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To : 
ECC PT1 (Mr. Chauveau, Email: chauveau@anfr.fr)

Copy : 
WG SE (Mr. Espinosa, Email: espinosa@anfr.fr)

Dear Didier, 


SE21 would like to thank ECC PT1 for the Liaison Statements concerning the work item on compatibility between radars in 2700-2900 MHz and the mobile service in the band 2500-2690 MHz. Additional information on mobile system characteristics submitted by ECC PT1 in the Annex 2 to that LS as well as some new information on radars were considered by SE21 and included into newly update list of input parameters (see Attachment 1).

At the same time please be informed that SE21 would like to understand what is the motivation to use 5 – 7 dB Peak-to-Average Power Ratio (PAPR) value in compatibility study to assess short-term interference. Also it is unclear whether the same value of PAPR can be used for both base station and user terminal equipment as well as what percent of time should be consider as short-term.

SE21 noted that ECC PT1 did not yet finalize its work on identification of protection criteria for mobile base stations and user equipment from pulse radar emissions and correspondence group will continue its work on this matter and provide protection criteria as well as results regarding interference from radars to mobile equipment to the 78th meeting of SE21 scheduled at 29 – 31 August 2011.


Following the request of ECC PT1 some additional information is also submitted by SE21 to study radar interference to mobile base stations and user equipment (see Attachment 2).

Best regards,


Alexander Klyucharev


Chairman SE21

Attachment 1: Newly update list of relevant parameters (Annex 3 to doc. SE21(11)032).
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Attachment 2: Additional information requested by ECC PT1 to study radar interference to mobile base stations and user equipment (Annex 6 to doc. SE21(11)032).



[image: image3.emf]E:\_CEPT\WG SE\ PT_SE21\2011_05\Report\SE21(11)032 Annex 6_Additional information requested by ECC PT1.doc




N











1

1



_1367445424.doc

TEMP 1





A preliminary list of relevant parameters and working assumptions


Scenario 1) (#3 in Report)


Interference from Base station of MS to Radar 



General parameters:



· Radar antenna gain, antenna pattern, antenna height, polarization, feeder losses and minimum elevation angle.



· Base station of MS antenna gain, antenna pattern, antenna height, polarization, feeder losses, minimum elevation angle and [direction of max. antenna gain].



· Propagation conditions following Rec. P.452 (including multipath propagation)


· Deployment of Base station of MS [(for example aggregate effect of the location of some Base stations at the same tower)]


Table 1.1


			Parameters


			Civil aviation and military radars


			Meteorological radars





			


			France


			UK


			Portugal


			France





			Maximum antenna gain


			Type 1 >40dBi



Type 2 = 33dBi



Type 3 = 34dBi


			Type 4 = 34 dBi



Type 5 = 33.5 dBi



Type 6 = 35 dBi


			34 dBi


			43





			Antenna pattern


			Vertical pattern cosecant-squared


			Vertical pattern cosecant-squared


			Vertical pattern cosecant-squared


			(Rec ITU-R F.1245)





			antenna height, m


			5 – 40 (normal 12)


			5 – 40 (normal 12)


			35


			7 to 21 (13 average)





			polarization


			Circular


			Circular


			Circular





			H / V





			feeder losses, dB


			< 1






			?


			3


			1





			minimum elevation angle


			Type 1 - Not given


Type 2 - 2° (Rec. ITU-R M.1851)


Type 3 - 2° (Rec. ITU-R M.1851)


			Type 4 - 2°



Type 5 - 2°



Type 6 - 2°


			2.8º with 1.4º of beamwidth


			0.5°








Table 1.2


			Parameters


			LTE


			WiMAX





			Max Antenna gain dBi (3-sector sites assumed for macro)


			18 dBi


			18 dBi





			antenna pattern


			ITU-R F.1336 – 2 (typical parameters) (peak – for worst  case and average – for statistic analysis)


(vertical antenna pattern need to be checked – see draft revision of Rec. ITU-R F.1336-2)


			ITU-R F.1336 – 2 (typical parameters) (peak – for worst  case and average – for statistic analysis)





			Power reduction in a statistical analysis (many interfering base stations)


			3 dB (assuming that base stations will be transmitting roughly 50% of the time) 


			3 dB (assuming that base stations will be transmitting roughly 50% of the time)





			antenna height


			45(rural), 30(urban)


			45(rural), 30(urban)





			Polarization 


			± 45° cross-polarized


			± 45° cross-polarized





			feeder losses


			3 dB


			3 dB





			tilt of antenna (degrees down)


			2.5° (for rural) and 5° (for urban)


			2.5° (for rural) and 5° (for urban)





