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Introduction

The Bureau has taken the comparison table from Document 14 and added its comments in a further column. There also is a need to be clear as to what is meant by time scales in this process. From the BR point of view there would seem to be only two steps. These are:


a) Those issues that need to be considered by WRC-2000 for immediate application either from a date determined by the conference for filings for systems not yet submitted and/or filings for systems already awaiting or undergoing processing. These would seem likely to be covered either by modifications to the RR or through Resolutions of the conference.


b) Those issues that need to be considered on a medium/long term basis. The conference would need to cover these by establishing a mechanism for them to considered with a view to decisions being taken by WRC-2003.

There are some issues that have been identified that could be implemented by the Bureau without a need for changes to the RR. For such issues, the Bureau would prefer that it receive a clear indication (e.g. by means of a Resolution instructing the Director) from WRC-2000 of the steps to be followed.

(From Document 14)The following table summarises the inputs into the Informal Correspondence Group on Satellite Filings (ICGSF) up to 10 March 00.  Unless specifically stated to the contrary all proposals are believed to have an impact on the Radio Regulations. The extent of the impact on the RR depending on the type of proposed change and varies from minor amendments to major revisions. 

In the "Summary" column the term "majority" only refers to those contributors providing text on the specific issue. 

Table Key:

Doc  5: Intelsat.

Doc  7: UK.

Doc  8: Inmarsat.

Doc  9: SES Luxembourg.

Doc 10: NZ.

Doc 11: NZ.

Doc 12: Joint FCC/NTIA Informal Space Working Group.

Doc 13: Malaysian Communications and Multimedia Commission.

Short term: 
WRC-2000

Medium term :   
WRC-2000 - 18 months

Long term :        
Beyond 2 years.

Issue
No.
Issue
Contributions from doc
Timescale for implementation
Summary
BR Comments

1
Suppression of the API process for networks subject to co-ordination
5, 7, 8, 9, 10, 11, 12, 13.
Short - Medium
Majority in favour of suppression but recognise an alternative procedure, and/or action by the BR, would be required to take its place. Those submissions that favour retention suggest modification to enhance its effects on the coordination process. 
See ICGSF 15 for BR comments – BR supports suppression and is working on identifying all the RR provisions that will need to be reviewed if the proposal is accepted

2
Mandatory electronic filing for new requests for co-ordination or notification
7, 8, 9, 12, 13.
Long 
All contributions in favour of mandatory electronic filing providing the operators have integrated and complete data validation/data capture software.


BR supports this approach (see Doc 15). The time scale is considered more likely to be “medium – this is certainly the Bureau’s objective. This could well be an issue falling under a) in the introduction.

3
Establish methods for rapid electronic capture of filings still awaiting processing
7,  9, 12.
Short - Medium
All contributions in favour of rapid electronic capture of filings awaiting processing. However it is recognised that this data would be of limited use if it has not been validated. A suggestion is that the existing paper filings not captured could be resubmitted in electronic form.

Does not require change to the RRs.
See Doc 15. BR suggests that the title be rather that in Doc 15 (i.e. Availability of Coordination Request information received by the Bureau and not yet published in a Special Section) – this represents the objective and not one possible solution. The BR proposal in Doc 15 is quickly implementable (expected to be in place prior to WRC-2000) and does not introduce any significant new workload. In this sense points 3 and 6 could be combined. Furthermore the time scale would become “immediate”. Resubmission of existing paper filings in electronic form implies major additional workload for the BR (checking that the two submissions are identical). 

4
The use of a co-ordination arc as a trigger in identifying co-ordination requirements for FSS in certain cases
5, 7, 9, 10, 11, 12, 13.
Short - Medium
The majority are in favour for the application of the coordination arc to limited frequency bands. However its use is limited and its impact on the workload of the BR has not been quantified. 
See Doc 15. The implementation of such a proposal would require consideration of how to treat cases where both coordination arc and Appendix S8 methods apply. 

The DNR developed by WP4A allows for administrations whose networks are outside the arc but where T/T exceeds 6% to enter into the coordination. It will need to be made clear who would be verifying such a claim – the Bureau understands that it would be between the two administrations and that the bureau would only be called upon in cases where any such claim is disputed. If the BR had to regularly confirm such claims it would impose a potentially substantial workload.


ITU-R Doc 4A/528 (annexed) provides detailed information from the Bureau on the use of APS8 analysis.

The Bureau is preparing a more detailed document for the ICGSF on this aspect.

