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Introduction

This document continues the work submitted to Working Party 7C and proposes additional changes to Recommendation ITU-R RS.1263. This version follows up that work by continuing the review of the interference criteria published in the current version of Recommendation ITU‑R RS.1263. Questions had been raised in the past on the validity of some of the values. The revisions in this proposed contribution also address the interference criteria of dropsondes. 

Some administrations are also conducting additional testing to confirm the accuracy of the interference criteria values currently proposed in this preliminary draft revision. This testing involves injecting interference at different levels and durations into a controlled telemetry link to evaluate the effect on system performance and data loss. This testing will provide answers to the effect of interference on system performance where only best engineering guesses could be previously used.

The current changes to this document were presented at the 29 August meeting of WP 7C. The most recent changes include an updated GPS radiosonde link budget table and recalculated GPS radiosonde interference criteria levels. The additional GPS link budget data and recalculated interference criteria levels were agreed to at this meeting and incorporated into the document. Additional field testing is being conducted by other administrations. The results of those studies will be incorporated into this document prior to the next meeting of WP 7C.
Summary

This document provides an update to ITU-R SA.1263 in terms of adding new information regarding various radiosonde system specifications, recalculation of interference criteria levels, removing text on data availability that is better placed in Recommendation ITU‑R RS.1165, and attaching test data that supports the link performance and availability conclusions in the MetAids Recommendations.
PRELIMINARY DRAFT REVISED RECOMMENDATION ITU-R RS.1263

Interference criteria for meteorological aids operated in the 
400.15-406 MHz and 1 668.4-1 700 MHz bands
Scope

This document defines the interference criteria for meteorological aids which are operated within the 400.14-406 MHz and 1 668.4-1 700 MHz bands.

(1997)

The ITU Radiocommunication Assembly,

considering

a)
that interference criteria are needed to ensure that systems can be designed to achieve adequate performance in the presence of interference;

b)
that the performance objectives for radiosonde, dropsonde and rocketsonde systems are specified in Recommendation ITU‑R RS.1165;

c)
that interference criteria assist in the development of criteria for sharing bands among systems, including those operating in other services;

d)
that systems in the meteorological aids (MetAids) service must specify interference thresholds at least equal to the permissible levels;

e)
that Annex 1 presents the parameters of representative systems that provide the basis for permissible levels of interference to transmissions in the MetAids service;

f)
that some systems operating in the same bands may have different characteristics that will result in different interference criteria,

recommends

1
that the interference levels specified in Tables 1 and 2 should be used as the permissible total levels of interfering signal power at the antenna output of receiving stations operating in the MetAids service.

TABLE 1

Interference criteria for radiosonde systems in the MetAids service

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	


  

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	


  

	Parameter
	Radio direction finding (RDF) radiosonde system 1 668.4-1 700 MHz
	GPS radiosonde system 1 675-1 683 MHz
	NAVAID radiosonde system with directional antenna 400.15-406 MHz
	NAVAID radiosonde system with omnidirectional antenna 400.15-406 MHz

	System reference bandwidth
	1.3 MHz
	150 kHz
	300 kHz
	300 kHz

	Interference signal power (dBW) in the reference bandwidth to be exceeded no more than P1 of the time 
	[–135.3]*
	–138
	[–140.6]*
	Not applicable(1)

	Percentage of time, P1 (%)(2)
	[0.02]*
	0.025
	[0.02]*
	Not applicable(1)

	Interference signal power (dBW) in the reference bandwidth to be exceeded no more than P2% of the time 
	[– 148.5]*
	–146.4
	[–149.6]*
	[– 154.4]*

	Percentage of time, P2 (%)(2)
	[1.25]*
	0.5
	[1.25]*
	[1.25]*

	Interference signal power (dBW) in the reference bandwidth to be exceeded no more than 20% of the time (2)
	[–149.4]*
	–154.2
	[–154.9]*
	[–156.1]*

	(1)
Systems with omnidirectional antennas are not vulnerable to losing antenna lock on the signal due to interference or signal fading.
(2)
This percentage of time shall not be exceeded on a per-flight basis.
NOTE – An asterisk (*) next to a value with the value in square brackets indicates that further work is needed to validate the value. This will be addressed at a future Working Party 7C meeting.


TABLE 2

Interference criteria for rocketsonde and dropsonde systems in the MetAids service
	Parameter
	Airborne dropsonde systems
400.15-406 MHz
	Rocketsonde systems
400.15-406 MHz

	System reference bandwidth
	20 kHz
	3 MHz

	Interference signal power (dBW) in the reference bandwidth to be exceeded no more than 0.02% of the time (1)
	
–153.3
	
–124.9

	Interference signal power (dBW) in the reference bandwidth to be exceeded no more than 0.03% of the time (1)
	
–161.5
	–125.5

	Interference signal power (dBW) in the reference bandwidth to be exceeded no more than 20% of the time (1)
	
–167.1
	
–134.7

	(1)
This percentage of time shall not be exceeded on a per-flight basis.


Annex 1

Basis for performance and interference criteria for MetAids 
in the 400.15-406 MHz and 1 668.4-1 700 MHz bands

1
Introduction

The bands 400.15-406 MHz (referred to as the 403 MHz bands throughout) and 1 668.41 700 MHz (referred to as the 1 680 MHz band throughout) are allocated to MetAids on a primary basis. The bands 400.15-403 MHz and 1 670‑1 700 MHz are also allocated to the meteorological satellite (METSAT) users on a co-primary basis; and the band 400.15-401 MHz is allocated to the mobile satellite service (MSS) worldwide, and the band 1 668.4-1 675 MHz is allocated to the MSS worldwide.