			Deployment of Base station of MS (worst case)


			Macro, urban and rural


			Macro, urban and rural





			Cell radius (sectorised cells) Rs


			4330 m (rural), 220 m (urban)


			4330 m (rural), 220 m (urban)





			Intersite distance ISD


			12990 m (rural), 660 m (urban)


			12990 m (rural), 660 m (urban)








a) unwanted emissions of Base station of MS to in-band Radar


Specific parameters:



· protection level of radar expressed in 1 MHz (including I/N protection criteria of at least -10 dB as recommended in ITU-R Recommendation M.1464-1);


· unwanted emission mask (limit) of Base station of MS specified in EN standards or ITU-R Recommendations;



Table 1.3


			Parameters


			Civil aviation and military radars


			Meteorological radars





			


			France


			UK


			Portugal


			France





			protection level of radar expressed in 1 MHz


			- 122 dBm/MHz


			- 122 dBm/MHz


			- 99.5 dBm/200 MHz or -122 dBm/MHz


			- 122 dBm/MHz








Table 1.4


			Parameters


			LTE


			WiMAX





			unwanted emission mask (limit) of Base station of MS4)


			Reference: ETSI EN 301908



-30 dBm/MHz (Spurious emission limits (mean power or, when applicable, average power during bursts duration in the reference bandwidth))


			Reference: ETSI EN 302544-1



-30dBm/MHz  [See note 3]








NOTE 3: For Mobile WiMAX TDD systems operating in the exceptional frequency arrangement and Mobile WiMAX  FDD Base Stations, the unwanted emission spectrum mask and ACLR specification for 10MHz systems could extend to 2710MHz if operating in the uppermost 10MHz channel below 2690MHz.


NOTE 4: The tests of some pre-production equipment indicate that it is possible to design MS equipment which performs significantly better than the level given in ERC Recommendation 74-01 and ETSI EN 301908.



b) Blocking in-band Based station of MS emissions into Radar



Specific parameters:



· Sensitivity mask of Radar as a function of  frequency offset between in-band emissions of Base stations of MS and Radar receiving band (this parameter may be derived based on real measurement) and maximum transmitter power of Base station of MS;


· 1dB compression point (it is corresponding to the saturation level of Radar) and maximum transmitter power + peak to average ratio of transmitter power of Base station of MS


Table 1.5


			Parameters


			Civil aviation and military radars


			Meteorological radars





			


			France


			UK


			Portugal


			France





			Sensitivity mask of Radar as a function of  frequency offset


			see Figure 1 (Radar 1 = Type 2 and Radar 2 = Type 3)



Type 1 - ?


			?


			?


			?





			1dB compression point*)


			-20 dBm (as an example in ITU-R Rec. M.1464)


			-20 dBm


			?


			+10 dBm – saturation level








Note *): There is information that -39 dBm value was measured on the radar at airport Graz/Thalerhof, Austria (see ECC Report 006).


Impact of LTE signals in the adjacent band of radars: blocking characteristic of radars
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Figure 1: Maximum LTE signal level at the radar antenna port



Note: some justifications are needed in relation of values in the range between 0 and 25 MHz offset. France will submit relevant information just after this SE21 meeting (May 2011) by correspondence.


Table 1.6


			Parameters


			LTE


			WiMAX





			maximum transmitter power of Base station of MS (dBm)


			43 for BW =  5 MHz



46 for BW = 10 MHz



46 for BW = 20 MHz


			43 for 5/10MHz BW









			peak to average ratio of transmitter power of Base station of MS, dB*)


			14 or 5 ÷ 7 (for short-term interference YY%)


			14 or 5 ÷  7 (for short-term interference YY%)








*) SE21 requested ECC PT1 to explain the motivation to use 5 – 7 dB Peak-to-Average Power Ratio (PAPR) value in compatibility study (see Annex 5 to SE21(11)032).


Scenario 2) (#4 in Report)



Interference from User Terminal of MS to Radar 



General parameters:



· Radar antenna gain, antenna pattern, antenna height, polarization, feeder losses and minimum elevation angle (as for Scenario 1 above);


· User Terminal of MS antenna gain (Omnidirectional), antenna height, polarization.



· Propagation conditions Hata model and free space; 



· Deployment of User Terminal of MS (for example aggregate effect of the location of some User Terminal around one Base station)



Table 2.1


			Parameters


			LTE


			WiMAX





			Antenna type


			Omnidirectional


			Omnidirectional





			Antenna gain (dBi)


			0


			0





			Antenna height (m)


			1.5


			1.5





			Polarization 


			Linear


			Linear





			Number of simultaneously transmitting users/cell [Note 1]


			2


			2





			Distribution of terminal’s output power between active users (for aggregate analyzes only) Note 2 


			?