5
Separation of uplink and downlink data in determining the need for co-ordination
5, 7, 9, 10, 11, 12, 13.
Short - Medium
The majority are in favour of separating uplink and downlink data in determining the need for co-ordination. However, concerns have been expressed about satellites using repeaters, the possibility of identifying more affected networks by separating the link data and the need to retain the overall link data (even if not used to determine the need for coordination) as has value during the coordination process. 
The Bureau considers that this point should be considered independently from point 4. Studies presented in Doc 4A/528 clearly show that the separation of up- and down-links solves the performance problem of Appendix S8. The running time is reduced to 4 hours or less for all networks. Separation of up- and down-links seems a preferable option to the coordination arc from the point of view of safety, additional software development, and possibly reduced data capture and validation (if link connection information was no longer needed).

6
Make available on the ITU Website, in the SNS database, details of new (electronic) filings “as received” with no further examination other than through the application of validation software tools
7, 8, 9, 10, 11, 12.
Short
All contributions in favour of however it is recognised that this data would be of limited use if it has not been validated. Also concern was been expressed about access by administrations without the necessary computing facilities. 

Does not require change to the RRs.
See comments above on Point 3

7
Publication to include only findings by the Bureau and a list of administrations with which co-ordination is required. Other detailed APS4 information to be available in the SNS database on the Web. This information could also include details of networks that triggered the need for co-ordination
7, 9, 12, 13.
Short
No consensus on this issue. The main concern expressed was the possibility that it would not provide sufficient data to exclude or include networks into coordination.
See BR comments in Doc 15. It is planned that this information would be published in a separate table (along with the main body of the coordination request) in the Special Section showing the results of the Bureau’s examination; this should facilitate a rapid review by Administrations of the coordinations required without needing to study the coordination request in detail. The Bureau will be publishing this information in the BR IFIC as this ensures that all Administrations receive a copy – this is not guaranteed by Web publication. In any case the information would also be available on the Web. This approach by the bureau would be rather in a “medium” time frame. Implementation is expected this year.

8
Eliminate duplication of data requirements and technical/regulatory examination between co-ordination (S9) and notification (S11)
7,  9, 12, 13.
Long 
Majority view this as a long term task that requires further study.
BR would support work on this aspect – this work should commence soon. However the time frame would certainly be “long” and it will require very careful consideration in order that the results correctly represent the best interests of Administrations. Ideally adoption of changes at WRC-2003 would be the objective.

9
Restrict the number of modifications to a network filing that can be made over a given period of time
7,  9, 12, 13.
Short
All are opposed to this proposal and consider it to be unworkable.
See Doc 15 for BR comments on modifications.

10
Simplification of the Master Register
5, 7, 9.
Long
There is agreement that simplification would be desirable but not on how it could be achieved. Some consider that it would require further review. 
See comments in Doc 15 concerning a review by administrations of the data items required. Any change here will be consequential to actions taken on many of the above points – the data in the MIFR is a reflection of the requirements of the relevant procedures and other provisions of the RR.

11
Improve software for capture, validation and technical examination
5, 7, 9, 12.
Short - Medium
All are agreed that the improvement of  software for capture, validation and technical examination would be beneficial Also that data capture/validation should be made available to administrations.

Does not require change to the RRs.
See BR comments in Doc 15 – this is an ongoing BR task.

12.1
Omit identifying affecting satellite networks in the coordination requests of administration willing to accept the potential interference.
5.
Short - Medium

This can also be handled (currently) at the stage of notification. Identifying networks with which coordination is required and additionally whether they are interferers or victims should solve the problem identified in Doc 5. 

12.2
Identify affected networks instead of affected administrations
5, 10, 11.
Short - Medium
All support identifying the affected networks.
See BR comments in Doc 15. The BR can identify the affected networks for each group of the new network. 



12.3
Resume the publication of the SNL
5.
Short
Does not require change to the RR.
See BR comments in Doc 15.

12.4
Simplify the Coordination Request Forms
5.
Medium
Some change is possible without changes to the RR.
This depends on decisions on the data items to be provided in the coordination and notification processes and, as such, would be a consequence of decisions taken on many of the above items. See also BR comments in Doc 15 relating to providing the minimum information for the purposes of establishing an “interference protection envelope”.

12.5
Relax the current value of the (T/T threshold (6%) to a more realistic level.
7.
Short - Medium

This would not reduce the time taken for analysis using APS8, but would reduce the number of administrations/networks involved in coordination..

12.6
Introduce emergency administrative Due Diligence procedures specific to backlog.
7.
Short - Medium 



12.7
Make self-identification mandatory for administrations and eliminate the BRs requirement to identify the recipients of coordination requests
7, 8, 12.
Short - Medium
There is interest in this proposal but also concern on the impact it may have on the workload of administrations and the BR.
This is for Administrations to decide – it is one possible approach. Processing workload of the bureau would be reduced but there could well be an associated increase in the number of assistance requests to the BR to aid in identification.