The term MetAids is used to describe a variety of types of meteorological equipment; radiosondes, dropsondes and rocketsondes. MetAids are flown worldwide for the collection of upper atmosphere meteorological data for weather forecasts and severe storm prediction, collection of ozone level data, and measurement of atmospheric parameters for various other applications. The data collected from these flights, or soundings, is of extreme importance for the protection of life and property through the prediction of severe storms and providing vital data for commercial airline operations.

2
Methodology for calculation of MetAids interference criteria

Since MetAids are typically most vulnerable to interference at the maximum slant range of operation, the interference criteria will be established based on the link margin at the maximum slant range. Although this assumption does not allow other potential users of the bands the flexibility of taking advantage of the higher link margins at shorter slant ranges, this factor may be applied, if appropriate, in detailed sharing studies. This range will be a typical maximum slant range for most of the world, but does not represent the extreme conditions encountered in wintertime at high latitudes. The interference criteria of MetAids will be established at three points for systems with directional antennas: an interference level and percentage time for loss of receiver tracking lock, an interference level and percentage time for loss of data, and a long term interference level to be exceeded no for greater than 20% of the time. The loss of receiver lock values are not applicable to MetAids systems with omnidirectional antennas since the antenna cannot be misdirected away from the signal during a period of signal loss or interference. For MetAids systems with omnidirectional antennas, an interference level and percentage of time will be calculated for data loss and for a long-term interference level to be exceeded for no greater than 20% of the time. Since the different types of MetAids are utilized in different applications and exhibit different characteristics, criteria will be established for each.
The first level of short-term interference criteria to be established, applicable only to systems with directional tracking antennas, will be the level associated with loss of receiver tracking lock, which is allowable for only a brief period of time and is only applicable to systems with directional tracking antennas. This is the maximum time in which the receiver can withstand loss of signal and still recover and lock the tracking antenna back on the signal when it returns. The total time percentage, P%TOTALLOCK, loss of tracking lock that may occur will be calculated according to the system and application. That percentage will then be subdivided into a percentage for intrasystem sources, and a percentage for intersystem sources. In this case, loss of lock will be subdivided so that a percentage (P%A) of P%TOTALLOCK is attributed to intersystem interference.
The interference criteria for loss of tracking lock will be calculated in the following manner:


ILOCKLOSS    NRX  +  10 log (10M/10 – 1)
(1)

where:

NRX:
receiver noise spectral density from link budget (see Table 4)


M:
margin calculated for loss of lock calculated from link budget (see Table 4).

The level, ILOCKLOSS, shall not be exceeded more than P%LOCKLOSS, where:


P%LOCKLOSS    (P%A)  (P%TOTALLOCK)

The second level of short-term interference criteria, applicable to all systems, is the level at which loss of data will occur. The percentage of time for this occurrence may be obtained from the user’s data availability objectives. The published data availability requirements of MetAids typically is for all sources of data loss and data error. MetAids flights experience sensor data errors, in addition to data loss, which are filtered out during data processing. A percentage (P%B) of the total data loss/error percentage P%TOTAL will be attributed to interference, and a percentage (P%C) of this may be attributed to intersystem interference, hence:

P%DATALOSS    (    P%B) (P%C) (P%TOTALDATA)
The values for P%B and P%C vary depending upon the system design and operational requirements. Table 1 provides representative values for MetAids systems. The values for P%TOTALDATA are taken from the performance objectives defined in Recommendation ITU‑R RS.1165.

Table 3

Percentages of time associated with representative MetAids systems

	Percentage
	RDF system
1 668.4-1 700 MHz
	GPS system
1 675-1 683 MHz
	NAVAID system with directional antenna
	NAVAID system with omnidirectional antenna
	Dropsonde system
	Rocketsonde system

	Tracking loss percentage of time (P%TOTALLOCK)
	0.08%
	0.1%
	0.08%
	Not applicable(1)
	Not applicable(1)
	0.08%

	Percentage of tracking loss attributed to intersystem interference (P%A)
	25%
	25%
	25%
	Not applicable(1)
	Not applicable(1)
	25%

	Maximum link unavailability percentage of time (P%TOTALDATA)
	20%
	2.0%
	1%
	1%
	2.0%
	0.5%

	Percentage of data loss attributed to interference (P%B)
	25%
	25%
	25%
	25%
	25%
	25%


Table 3 (end)
	Percentage
	RDF system
1 668.4-1 700 MHz
	GPS system
1 675-1 683 MHz
	NAVAID system with directional antenna
	NAVAID system with omnidirectional antenna
	Dropsonde system
	Rocketsonde system

	Percentage of data loss attributed to intersystem interference (P%C)
	25%
	----
	25%
	25%
	25%
	25%

	Resulting percentage of time for tracking loss interference criteria (P%LOCKLOSS)
	0.02%
	0.025%
	0.02%
	Not applicable(1)
	Not applicable(1)
	0.02%

	Resulting percentage of time for data loss interference criteria (P%DATALOSS)
	1.25%
	0.5%
	1.25%
	1.25%
	0.5%
	0.03%

	(1)
Systems with omnidirectional antennas are not vulnerable to losing antenna lock on the signal due to interference or signal fading.