			?








Note 1: In a statistical analysis involving interfering from many UEs, traffic load and power control must be taken into account. This can be obtained by simulating a mobile network incorporating traffic models and power control. 



Note 2: Aggregate interference scenario should be discussed separate from single interference case where at least one UT will operate with maximum transmitting power level.     



c) unwanted emissions of User Terminal of MS to in-band Radar


Specific parameters:



· protection level of radar expressed in 1 MHz (including I/N protection criteria of at least -10 dB as recommended in ITU-R Recommendation M.1464-1) (as for Scenario 1 above);



· unwanted emission mask (limit) of User Terminal of MS specified in EN standards and ITU-R or ECC Recommendations (where limits are more strict);



Table 2.2


			Parameters


			LTE


			WiMAX





			Spurious emission limits



(mean power or, when applicable, average power during bursts duration in the reference bandwidth)4)


			Reference: ETSI EN 301908



-30 dBm
/MHz


Applicable for 2700 – 2900 MHz in the non-exceptional case and from 2705/2710/2715 for 10/15/20 MHz in the exceptional case. 


			Reference: ETSI EN 302544-2



-30dBm/MHz 



 [See Note 3]








NOTE 3: For Mobile WiMAX TDD systems operating in the exceptional frequency arrangement the unwanted emission spectrum mask and ACLR specification for 10MHz systems could extend to 2710MHz if operating in the uppermost 10MHz channel below 2690MHz.


NOTE 4: The tests of some pre-production equipment indicate that it is possible to design MS equipment which performs significantly better than the level given in ERC Recommendation 74-01 and ETSI EN 301908


d) Blocking in-band User Terminal of MS emissions into Radar



Specific parameters:



· Sensitivity mask of Radar as a function of  frequency offset between in-band emissions of User Terminal of MS and Radar receiving band (this parameter may be derived based on real measurement) (as for Scenario 1 above) and maximum transmitter power of User Terminal of MS;



· 1dB compression point (it is corresponding to the saturation level of Radar) (as for Scenario 1 above) and maximum transmitter power + peak to average ratio of transmitter power of User Terminal of MS


Table 2.3


			Parameters


			LTE


			WiMAX





			maximum transmitter power of User Terminal of MS (dBm)


			23


			23





			peak to average ratio of transmitter power of User Terminal of MS


			?


			?








Scenario 3) (#1 in Report)



Interference from Radar to Base station of MS 



General parameters:



· Radar antenna gain, antenna pattern, antenna height, polarization, feeder losses and minimum elevation angle (as for Scenario 1 above);


· Base station of MS antenna gain, antenna pattern, antenna height, polarization, feeder losses, minimum elevation angle (as for Scenario 1 above);


· Propagation conditions following Rec. P.452 (including multipath propagation)



e) unwanted emissions of Radar to in-band Base station of MS



Specific parameters:


· unwanted emission mask of Radar specified according with existing Recommendations ERC 74-01 and ECC (02)05 and real test measurement radar emission masks if such information will be available;



· protection levels of Base station of MS (the work on this parameter has not been finished on how mobile systems are affected by the intermittent interference of radars and ECC PT1 will provide to SE21 the information required on this topic as soon as possible). To derive these levels specific set of pulse repetition ratio, pulse duration and rise and fall time of the pulse of radar should be identified;


· radar antenna rotation period and variation of elevation angles.



Table 3.1


			Parameters


			Civil aviation and military radars


			Meteorological radars





			


			France


			UK


			Portugal


			France


			Other location





			Transmitting power of radar


			Type 1 – 1 MW



Type 2 – 400 kW



Type 3 – 22 kW


			Type 5 – 60 kW



Type 4 – 750 kW



Type 6 – 30 kW



(all radar multi frequency)


			?


			89 dBm


			?





			Number of radars


			X (in 2.7 – 2.725 GHz) / Y (in 2.725 – 2.9 GHz)





			X (in 2.7 – 2.725 GHz) / Y (in 2.725 – 2.9 GHz)





			X (in 2.7 – 2.725 GHz) / Y (in 2.725 – 2.9 GHz)





			See doc. SE21(11)008


			X (in 2.7 – 2.725 GHz) / Y (in 2.725 – 2.9 GHz)








			unwanted emission mask of Radar


			Type 1 - ?



Type 2 - ?



Type 3 - ?


			See Table 3.2 below


			?


			See Annex 1


			?





			Bref (kHz)*


			Type 1 = 2500


Type 2 = 1000


Type 3 = 1000


			See Table 3.2 below


			?