12.8
After one round of cross-checking with administrations delete filings for alternate locations of a network/ relating to alternate or standby bands.
8.
Short - Medium

Its effect depends on the willingness of administrations to eliminate some of their current filings. It would impose additional workload on the BR. 

12.9
Conversion of hard limits to trigger limits.
9.
Short

If the BR has to identify coordination requirements, it is additional work.

12.10
Multilateral coordination meetings.
10, 11.
Short
Support for enhancing the status of multilateral meetings.
No effect on the workload of the Bureau.

12.11
Date of bringing into use
10, 11.
Short
Support for clarifying the definition.
It might reduce disputes among administrations, which the Bureau has to bring to the attention of the RRB.

12.12
Processing charges for satellite networks
10, 11.
Short - Medium
Support for filing charges.


12.13
Single step request for coordination process
11.
Medium - Long



13
Noting deficiencies in the effect of Resolution 49 (WRC-97), consider again the concept of financial due diligence
7, 8, 9, 12, 13.
Medium - Long
The majority agree that this proposal is premature. Also some consider modification of administrative due diligence would be more appropriate.
See BR comments in Doc 15. It could lead to a reduction in unnecessary filings in the long run and thus reduce the workload of the Bureau.
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GSO NETWORK COORDINATION

1
Introduction

In the context of discussions concerning the improvement to satellite coordination and notification procedures (PP Resolution 86, Minneapolis 1998), the Conference Preparatory Meeting (CPM) for WRC-2000 considered, among other things, the feasibility of using a fixed coordination arc as a trigger for coordination and the separation of uplinks and downlinks when determining the need for coordination (paragraphs 7.5.2.2 and 7.5.2.3 of CPM Report refer). In this document the Bureau presents information related to those two items. 

2
Coordination arc - (T/T with network separation
To simplify the complex calculations of Appendix S8 (formerly Appendix 29), which in addition require detailed network data, paragraph 7.5.2.2 of the CPM Report discusses the possibility of using a fixed coordination arc around the incoming network to trigger coordination with all networks in that arc that have frequency overlap. Possible initial use of such a method is suggested for the fixed-satellite service in certain frequency bands which accounts for the major volume of notices. For networks outside the coordination arc, the method might be complemented by a self‑identification, by the responsible administration and on the basis of Appendix S8, of the need to include additional networks in the coordination process.

The complexity of the current process rests in fact with the complexity and the amount of data submitted for various satellite networks, only part of which is needed for application of Appendix S8, and with the total number of existing satellite networks against which an incoming network needs to be examined. Nevertheless, once the data set for a network is made ready for use, the Appendix S8 (ApS8) computer program, developed by the BR, performs in a reasonable amount of time the enormous volume of calculations required.

The use of a coordination arc, instead of the current (T/T coordination trigger criterion of 6%, would reduce the coordination burden on administrations only if the arc is sufficiently small. The values suggested in the CPM Report are in the range of 7-8 degrees. It is therefore of interest to see to what extent values of (T/T > 6% are found for larger angular separations. Figure 1 below shows a scatter plot of (T/T values as a function of the separation angle between satellites for 34 examined geostationary networks. Each point in the plot represents one satellite network with the worst (T/T value found by Appendix S8 program (that is not the absolute worst (T/T value). The (T/T axis is shown in decibels over 6%. The majority of the 34 examined networks are FSS networks and in any case all of them have FSS component. About 10 of them are combined FSS/MSS or FSS/BSS networks. The number of existing networks with which they require coordination is 450. All of these 450 networks are either FSS or have an FSS component, and about 70 of them are combined FSS/MSS or FSS/BSS networks.
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Figure 1

Scatter plot of (t/t versus longitude separation between two satellites

Figure 2 below shows a histogram of the number of networks with (T/T > 6% as a function of the separation angle. These plots show that the correlation between (T/T and the separation angle is weak beyond 20 degrees and that quite high values of (T/T exist for large separation angles.
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Figure 2

Histogram of the number of network with (T/T > 6% as a function of the separation angle in bins of 10 degrees (0-10; >10-20; >20-30; …; >140-150; >150-163)

3
Separation of uplink and downlinks in (T/T calculation

When simple frequency-changing transponders are used on the geostationary space station, Radio Regulations require the submission of overall link characteristics data, i.e. connection (strapping) between the uplink and downlink frequencies and transmission gains and the associated equivalent link noise temperatures. The amount of such data for some networks is considerable and any error in these data slows down the preparation of networks for examination. Also, the need to aggregate the up-link and the down-link noise for such networks in the application of Appendix S8 produces an enormous number of combinations of up- and down-link frequencies that need to be processed, which increases considerably the ApS8 program running time. If up- and down-links were to be treated separately, the ApS8 examination program would be simplified and would run much faster.