The interference criteria for data loss will be calculated in the following manner:


IDATALOSS    NRX  +  10 log (10M/10 – 1)
(2)

where:

NRX:
receiver noise spectral density from link budget (see Tables 4 and 5)


M:
margin calculated for data loss from link budget (see Tables 4 and 5).

The level IDATALOSS shall not be exceeded more than P%DATALOSS.

The third interference level will be the long term level, to be exceeded no more than 20% of the time. The long-term interference level can be calculated based on both the short term margins for loss of lock (when applicable) and data loss. The level calculated from the short-term loss of lock margin is insignificant since it is dominated by the level calculated from the data loss margin. For the long term (20%), 2/3 of the margin associated with data loss will be retained for MetAids. The interference criteria for data loss will be calculated in the following manner:



I20%    NRX  +  10 log (10M/30 – 1)
or


NRX  –  10 dB, whichever is greater
(3)

where:

NRX:
receiver noise spectral density from link budget (see Table 4)


M:
margin calculated for data loss from link budget (see Table 4).

The level I20% shall not be exceeded more than 20% of time.




  

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	




        

      
    


      
    

    

  




  

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	




3
Link budget analysis for MetAids

The various types of MetAids are utilized for different purposes and have different system characteristics, and as a result have different link budget calculations. Tables 4 and 5 list the link budget calculations for representative systems used worldwide.

Table 4

	Link budget calculations for MetAids operated in the band 400.15-406 MHz
Performance factor
	NAVAID directional antenna
	NAVAID omnidirectional antenna
	Dropsonde
	Rocketsonde

	Modulation type
	FM
	FM
	FM
	AM

	Frequency range (MHz)
	400.15-406
	400.15-406
	400.15-406
	400.15-406

	Percent time performance is not exceeded (%)
	0.08
Track loss
	1
Data loss
	1
Data loss
	0.5
Data loss
	0.08 Track loss
	0.5
Data loss

	1.
Transmitter output power (dBW)
	–6.0
	–6.2
	–8.5
	–5.2

	2.
Antenna gain average (dBi)
	2.0
	–4
	2.0
	0.0

	3.
Transmitter e.i.r.p. (dBW)
	–4.0
	–10.2
	–6.5
	–5.2

	4.
Maximum link length (km)
	250
	150
	350
	70

	5.
Free space path loss (dB)
	[132.5]*
	[128.0]*
	135.4
	[121.4]*

	6.
Excess path loss (rain, fading, etc.) (dB)
	[1.5]*
	[1.0]*
	4.0
	[0.25]*

	7.
Ground station antenna gain (dBi)
	8.0
	2.0
	0.0
	20

	8.
Ground station antenna pointing error (dB)
	0.0
	0.0
	0.0
	0.5

	9.
Receiver system loss (antenna feed, cables, etc.) (dB)
	[2.0]*
	[2.0]*
	0.0
	2.0

	10.
Polarization mismatch loss (dB)
	[0.5]*
	[0.5]*
	0.0
	[0.5]*

	11.
Received signal power (dBW)
	[–132.5]*
	[–133.5]*
	–145.9
	[–109.85]*

	12.
Receiver reference bandwidth (kHz)
	300
	300
	18
	3 000

	13.
Reference bandwidth (dBHz)
	54.8
	54.8
	42.5
	64.8

	14.
Received energy per Hz, C0 (dB(W/Hz))
	[–187.3]*
	[–188.3]*
	–188.4
	174.65

	15.
Receiver system noise power (dBW)
	[TBD]
	[TBD]
	–163
	[TBD]

	16.
Receiver noise spectral density, N0 (dB(W/Hz))
	–200.9
	–200.9
	–202.5
	200.5

	17.
Minimum C0 /N0 (dB)
	7
	12
	12
	12
	7
	12


Table 4 (end)
	Link budget calculations for MetAids operated in the band 400.15-406 MHz
Performance factor
	NAVAID directional antenna
	NAVAID omnidirectional antenna
	Dropsonde
	Rocketsonde

	18.
Actual C0 /N0 for flight (dB)
	[13.6]*
	[12.6]*
	14.1
	[25.8]*

	19.
Margin (dB)
	[6.6]*
	[1.6]*
	[0.6]*
	2.1
	[18.9]*
	[13.8]*

	NOTE – An asterisk (*) next to a value with the value in square brackets indicates that further work is needed to validate the value. This will be addressed at a future Working Party 7C meeting.


Table 5

Link budget calculations for MetAids operated in the band 1 668.4-1 700 MHz

	
	RDF system
	GPS system

	Modulation type
	AM
	FM

	Frequency range (MHz)
	1 668.4-1 700
	1 675-1 683

	Percent time performance is not exceeded (%)
	0.02
Track loss
	1.25
Data loss
	0.025
Track loss
	0.5
Data loss