			1000


			?





			B-40 (MHz) 


			Type 1 ( 9.5**


Type 2 ( 20**


Type 3 ( 24**


			See Table 3.2 below


			?


			See Annex 1


			?





			Roll-off


			20 dB/decade down to spurious level in the worst case (Rec. ITU-R SM.1541)


			Type 5, 6 = - 20 dB/decade (see Annex 2)


			?


			40 dB/decade down to spurious level


			?





			Spurious level


			- 60 dBc


			Type 5, 6 = - 60 dBc (see Annex 2)


			?


			- 60 dBc – for old radar or -75 dBc for new radar


			- 60 dBc – -90     (-100) dBc depends on Tx power (see Rec ERC 74-01)





			pulse repetition ratio


			Type 1 < 300 Hz



Type 2 = 1 kHz



Type 3 = 1 kHz


			Type 4 = 1 kHz



Type 5 = 1.1 kHz



Type 6 = 825 Hz


			?


			250 Hz – 1.2 kHz (staggered or PRT see Rec. M.1849)


			?





			pulse duration


			Type 1 = 20 and 100 μs



Type 2 = 1 μs



Type 3 = 1 μs 


			See Table 3.2 below


			?


			0.8 – 2 μs


			?





			rise and fall time of the pulse


			assumed < 1% pulse width (for Type 1)


assumed < 10% pulse width (for Type 2 and 3)





			Type 4 = 0.015 μs



Type 5 = 0.015 μs (for shirt pulse)



Type 6 = 0.169 μs (for shirt pulse)


			?


			10% of pulse duration


			?





			radar antenna rotation period (revolution per min)


			Type 1 = 6 ÷ 12 



Type 2 = 12 ÷ 15 (Rec. ITU-R M.1464)


Type 3 = 12 ÷ 15 (Rec. ITU-R M.1464)





			15 


			?


			See Rec. M.1849


			See Rec. M.1849





			variation of elevation angles


			Type 1 - not given


Type 2 and 3 - Generally not applicable (Rec. ITU-R M.1464)


			Constant in vertical


			?


			See Rec. M.1849


			See Rec. M.1849








*   Bref is derived from the pulse width



** Estimated from Recommendation ITU-R SM.1541


Civil aviation radar of UK (unwanted emission mask of Radar): 



Table 3.2


			


			


			


			Type 4


			Type 5


			Type 6





			Pulse Duration


			


			


			0.085 μs


			Short Pulse



(0.4 μs)


			Long Pulse



(40 μs)


			Short Pulse



(1 μs)


			Long Pulse



(100 μs)





			Compression Ratio


			


			


			


			


			100:1


			


			100:1





			RF Bandwidth


			- 3dB


			(MHz)


			1.2


			2.5


			?


			0.8


			0.8





			


			- 20 dB


			(MHz)


			5.2


			16.8


			?


			2


			1.4





			


			- 40 dB


			(MHz)


			22


			55


			?


			4


			2








Table 3.3



			Parameters


			LTE


			WiMAX





			protection levels of Base station of MS


			?


			?








f) Blocking in-band Radar emissions into Base station of MS


Specific parameters:


· Blocking level of Base station of MS (the work on this parameter has not been finished on how mobile systems are affected by the intermittent interference of radars and ECC PT1 will provide to SE21 the information required on this topic as soon as possible). To derive this level specific set of pulse repetition ratio, pulse duration and rise and fall time of the pulse of radar should be identified;



· Transmitting power of radar (see Sub-Section e) above);



· radar antenna rotation period and variation of elevation angles (see Sub-Section e) above)


Table 3.4


			Parameters


			LTE


			WiMAX





			Blocking level of Base station of MS


			?


			?








Scenario 4) (#2 in Report)



Interference from Radar to User Terminal of MS 



General parameters:



· Radar antenna gain, antenna pattern, antenna height, polarization, feeder losses and minimum elevation angle (as for Scenario 1 above);


· User Terminal of MS antenna gain (Omnidirectional), antenna height, polarization (as for Scenario 2 above);



· Propagation conditions Hata model and free space;



g) unwanted emissions of Radar to in-band User terminal of MS



Specific parameters:


· unwanted emission mask of Radar specified according with existing Recommendations ERC 74-01 and ECC (02)05 and real test measurement radar emission masks if such information will be available (see Sub-Section e) above);



· protection levels of User terminal of MS (the work on this parameter has not been finished on how mobile systems are affected by the intermittent interference of radars and ECC PT1 will provide to SE21 the information required on this topic as soon as possible). To derive these levels specific set of pulse repetition ratio, pulse duration and raise and fall time of the pulse of radar should be identified;



· radar antenna rotation period and variation of elevation angles (see Sub-Section e) above).