Such separation can be made in one of the following two ways:

1)
abandoning overall link characteristics altogether and calculating (T/T separately at the satellite ((Ts/Ts) and at the earth station ((Te/Te); or

2)
retaining overall link characteristics for separate calculation of up-link and down-link (T/T at the output of the link (i.e. ((Ts/T and (Te/T), but without aggregating them.

\Some differences and similarities of the above two approaches are indicated below, with the support illustration in Annex 1. Both separation methods imply low probability of not detecting some groups of frequency assignments with the aggregate (T/T > 6%, with the upper limit on such cases being 12% (3 dB above 6%). This is more pronounced for separation method 1. On the other hand, one network has many groups of frequency assignments and an administration usually has more than one network, which together work to further reduce the probability to omit an administration from coordination. And once an administration is involved in coordination it keeps the possibility to coordinate the details of its networks with the incoming network. Separation method 1 can unnecessarily involve additional networks and administrations in coordination, which separation method 2 cannot. Separation method 1 simplifies overall data requirements, as discussed in paragraph 7.5.2.3 of the CPM Report, which method 2 does not.

To estimate the effects on Appendix S8 program running time and on the resultant coordination requirements, the Bureau conducted a test, the results of which are presented below.

Along with the production version of the ApS8 program, which uses overall link characteristics and aggregates up- and down-link (T/T values at the output of the link, two modified versions of the program were prepared corresponding to separation method 1 and 2 above. Networks used for the test were selected to well represent the variety of networks that administrations submit: large and small networks, those that have and those that do not have overall link characteristics, those that use popular frequency bands and those that do not, as shown in Table 1.

Table 1

Networks used in the test



Frequency Bands Used (GHz)

Network
STRAPS
6/4
14/11
Other

INTELSAT9-x
Yes
x
x


SB-SAT-x
No


x

INMARSAT-3-x
Yes
x

x

N-SAT-x
No
x
x
x

SATCOM-x
Yes


x

MEASAT-ROUTE-x
Yes


x

All 6 networks were examined on the same server with the production version of the ApS8 program as a benchmark (results shown under “Up+Down”) and with the two modified versions for the two methods of separation of up- and down-links. Results concerning running times and improvement factors are shown in Table 2. It should be noted that the running time depends on the PC used, while the improvement factor does not.

Table 2

Test running times and improvement factors


Up+Down
Separation Method 1
Separation Method 2

Network

Examined
CPU Time
CPU Time
Improvement

Factor
CPU Time
Improvement

Factor

INTELSAT9-x
38h11min
3h06min
12.3
3h55min
9.7

SB-SAT-x
3h15min
3h12min
1.02
3h13min
1.01

INMARSAT-3-x
3h30min
3h14min
1.08
3h16min
1.07

N-SAT-x
28h46min
4h06min
7.0
4h45min
6.1

SATCOM-x
3h38min
3h35min
1.01
3h35min
1.01

MEASAT-ROUTE-x
3h15min
3h11min
1.02
3h11min
1.02

Results show that any of the two separation methods carries great potential for reducing the ApS8 running time (about an order of magnitude) for cases that currently run longest and brings all cases to roughly about the same running time.

Coordination requirements resulting from the three versions of the ApS8 program are compared in Table 3.

Table 3

Comparison of coordination requirements

- Aggregation versus separation of up- and down-links -



Comparison of Coordination Requirements



Administrations
Networks

Networks Examined

Separation Method 1
Separation Method 2
Separation Method 1
Separation 
Method 2


UP + DOWN
14

14

92

92


MEASAT-ROUTE-x
OMITTED
-

-

-

-



ADDED
1
+7%
-

5
+5%
-



SEPARATE
15

14

97

92



UP + DOWN
25

25

163

163


SB-SAT-x
OMITTED
-

-

-

-



ADDED
-

-

4
+2%
-



SEPARATE
25

25

167

163



UP + DOWN
7

7

50

50


SATCOM-x
OMITTED
-

-

-

-7
-14%


ADDED
-

-

4
+8%
-



SEPARATE
7

7

54

43



UP + DOWN
31

31

227

227


INMARSAT-3-x
OMITTED
-

-

-

-1
-0.4%


ADDED
2
+6%
-

44
+19%
-



SEPARATE
33

31

271

226



UP + DOWN
41

41

741

741


N-SAT-x
OMITTED
-

-

-

-



ADDED
1
+2%
-

9
+1%
1
+0.1%


SEPARATE
42

41

750

742



UP + DOWN
34

34

372

372


INTELSAT9-x
OMITTED
-

1
-3%
4
-1%
11
-3%


ADDED
5
+15%
-

97
+26%
-



SEPARATE
39

33

465

361



UP + DOWN
152

152

1645

1645


(All the above
OMITTED
-

-1
-0.7%
4
-0.2%
19
-1.2%

networks)
ADDED
9
+6%
-

163
+10%
1
+0.1%


SEPARATE
161

151

1804

1627


Results in Table 3 indicate that separation method 1 would increase by about 5-6% the number of administrations involved in coordination and by about 10% the number of networks involved in coordination. The single case of an added network with separation method 2, which is not in line with the theory, is under study. As expected, omissions are much fewer in number.