	1.
Transmitter output power (dBW)
	–6.0
	–5.0

	2.
Antenna gain average (dBi)
	2.0
	-2

	3.
Radiosonde e.i.r.p. (dBW)
	–4.0
	–3.0

	4.
Maximum link length (km)
	250
	250

	5.
Free space path loss (dB)
	144.9
	144.9

	6.
Excess path loss (rain, fading, etc.) (dB)
	2.0
	5.0

	7.
Ground station antenna gain (dBi)
	28
	26

	8.
Ground station antenna pointing error (dB)
	0.5
	0.0

	9.
Receiver system loss (antenna feed, cables, etc.) (dB)
	3.0
	0.5

	10.
Polarization mismatch loss (dB)
	0.5
	3

	11.
Received signal power (dBW)
	–126.9
	–130.4

	12.
Receiver reference bandwidth (kHz)
	1.300
	150

	13.
Reference bandwidth (dBHz)
	61.1
	52

	14.
Received energy per Hz, C0 (dB(W/Hz))
	–188.0
	–182.4

	15.
Receiver system noise temperature (K)
	738
	1 000(NF 6.5 dB)

	16.
Receiver noise spectral density, N0 (dB(W/Hz))
	–200.5
	–197.4

	17.
Minimum C0 /N0 (dB)
	7
	12
	6
	12

	18.
Actual C0 /N0 for flight (dB)
	12.5
	15

	19.
Margin (dB)
	5.5
	0.5
	9.0
	3.0


4
Calculation of MetAids interference criteria

4.1
Radiosondes

The interference criteria can be calculated utilizing equations (1), (2) and (3), and the results of the link budget analysis in Table 4. The interference criteria established for each of the three radiosonde systems are presented in Table 5.
TABLE  6
Interference criteria for radiosonde systems operating in the band 400.15-406 MHz
	Parameter
	
	Radiosonde system with directional antenna
400.15-406 MHz
	Radiosonde system with omnidirectional antenna
400.15-406 MHz

	Receiver noise spectral density (dB(W/Hz))
	
	–200.9
	–200.9

	Receiver reference bandwidth (dB/Hz)
	
	[54.8]*
	[54.8]*

	0.02% link margin (dB)
	
	[6.6]*
	Not applicable(1)

	1.25% link margin (dB)
	
	[1.6]*
	[0.6]*

	Interference level not to be exceeded more than 0.02% of the time (equation (1))
	
	[–140.6 dB(W/300 kHz)]*
	Not applicable(1)

	Interference level not to be exceeded more than 1.25% of the time (equation (2))
	
	[–149.6 dB(W/300 kHz)]*
	[–154.4 dB(W/300 kHz)]*

	Interference level not to be exceeded more than 20% of the time (equation (3))
	
	[–154.9 dB(W/300 kHz)]*
	[–156.1 dB(W/300 kHz)]*

	(1)
Systems with omnidirectional antennas are not vulnerable to losing antenna lock on the signal due to interference or signal fading.

NOTE – An asterisk (*) next to a value with the value in square brackets indicates that further work is needed to validate the value. This will be addressed at a future Working Party 7C meeting.






TABLE 7

Interference criteria for radiosonde systems operating in the band 1 668.4-1 700 MHz

	Parameter
	RDF system 
1 668.4-1 700 MHz
	GPS system 
1 675-1 683 MHz

	Receiver noise spectral density (dB(W/Hz))
	–200.5
	–197.4

	Receiver reference bandwidth (kHz)
	1 300
	150

	First short term link margin (dB)
	5.5
	3.0

	First short term percentage of time, P1 (%)
	0.02
	0.5

	Second short term link margin (dB)
	0.5
	9.0

	Second short term percentage of time, P2 (%)
	1.25
	0.025

	Interference level not to be exceeded more than P1% of the time (equation (1) (dBW within ref. bandwidth)
	–135.3
	–138

	Interference level not to be exceeded more than P2% of the time (equation (2) (dBW within ref. bandwidth)
	–148.5
	–146.4

	Interference level not to be exceeded more than 20% of the time (equation (3) (dBW within ref bandwidth)
	–149.4
	–154.2


4.2
Dropsondes

Equations (1), (2) and (3) can be used to calculate the interference criteria for dropsondes. The interference criteria for dropsondes is presented in Table 8.
TABLE 8
Interference criteria for dropsonde systems

	Parameter
	Dropsonde systems
400.15-406 MHz

	Receiver noise spectral density (dB(W/Hz))
	–202.5

	Receiver reference bandwidth (dB/Hz)
	42.5

	0.03% link margin (dB)
	[2.1]*

	Interference level not to be exceeded more than 0.03% of the time (equation (2))
	–161.9 dB(W/18 kHz)

	Interference level not to be exceeded more than 20% of the time (equation (3))
	–167.5 dB(W/18 kHz)

	NOTE – An asterisk (*) next to a value with the value in square brackets indicates that further work is needed to validate the value. This will be addressed at a future Working Party 7C meeting.


4.3
Rocketsondes

Equations (1), (2) and (3) can be used to calculate the interference criteria for rocketsondes. The interference criteria for rocketsondes is presented in Table 9.



	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


TABLE  9
Interference criteria for rocketsonde systems

	Parameter
	Rocketsonde systems
400.15-406 MHz

	Receiver noise spectral density (dB(W/Hz))
	–200.5

	Receiver reference bandwidth (dB/Hz)
	[64.8]*

	0.02% link margin (dB)
	[11.1]*

	0.03% link margin (dB)
	[10.6]*

	Interference level not to be exceeded more than 0.02% of the time (equation (1))
	[–124.9 dB(W/3 MHz)]*

	Interference level not to be exceeded more than 0.03% of the time (equation (2))
	[–125.5 dB(W/3 MHz)]*

	Interference level not to be exceeded more than 20% of the time (equation (3))
	[–134.7 dB(W/3 MHz)]*

	NOTE – An asterisk (*) next to a value with the value in square brackets indicates that further work is needed to validate the value. This will be addressed at a future Working Party 7C meeting.