The above results of this test agree quite well with an earlier study by the Bureau. In that study, a review of coordination requirements for 44 examined geostationary networks, for which the requirement to coordinate with 450 networks was established, revealed that only one administration would have been potentially omitted (for an aggregate (T/T of 6.1%) if up- and down-links were separated by separation method 1.

Annex: 1

ANNEX 1

Illustration of aggregation or separation of up- and down-links
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With separation method 2, an aggregate (T/T point (like points X and Y above) separates into two separate points representing its coordinates on the two axes.

With separation method 1, an aggregate (T/T point separates into two points on the two axes. These two points are shifted towards the increasing direction along the axes.

1)
Triangle ABC – Cases of aggregate (T/T values that will not be detected by separation method 2 and may be missed or not missed by Separation method 1. For cases not detected, the aggregate (T/T is always less than 12%.

2)
Triangle OAB – Separation method 2 will never indicate need for coordination, while separation method 1 may (but need not) unnecessarily indicate it.
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		119.5

		120

		120.6

		123

		124.4

		124.5

		125

		125

		125.1

		129

		131

		131.5

		132.5

		140.3

		145

		146

		148

		152
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Page &P

log dT/T

Network separation (degrees)

10LOG((DT/T)/6)

DT/T as a function of network separation

57.376643304

55.2287874528

47.6910357767

52.958199067

51.1715649082

73.1515834432

59.2252910767

51.6744066278

51.0758169213

47.6913652626

39.5803761747

38.1355641566

48.8341429955

29.6550743457

36.7281139327

13.9825837457

55.3444918888

40.8887665285

38.1441941446

36.709757141

36.6808991778

29.2264502564

22.1159659748

22.0520887654

22.0520887654

52.3507792737

51.7702437989

45.925655786

44.4189208109

33.6214273518

20.0914624457

0.5817286532

39.9801959636

47.3217060382

44.2081959717

43.0822659246

39.3269204088

29.2267097319

28.1300466024

25.7159626548

22.029104183

36.025199189

34.7869945688

32.1903454326

24.647502843

24.6412425264

20.8880916646

24.3456890403

17.3010905513

12.4233433541

8.5803564482

21.398790864

34.9106599275

31.3333075906

26.9943734319

24.4481220427

17.2422123793

37.6190128904

32.1322192873

31.8974430309

25.929997667

22.3180928109

18.1992761215

17.9589159838

17.1931747333

0.4073416421

29.6737790665

23.2539934334

21.7261752419

17.2257908391

14.5209324902

13.1217735644

10.8576612657

11.773440788

33.2888700328

33.0767036253

20.8098104003

13.1541050718

10.1696373525

17.5932782898

31.1045334062

29.9174721171

25.4299131485

22.9539481397

15.9119450475

15.8027856255

12.3586497887

9.8572578111

6.0673954615

30.1751677952

24.3256311846

12.0439133192

6.9591925283

31.7347521614

21.4256152278

19.6804687861

17.0731463359

15.3838519702

12.13517757

9.9548894288

7.5991953666

2.3299611039

14.3954320982

28.3837677478

17.7851301174

16.690222912

14.3798825022

4.4999235721

47.6599651071

20.9491346673

19.0531006212

16.9418093318

16.5558659014

13.3051523217

9.469432707

5.4220278243

21.5991292722

12.4054924828

9.4026739145

6.652682114

6.4394591275

50.0833539852

46.5680556718

16.9012221414

11.5921616713

8.2919652638

0.1353939864

8.3186977428

20.7643410782

11.849751907

3.2599430017

23.6359944596

13.382240108

20.5198171537

16.8361731339

13.9304846642

5.8901823815

1.8136712659

10.1598810538

13.2156391197

13.2156391197

20.5860314809

17.7196698589

17.2262021353

8.8864743328

24.9010368847

14.0412070631

8.7409509062

3.347887257

2.6007138799

2.5366102095

1.4612803568

0.9458757709

43.3737232714

24.2774569935

21.0230790444

17.5061123513

8.2271278593

4.8784512011

4.5535250996

4.4793286559

1.6633142177

9.642596302

15.8164630065

10.4007464323

23.3581548638

15.7491825228

2.8929159239

47.4207780164

8.6183299766

14.9014583684

12.1400446066

11.6410490004

18.7039415013

13.6071960694

9.0687353472

22.2434310895

14.6575451983

6.3228853583

1.8610837981

1.1671840636

16.7611416393

3.4667889903

36.5021213628

23.9167301587

5.3613741056

3.6329852302

0.0432137378

6.1717514269

17.185708826

14.4399271912

18.1732292548

14.5227212351

5.1343957527

20.1786771896

17.2950226308

14.2458220766

4.2433706668

13.8207710681

6.6102348946

4.0625623503

6.6573729639

2.9994290002

11.7926446434

5.565035165

1.2112193693

8.8930170251

33.2234715151

17.8474801295

15.2960143748

6.9925943752

3.8201704257

18.590081296

36.3898450281

27.8982505157

10.3682843338

5.0310943667

1.3672056716

5.0060235057

0.7493827947

0.280287236

15.4569875346

8.9357683786

6.3262598299

2.8780172993

11.3698465624

16.9344846576

8.8573804824

3.6204242819

25.6645909835

9.3052454234

6.6165496101

6.1207711209

23.2727717714

3.9967372148

2.0321425869

9.4784200854

3.9503501803

11.6554107672

9.4134576623

3.856062736

6.9372694892

3.4765520776

2.5001316904

7.3785498

6.3732291773

4.0739090447

25.1284664834

22.2778390085

13.6270233094

32.1648303705

21.7541033083

0.4986381384

2.5767857487

10.7761012196

12.919605324

2.8292407325

5.4654266348

1.414497734

6.0386579219

7.386484537

6.9766516265

5.2179164964

5.241796783

2.69123617

30.7207948052

4.9669906963

1.1561051167

7.2071043861

5.9787793134

2.8443073384

4.5357313294

3.7260518948

1.9728055813

12.5755858744

11.9145101446

9.1142396538

8.1413656557

10.6352099969

0.0860017176

0.916669576

0.1283722471

7.4741180789

9.8565097369

4.4612276391

0.8990511144

9.1504789477

0.0717858463

2.7029055317

5.0875410259

3.0891995552

30.7923070455

6.2974928976

0.7432874325

0.8635983067

12.9406187222

9.7405090279

10.6526841482

1.4664474541

1.2872228434

0.881360887

2.659963705

15.1598416874

8.3505610172

4.4012160319

2.5406445291

1.4767632424

9.5584803615

8.2271278593

1.9819872862

13.2568666564

7.3692742469

1.692824715

11.4962959896

7.9192445494

10.1647619428

9.1151271463

7.2263392253

10.6787642498

4.9531302224

9.3601079572

7.5663610825

11.6835014019

5.9842570667

20.0263395458

1.6731733475

3.470045792

15.1629292981

2.6007138799

1.254812657

9.8392683695

8.4083766998

5.4012082983

2.3341919321

0.5115252245

3.0319605742

2.7415784926

0.1142946178

3.0283579653

1.85164261

0.4073416421

0.2118929907

9.362623419

12.8683057131

20.049229493

0.0788995986

11.6776026644

1.2872228434

0.1980839335

15.6239200713

0.6195484407

12.1094244223

0.5179544556

9.09645161

4.3589742903

15.1638110696

5.9328606702

14.4524084207

1.2872228434

7.8414161407

0.239380075

4.4117125804

9.0768002424

4.6014581749

2.4510120925

6.8214507637

0.916669576

0.3140846425

0.1072386539

24.4250328618

0.9633056732

14.4524084207

9.3247376468

4.4117125804

6.935804011

6.4607682031

5.2633927739

0.8338316048

8.9689348557

0.7310709834

0.2666942834

3.7229815908

3.6579986604

19.6071647525

0.0360412427

0.7978401434

1.0209052551

10.8937516082

7.0728623069

4.904267215

0.1842308283

8.5883785143

6.6070740904

5.6781029143

8.4746983104

0.9458757709

1.3830269817

9.2685670895

5.8621210423

0.4270673906

1.6086852607

10.6025702811

8.3293448303

8.7312676361

0.2734960777

3.1421844925

12.7802917296

4.9019266357

8.3968749733

4.3082726689

11.1232565858

6.4525847735

5.605044152

0.7736790528

2.4756413352

4.9945796392

8.0595372002

3.4830486305

0.1633679628

8.9762709129

7.196074679

11.6568937602

7.3091679463

0.6383355421

4.651348957

2.1528498011

5.5469101661

3.2187447972

17.750276001

3.2152939073

0.9575034748

6.2013605497

7.907541646

2.4592373692

11.4218082116

2.1923513401

6.1066016309

6.640148354

5.1697583487

0.0360412427

3.2083838902

3.2837960344

0.9633056732

2.4262423781

0.0860017176

1.2166925204

19.7742635473

4.8760966633

20.4113598075
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		Separation		log dT/T		dT/T (%)