Attachment 1

(To be separated from this PDRR and published 
as an ITU-R Report at a later time)

Radiosonde link test data
(This Attachment is being retained for future reference when completing additional updates to Recommendation ITU-R RS.1263. It will be removed prior to sending this revision of Recommendation ITU-R RS.1263 to Study Group 7.)

1
Introduction

Meteorological aids (MetAids) typically operate out to telemetry link ranges that bring the link margin to near and sometimes below 0 dB. Due to technical design limitations and for safety reasons (Refer to ITU-R RS.1165) MetAids transmitters are power limited. To improve performance the receiving systems often use sensitive receivers and high gain antennas. During the ITU-R Study cycles covering the years 1992 – 2003 it became clear that a better understanding of the link performance of MetAids systems was needed in ITU-R. Several administrations undertook test programs to provide ITU-R with the needed information. The data and results address several key issues:

–
comparison of the actual system link availability to the system link availability design objective;

–
determine the link margin that is appropriate to use relative to the link availability design objective;

–
other appropriate values to use in the link budget calculation for calculating system interference criteria.

2
Interference criteria calculations

Calculation of interference criteria is based on both the MetAids system link margin, and the link availability values of the system. There is a need to clearly define the term availability for MetAids systems, and to determine the appropriate link budget to be used with defining MetAids interference criteria. 

In ITU-R, system interference criteria are typically based on the system link margin. A percentage of the link margin is given up to interference. The noise floor is raised slightly by the presence of the interference, resulting in a reduction in the link margin. The link availability objectives of the system must also be considered in order to determine the percentages of time that are applicable to the calculated interference criteria. This is the method used for the current values specified in Recommendation ITU-R RS.1263. In past years other radio services have noted that the MetAids performance objectives are set very high (link availability on the order of 99%) while the specified link margins are quite low (on the order of several dB or less). Such low link margins are not common radio link design practice and raised concern for the other radio services. However, for technical and safety reasons discussed in Recommendation ITU-R RS.1165, MetAids systems are designed to make the most efficient use of transmitter power and minimize the weight and density of the MetAids transmitter package.

3
Radiosonde link availability and data availability

For radiosonde systems, the value used for the availability performance objective should be link availability; the percentage of time that the receive signal strength is above the minimum receive threshold. When the receive level is above the minimum receive threshold, reliable reception of data should occur. Data availability is closely related to the percentage of time the link is available. Data availability is also affected by other factors as well. In addition to the path losses resulting in the receive signal level dropping below the minimum required level, radiosondes generate a small percentage of erroneous data due to sensor and processing errors. In the case of erroneous data, the link is sufficient to transmit the data to the receive station, but the receive station performs quality control and discards the bad data points during the data processing. Radiosonde users define their data availability performance objectives with consideration for loss of data due to sensor and processing errors as well as receive levels below the minimum receive threshold. Since radiosondes often use signals that are either partially or fully analog, bit error rate values are also not applicable and data availability values are difficult to quantify. It is for these reasons that link availability should be used as the radiosonde performance objective. Link availability will be defined as the percentage of time that the received signal level is sufficient to produce at least the required signal-to-noise ratio (S/N). The required S/N is defined as the minimum value where no data loss occurs due to failure of the transmission link.

4
Procedure

Testing was conducted for both bands allocated to MetAids by conducting flights that approach or reach the maximum operational link range of the system. Both receiver systems used in the testing were capable of reporting the receive signal level detected at the output of the receive antenna so the receive level could be recorded by a computer.
4.1
400.15-406 MHz band
In order to assess the performance of the state-of-art radiosonde system in the 400.15-406 MHz band, and to justify the performance objectives, a small number of soundings were done using both low gain (omnidirectional antenna) and high gain (directional antenna). The system components used in this test are defined in Recommendation ITU-R RS.1165. Those components were System 2 for the Receiver, type B radiosondes
, Antenna B for the directional antenna, and Antenna C
 for the omnidirectional antenna. With Reed Solomon error correction and use of GMSK the receive sensitivity for the system was –120 dBm. The soundings were done at Jokioinen observatory in Southern Finland in expected high wind conditions to achieve maximum distance. Altogether three soundings were done using the omnidirectional antenna only, and three with both omnidirectional and directional antennas. The S/N, signal to noise ratio, and received signal power were calculated from the software radio after the FFT conversion of the received signal. The use of advanced signal processing methods like Reed-Solomon provide processing gain of about 5 dB, suggesting that a minimum S/N ratio of 7.3 dB is the threshold for reliable reception of data. For existing analogue systems 12 dB is therefore a reasonable requirement. On the other hand the deviation in the 

received signal power suggests that even higher than 12 dB S/N as an average minimum would be needed.

4.2
1 668.4-1 700 MHz band
Testing was conducted using a new radiosonde system being deployed in the United States (system E in Recommendation ITU-R RS.1165
). A series of flights were conducted, where the radiosonde signal strength at the output of the receive antenna connector was recorded at a one-second interval The receive noise floor and the minimum receive signal threshold is known for the system, the percentage of time that the signal strength falls below the minimum receive signal threshold can be determined, revealing the flight link availability. In addition, the signal strength data can also be used to determine at what receive level above the minimum receive level the link availability equals the link availability performance requirement. The difference between the higher threshold and the minimum receive signal threshold can be assumed to be the link margin.

The data availability design requirement for the system used for this testing is 98% over the entire flight. As discussed in Section 3, data loss occurs in radiosonde systems for reasons other than those related to the telemetry link. Therefore, one-half of the 2% allowable data loss will attributed to the signal strength falling below the minimum receive level while the remaining one‑half will be attributed to other data loss factors not related to the radio link. The test results will show whether the system is meeting its design objective of 1% link unavailability. The link unavailability is determined by measuring the percentage of the time that the receive signal strength falls below the system minimum receive threshold relative to the time of the entire flight. The minimum receive threshold for the system under test is a level of –106.8 dBm, which provides for a 12 dB signal to noise ratio above the –118.6 dBm noise floor.

The system link margin for each flight is determined by determining the signal level that would correspond to a 1% data loss. This is the level that 1% of the data points fall below. The difference between this level and the minimum receive level is the link margin. In the case of this testing, the reported signal levels were at a 1 dB resolution, so it is not possible, in most cases, to determine the receive level exactly at where 1% data loss occurs. For this reason, the signal level closest to the 1% data loss point is used in calculating the margin.

5
Flight data results

The flight data is presented in two ways in this contribution. Annex 4 provides plots of the radiosonde to receive station link path loss over the entire time of the flight. Annex 5 provides plots of the radiosonde signal strength at the input of the receiver for the entire period of the flight. It should be noted that not all flights reached the maximum 250 km slant range limit.

5.1 Flight data results for 400.15-406 MHz

Table 1-1 provides the transmit power of the radiosonde and the distance at the end of each sounding. 

Table 1-1 

Soundings performed

	Sounding
	Frequency (MHz)
	Transmit power (mW)
	Transmit power (dBm)
	Range (km)

	1
	402
	20.3
	13.07
	194.4

	2
	402
	22.2
	13.46
	143.4

	3
	402
	21.4
	13.30
	108.4

	4
	402
	20.9
	13.20
	131.5

	5
	402
	22.6
	13.54
	365.8 (dir.)
298.3 (omni.)

	6
	405.5
	19.4
	12.88
	272.5


As can be seen, sounding No. 5 was exceptionally long, over 360 km. At this distance, the radiosonde was received only with the directional antenna. With the omnidirectional antenna the signal started to be too weak at about 270 km, though some errors occurred earlier. The maximum range for good quality data transmission of each sounding is presented in Table 3.4.

Table 1-2

Maximum range for good data transmission

	Sounding
	Range of good data transmission (omni.) and rejected data frames
	Range of good data transmission (dir.) rejected data frames

	1
	194.4 km (N/A)
	–

	2
	95.8 km (1.67%)
	–

	3
	108.4 km (0.41%)
	–

	4
	131.5 km (0.71%)
	131.5 km (0.1%)

	5
	159 km (1.05%)
	354 km (0.48%)

	6
	270 km (0.48%)
	272.5 km (0.2%)


In all Figures it should be noted that the full transmission power is set on automatically only about 300 s after the beginning of the sounding. In Annex 1 the received radiosonde signal power with the omnidirectional antenna is presented. It is also compared with the theoretical receive level based on free space attenuation (red curve). Annex 2 presents the received signal power with the directional antenna with same comparison to the theoretical receive level based on free space path loss. In Annex 3 the signal level from the two antennas are compared. The data analysis for this band did not include the actual calculation of path loss as was done in the next section for the band 1 675-1 700 MHz.

Multipath fading can cause over 20 dB additional loss, which is seen as fading in the link. It is difficult to identify the exact reasons for signal level variations, but the multipath fading is the most important. The maximum negative and positive variations of the received signal strength from the free space attenuation are listed in Table 1-3. The minimum fatal-error-free S/N value is also listed.

Table 1-3

Sounding statistics

	Sounding
	Max. negative variation (dBm)
	Max. positive variation (dBm)
	Min. fatal-error-free S/N (dB)

	
	Omni.
	Dir.
	Omni.
	Dir.
	Omni.
	Dir.

	1
	28.1
	–
	6.1
	–
	7.3
	–

	2
	27.5
	–
	2.0
	–
	7.3
	–

	3
	26.3
	–
	4.0
	–
	7.7
	–

	4
	19.5
	7.5
	1.3
	2.2
	6.9
	11.8 
(no errors)

	5
	15.9
	12.4
	6
	1.6
	7.3
	7.3

	6
	10.8
	7.7
	1.8
	0.8
	7.5
	7.3

	Average
	21.4
	9.2
	3.6
	1.5
	7.3
	7.3


5.2
Flight data results for 1 675-1 700 MHz

5.2.1
Flight data for link path loss

The data for the plots in Annex 4 were derived from the receive signal strength reported by the radiosonde receiver. Using the reported signal strength, combined with transmitter, receiver, transmit antenna and receive antenna characteristics, the path loss of the radiosonde link can be calculated. Recommendation ITU-R RS.1165 provides the transmit and receive system characteristics used for the calculations and data analysis.

In addition to the characteristics provided in Table 1, the receive system has a systematic error in its signal reporting algorithm. The error varies slightly from system to system. Several receive systems were used in this testing. Each receiver was tested with a signal source to determine the reporting error at each signal level ranging from –30 dBm to –118 dBm. The known error could then be used to correct the path loss calculation for a more accurate result.