		0		57.38		3279560

		0		55.23		2000000

		0		47.69		352577.69

		0.2		52.96		1185690

		0.2		51.17		785792.25

		0.5		73.15		123968000

		0.5		59.23		5019730

		0.5		51.67		882250.5

		0.5		51.08		768657.63

		0.5		47.69		352604.44

		0.5		39.58		54473.95

		0.5		38.14		39057.79

		0.7		48.83		458738.88

		0.7		29.66		5541.9

		0.8		36.73		28246.37

		0.9		13.98		150.11

		1		55.34		2054000

		1		40.89		73625.44

		1		38.14		39135.48

		1		36.71		28127.23

		1		36.68		27940.95

		1		29.23		5021.07

		1		22.12		976.67

		1		22.05		962.41

		1		22.05		962.41

		1.5		52.35		1030930

		1.5		51.77		901935.81

		1.5		45.93		234810.13

		1.5		44.42		165975.25

		1.5		33.62		13813.19

		1.5		20.09		612.77

		1.5		0.58		6.86

		1.7		39.98		59727.02

		2		47.32		323833.56

		2		44.21		158114.19

		2		43.08		122005.06

		2		39.33		51385.82

		2		29.23		5021.37

		2		28.13		3900.82

		2		25.72		2237.42

		2		22.03		957.33

		2.5		36.03		24025.43

		2.5		34.79		18065.53

		2.5		32.19		9935.41

		2.5		24.65		1749.45

		2.5		24.64		1746.93

		2.5		20.89		736.14

		3		24.35		1632

		3		17.30		322.3

		3		12.42		104.83

		3		8.58		43.27

		3.3		21.40		828

		3.5		34.91		18587.34

		3.5		31.33		8156.09

		3.5		26.99		3003.23

		3.5		24.45		1670.95

		3.5		17.24		317.96

		4		37.62		34677.88

		4		32.13		9803.32

		4		31.90		9287.43

		4		25.93		2350.45

		4		22.32		1023.2

		4		18.20		396.35

		4		17.96		375.01

		4		17.19		314.39

		4.4		0.41		6.59

		4.5		29.67		5565.82

		4.5		23.25		1269.26

		4.5		21.73		892.83

		4.5		17.23		316.76

		4.5		14.52		169.92

		4.5		13.12		123.12

		4.5		10.86		73.1

		4.8		11.77		90.26

		5		33.29		12794.94

		5		33.08		12184.89

		5		20.81		722.99

		5		13.15		124.04

		5		10.17		62.39

		5.8		17.59		344.73

		6		31.10		7737.57

		6		29.92		5887.06

		6		25.43		2094.8

		6		22.95		1184.53

		6		15.91		234.07

		6		15.80		228.26

		6		12.36		103.28

		6		9.86		58.06

		6.4		6.07		24.26

		6.5		30.18		6246.95

		6.5		24.33		1624.48

		6.5		12.04		96.06

		6.5		6.96		29.79

		6.7		31.73		8945.95

		7		21.43		833.13

		7		19.68		557.44

		7		17.07		305.82

		7		15.38		207.27

		7		12.14		98.1

		7		9.95		59.38

		7		7.60		34.52

		7		2.33		10.26

		7.5		14.40		165.08

		8		28.38		4135.5

		8		17.79		360.3

		8		16.69		280.01

		8		14.38		164.49

		8.5		4.50		16.91

		9		47.66		350064.25

		9		20.95		746.56

		9		19.05		482.46

		9		16.94		296.71

		9		16.56		271.48

		9		13.31		128.43

		9		9.47		53.1

		9		5.42		20.91

		9.5		21.60		867.09

		9.5		12.41		104.4

		9.5		9.40		52.29

		9.5		6.65		27.76

		9.5		6.44		26.43

		10		50.08		611627

		10		46.57		272243.06

		10		16.90		293.95

		10		11.59		86.57

		10		8.29		40.49

		10		0.14		6.19

		10.45		8.32		40.74

		11		20.76		715.46

		11		11.85		91.86

		11		3.26		12.71

		11.2		23.64		1385.96

		11.2		13.38		130.73

		11.5		20.52		676.29

		11.5		16.84		289.58

		11.5		13.93		148.32

		11.5		5.89		23.29

		11.5		1.81		9.11

		11.6		10.16		62.25

		12		13.22		125.81

		12		13.22		125.81

		12.2		20.59		686.68

		12.5		17.72		354.91

		12.5		17.23		316.79

		12.5		8.89		46.43

		13		24.90		1854.62