The formula for calculating the radiosonde link path loss, using the system parameters and the measured signal level is:



PL = PTX – PRX + GTX + GRX – ELEVEL
where


PL = 
Radiosonde link path loss


PTX = 
Radiosonde transmit power


PRX = 
Receive signal level


GTX = 
Transmitter antenna gain


GRX = 
Receiver antenna gain


ELEVEL = 
Signal level reporting error.

The radiosonde link path loss was plotted for each flight. The plots are contained in Annex 4. Review of these plots reveals some propagation characteristics of the radiosonde link. The plots contain both a line that defines the median path loss from the measured data, and a curve showing the free space path loss calculated solely from the slant range distance. The plots show that in nearly every case, the median path loss based on the measured data closely follows the curve of the calculated free space path loss within approximately (1 dB. Therefore, free space path loss can be 

used to accurately define the radiosonde link budget. The second conclusion that can be drawn from the plots in Annex 4 is the level of fading that a radiosonde experiences during flight. The plots show that fading on the order of 2 to 3 dB short slant ranges that increases to on the order of 3 to 5 dB at the longer slant ranges. The plots also show that in addition the signal is enhanced by approximately the same amounts at both short slant ranges and longer slant ranges respectively. As would be expected, varying propagation conditions including multipath will cause signal fades and also cause increases in the signal level relative to free space path loss. Therefore, fading on the order of 3 to 5 dB should be considered in the link budget calculations.

5.2.2
Link availability and link margin

The plots in Annex 5 are of the reported radiosonde signal strength over the entire period of the flight. The curve is the signal strength, corrected for the systematic reporting error of the receiver, plotted against the slant range between the receiver and the radiosonde (transmitter). The plots for flights that reach or approach the 250 km slant range limit also contain two other lines. The first (lower) line is the minimum receive level for which the receiver will see at least a 12 dB signal-to-noise ratio. For the systems used in these tests, this level is –106.8 dBm, which is 12 dB above the system noise floor of –118.6 dBm. As discussed in section 3 any point that falls below the 12 dB S/N level of –106.8 dBm is considered a point where link availability has failed. Above the 12 dB S/N line, a line is plotted where the data indicates that the system is approaching or is at the 1% unavailability level. The system used for testing only reported signal strength with a 1 dB resolution. In many cases the 1% unavailability point fell between two points 1 dB apart and could not be precisely determined. Therefore, the line is drawn using the signal level that fell closest to the 1% unavailability level.

These plots provide several important conclusions. Proponents of other radio services have argued that radiosonde systems operating with such small link margins should experience data loss at levels much higher than 1 to 2 percent. The plots show that the systems do operate with small link margins, but do not experience high levels of data loss. For the system type tested, a performance objective of 99% link availability is reasonable and attainable with a small link margin. The plots also provide an indication of the actual link margin that should be used in the link budget calculations. The results of the plots do vary somewhat for the systems type used in the tests, but in every case, the system is operating at a positive link margin. 

6
Conclusion

There are several important conclusions that can be drawn from the test data shown in Annexes 1 through 5. Radiosondes are intentionally designed to use the lowest transmitter power necessary to maintain the required radio link. This design objective keeps the battery to a minimum size and reduces weight and density of the radiosonde. In the original version of Recommendation ITU‑R RS.1263, link budgets were calculated using free space path loss, and included consideration for fading and other propagation anomalies. The test data show that use of free space path loss is valid. In a liaison statement Working Party 3M indicated that use of the ITU-R free space propagation model may yield the best results for radiosonde link calculations.

6.1 
Conclusions specific to 400.15-406 MHz

The transmitted signal is affected in several ways during the transmission. It is bent, scattered and reflected in the atmosphere. At 400 MHz and within the distances in the radiosonde soundings these phenomena are not very significant. The most important propagation mechanisms of the radiosonde signal are the line-of-sight propagation and multipath fading. The latter is problematic, because it can cause erosion of the link margin that degrades the performance of the telemetry link. Buildings, 

hills, forest and other obstacles can cause diffraction and therefore fading through multipath propagation.

According to the results, the telemetry link worked very well with the directional antenna supporting the claim for 250 km performance with high data availability. With the omnidirectional antenna the performance was rather variable, but the claim for reasonable performance up to 150 km is feasible. One sounding was very well received out to a range of 270 km, but on the other hand some soundings had several telemetry failures at much shorter distances. Thus, it seems that the good telemetry range can not be guaranteed for the distances of over 150 km with the omnidirectional antenna. The variations caused primarily by multipath, relative to free space loss, were between +6.1 ... –28.1 dB with the omnidirectional antenna and +2.2 ... –12.4 dB with the directional antenna.

In two long soundings the telemetry performance is much better in the sounding No. 6 than it is in sounding No. 5. In both soundings the flying direction at the end was rather similar; 9.3( from south to east in sounding 5 and respectively 5.6( in sounding 6. The probable reason for worse performance in the other sounding is the different multipath characteristics in these directions.

In conclusion, fading on the order of 20 dB for the omnidirectional antenna and 10 dB for the directional antenna must be accounted for in link budget calculations. The use of the free space path model was confirmed to be appropriate by Working Party 3M. Working Party 3M further advised Working Party 7C that use of the ITU-R free space path model Recommendation ITU-R P.528 may provide even more accurate results.

6.2
Conclusions specific to the band 1 675-1 700 MHz

The plots also show that fading levels on the order of 3 to 5 dB should be used for systems in the band 1 675-1 700 MHz. The data also shows that the system tested met the performance objectives, even with a small link margin. Other antenna systems with different designs may be more or less susceptible to multipath fading if the antenna pattern is significantly different. Other flight tests would be required to verify the values for those systems. 

The data support the approach taken in Recommendation ITU-R RS.1263 that use of free space path loss combined with consideration for fading, is adequate for calculating the system interference criteria. As suggested by Working Party 3M, use of the propagation model defined in Recommendation ITU-R P.528 may yield more accurate results.
Annex 1

Flight signal level and S/N plots for 400.15-406 MHz 
with omnidirectional antenna

Figure 1-1
Sounding 1. Received signal power, omnidirectional antenna
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Figure 1-2
Sounding 1. S/N, omnidirectional antenna
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Figure 1-3
Sounding 2. Received signal power, omnidirectional antenna
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Figure 1-4
Sounding 2. S/N, omnidirectional antenna
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Figure 1-5
Sounding 3. Received signal power, omnidirectional antenna
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Figure 1-6
Sounding 3. S/N, omnidirectional antenna
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Figure 1-7
Sounding 4. Received signal power, omnidirectional antenna
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Figure 1-8
Sounding 4. S/N, omnidirectional antenna
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Figure 1-9
Sounding 5. Received signal level omnidirectional antenna 
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Figure 1-10
Sounding 5. S/N, omnidirectional antenna
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Figure 1-11
Sounding 6. Received signal power, omnidirectional antenna
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Figure 1-12
Sounding 6. S/N, omnidirectional antenna
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Annex 2

Flight signal level and S/N plots for 400.15-406 MHz with directional antenna

Figure 2-1
Sounding 4. Received signal power, directional antenna 
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Figure 2-2
Sounding 4. S/N, directional antenna
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Figure 2-3
Sounding 5. Received signal with directional antenna
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Figure 2-4
Sounding 5. S/N, directional antenna
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Figure 2-5
Sounding 6. Received signal power, directional antenna
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Figure 2-6
Sounding 6. S/N, directional antenna
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Annex 3

Flight signal level plots for 400.15-406 MHz,
comparison of directional and omnidirectional antennas

Figure 3-1
Sounding 4. Comparison of omni- and directional antennas
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Figure 3-2
Sounding 4. Comparison of omni- and directional antennas
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Figure 3-3
Sounding 5. Comparison of omni- and directional antennas 
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Figure 3-4
Sounding 5. Comparison of omni- and directional antennas 
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Figure 3-5
Sounding 6. Comparison of omni- and directional antennas
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Figure 3-6
Sounding 6. Comparison of omni- and directional antennas
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Annex 4

Flight path loss plots for 1 675-1 700 MHz
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Annex 5

Flight signal strength plots for 1 675-1 700 MHz

[image: image32.emf]Signal Strength - Flight 03-051

System 04

-120.0

-110.0

-100.0

-90.0

-80.0

-70.0

-60.0

-50.0

-40.0

0.00 50.00 100.00 150.00 200.00 250.00

Slant Range (km)

Receive Signal Level (dBm)

Receive Signal Strength

Minimum Signal Strength

Margin Level

2 dB Margin (0.8% data loss)

 


[image: image33.emf]Signal Strength - Flight 03-051

System 05

-120.0

-110.0

-100.0

-90.0

-80.0

-70.0

-60.0

-50.0

-40.0

0.00 50.00 100.00 150.00 200.00 250.00

Slant Range (km)

Receive Signal Strength (dBm)

Receive Signal Strength

Minimum Signal Strength

Margin Level

3 dB Margin (1.4% data loss)


[image: image34.emf]Signal Strength - Flight 03-052

System 04

-120.0

-110.0

-100.0

-90.0

-80.0

-70.0

-60.0

-50.0

-40.0

0.00 50.00 100.00 150.00 200.00 250.00

Slant Range (km)

Receive Signal Strength (dBm)

Receive Signal Strength

Minimum Signal Strength

Margin Level

3 dB Margin (0.9% data loss)


[image: image35.emf]Signal Strength - Flight 03-052

System 05

-120.0

-110.0

-100.0

-90.0

-80.0

-70.0

-60.0

-50.0

-40.0

0.00 50.00 100.00 150.00 200.00 250.00

Slant Range (km)

Receive Signal Strength (dBm)

Receive Signal Strength

Minimum Signal Strength

Margin Level

4 dB Margin (1.6% data loss)

 


[image: image36.emf]Signal Strength - Flight 03-018

System 07

-120.0

-110.0

-100.0

-90.0

-80.0

-70.0

-60.0

-50.0

-40.0

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00

Slant Range (km)

Receive Signal Level (dBm)

Receive Signal Strength

Since the flight did not approach the 250 km

maximum range, the link margin associated

with 1% availability was not determined or plotted.

 


______________






� 	Various elements of this table were taken from Rec. ITU-R RS.1165.


� 	Editor’s Note: The Type B radiosonde was added recently to Recommendation ITU-R RS.1165 and at the time of writing of this document the revision of Recommendation ITU-R RS.1165 has not been approved pending further work.


� 	Editor’s Note: Antenna C was added recently to Recommendation ITU-R RS.1165 and at the time of writing of this document the revision of Recommendation ITU-R RS.1165 has not been approved pending further work.


� 	Editors Note: System E was added recently to Recommendation ITU-R RS.1165 and at the time of writing of this document the revision of Recommendation ITU-R RS.1165 has not been approved pending further work.





Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.
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