		13		14.04		152.15

		13		8.74		44.9

		13		3.35		12.97

		13		2.60		10.92

		13		2.54		10.76

		13		1.46		8.4

		13		0.95		7.46

		13.5		43.37		130473.88

		13.75		24.28		1606.56

		14		21.02		759.38

		14		17.51		337.88

		14		8.23		39.89

		14		4.88		18.45

		14		4.55		17.12

		14.4		4.48		16.83

		14.4		1.66		8.8

		14.6		9.64		55.26

		15		15.82		228.98

		15		10.40		65.8

		15.5		23.36		1300.07

		16		15.75		225.46

		16		2.89		11.68

		16.5		47.42		331305.81

		16.6		8.62		43.65

		17		14.90		185.48

		17		12.14		98.21

		17.4		11.64		87.55

		17.5		18.70		445.19

		17.5		13.61		137.68

		17.8		9.07		48.42

		17.9		22.24		1005.76

		18		14.66		175.35

		18		6.32		25.73

		18		1.86		9.21

		18		1.17		7.85

		18.5		16.76		284.62

		18.7		3.47		13.33

		19		36.50		26814.11

		19		23.92		1478.51

		19		5.36		20.62

		19		3.63		13.85

		19		0.04		6.06

		19.3		6.17		24.85

		20		17.19		313.85

		20		14.44		166.78

		20.5		18.17		393.98

		21.5		14.52		169.99

		21.5		5.13		19.57

		21.7		20.18		625.2

		22		17.30		321.85

		22		14.25		159.49

		22		4.24		15.94

		22.1		13.82		144.62

		22.2		6.61		27.49

		22.2		4.06		15.29

		22.5		6.66		27.79

		22.9		3.00		11.97

		23		11.79		90.66

		23.5		5.57		21.61

		24		1.21		7.93

		24.5		8.89		46.5

		25		33.22		12603.71

		25		17.85		365.51

		25		15.30		203.12

		25		6.99		30.02

		25		3.82		14.46

		25.9		18.59		433.67

		26		36.39		26129.78

		26		27.90		3698.08

		26		10.37		65.31

		26		5.03		19.11

		26.5		1.37		8.22

		28		5.01		19

		28		0.75		7.13

		28.7		0.28		6.4

		29		15.46		210.79

		29		8.94		46.96

		29		6.33		25.75

		29		2.88		11.64

		29.5		11.37		82.25

		29.7		16.93		296.21

		30		8.86		46.12

		30		3.62		13.81

		32		25.66		2211.11

		32		9.31		51.13

		32.5		6.62		27.53

		32.5		6.12		24.56

		33.5		23.27		1274.76

		33.5		4.00		15.06

		33.5		2.03		9.58

		34		9.48		53.21

		34		3.95		14.9

		34.5		11.66		87.84

		34.5		9.41		52.42

		34.8		3.86		14.58

		35		6.94		29.64

		35.5		3.48		13.36

		36		2.50		10.67

		36.3		7.38		32.81

		36.5		6.37		26.03

		36.5		4.07		15.33

		37		25.13		1954.33

		37		22.28		1013.76

		37		13.63		138.31

		38.5		32.16		9877.21

		38.5		21.75		898.59

		38.5		0.50		6.73

		38.9		2.58		10.86

		39		10.78		71.74

		40		12.92		117.52

		40		2.83		11.51

		40.1		5.47		21.12

		41		1.41		8.31

		41.5		6.04		24.1

		42		7.39		32.87

		42		6.98		29.91

		42		5.22		19.95

		42.5		5.24		20.06

		42.7		2.69		11.15

		43		30.72		7083.22

		43		4.97		18.83

		43		1.16		7.83

		44		7.21		31.54

		44		5.98		23.77

		45		2.84		11.55

		45.5		4.54		17.05

		45.5		3.73		14.15

		45.5		1.97		9.45

		46		12.58		108.57

		46.2		11.91		93.24

		47		9.11		48.93

		47		8.14		39.11

		47.1		10.64		69.45

		47.75		0.09		6.12

		49		0.92		7.41

		49		0.13		6.18

		49.6		7.47		33.54

		50		9.86		58.05

		50.7		4.46		16.76

		51.3		0.90		7.38

		51.5		9.15		49.34

		51.5		0.07		6.1

		51.9		2.70		11.18
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log dT/T

Network separation (degrees)

10LOG((dT/T)/6)

dT/T as a function of network separation
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