Table 4.1


			Parameters


			LTE


			WiMAX





			protection levels of User terminal of MS


			?


			?








h) Blocking in-band Radar emissions into User terminal of MS



Specific parameters:


· Blocking level of User terminal of MS (the work on this parameter has not been finished on how mobile systems are affected by the intermittent interference of radars and ECC PT1 will provide to SE21 the information required on this topic as soon as possible). To derive this level specific set of pulse repetition ratio, pulse duration and raise and fall time of the pulse of radar should be identified;



· Transmitting power of radar (see Sub-Section e) above);



· radar antenna rotation period and variation of elevation angles (see Sub-Section e) above).



Table 4.2


			Parameters


			LTE


			WiMAX





			Blocking level of User terminal of MS


			?


			?








Annex 1


Emission masks for S-Band meteorological radars



Assumptions:



· 0.8 µs pulse width


· 10% rise time



· OOB roll-off of 40 dB/decade


Resulting in:


· 25 MHz “40 dB bandwidth”



· Spurious domain starting at 94 MHz from the radar centre frequency
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Annex 2


Information on 


Out of Band Emissions and generic antenna pattern of Civil ATC radars (UK)


Out of Band Emissions



1. Radar (Type 6)



The centre frequencies of the 2 signals are 2784.5 & 2809.5 MHz and hence an offset will need to be applied to take account of the fact that the lowest assignable frequency is 2720 MHz.  
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2 
Radar (Type 5)



The centre frequencies of the 2 signals are 2765 & 2885 MHz and hence an offset will need to be applied to take account of the fact that the lowest assignable frequency is 2750 MHz.  
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Generic antenna pattern
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Annex 6 to SE21(11)032


Additional information requested by ECC PT1 to study radar interference to mobile base stations and user equipment


Following the request of ECC PT1 SE21 submitted some additional information to study radar interference to mobile base stations and user equipment:



Question 1: In document SE21(11)008 the position and frequencies of meteorological radars in Europe are presented. A similar document for different types of ATC radars listed in the draft documents of SE21 would be useful, preferably also information about radar bandwidths. Without such information it is difficult to estimate the magnitude of the radar interference problem and to determine which mitigation techniques, if necessary, are most efficient. 


Answer 1: All participants of SE21 meeting were requested to make effort to collect relevant information on ATC radars in their countries, in particular to identify the quantity of ATC radars operating in the band 2700 – 2725 MHz and above 2725 MHz. In some countries radar frequencies are classified and hence it may be difficult to provide exact frequencies. However, some administrations are indicated that they could provide this information for frequency bands 2700-2725 MHz, 2725-2750 MHz and etc. But this information for the military radars is unknown.



Question 2: Document SE21(11)20 provides examples of out-of-band and spurious performance of ATC radars.  Can it be assumed that these characteristics are typical and generally applicable to ATC radars in Europe? Is it possible to provide such information for the different radar types in the draft document of SE21 with parameters and assumptions?  


Answer 2: Specific measurements are not expected, however out-of-band and spurious levels of these radar will meet the existing regulatory requirements contained in ERC Rec 74-01 (for spurious domain) and Rec. ITU-R SM.1541 (Annex 8) for out-of-band domain. Some relevant information may be derived from Table 3.1 of Annex 3 to SE21(11)032.  


Question 3: Some radar parameters in the tables are still missing, such as feeder loss, antenna tilt (military radar), OOB emissions (French ATC radars), rotations per minute (French ATC radars), variation of elevation angles (French ATC radars), bandwidth of transmissions (French ATC radars) etc. Further information on these parameters are necessary to determine the power of the interference as well as the likelihood/frequency of being interfered. 


Answer 3: Newly update list of parameters is sent to ECC PT1. Also it is expected that some additional information will be available after May 2011 (ATC radar Type 3 – blocking). 


Question 4: The antenna heights of the radars cover a wide range. The chosen height will affect the antenna discrimination. Should all radar antenna heights be given equal importance, or are certain heights more common than others? 


Answer 4: All radar antenna heights are equal importance and will be considered by SE21.



Question 5: It is the understanding of PT1 that the antennas of meteorological radars will have a varying elevation angle, which reduces the probability of interference to mobile equipment. Does this also apply to ATC radar antennas, or is their elevation angle constant?


Answer 5: ATC radar antennas have the constant elevation angle.



Question 6: Pulse Repetition Rate is stated as 1 kHz for some radars. Does this mean that it is exactly 1 kHz or is there a drift? If beneficial to the mobile systems, would it be possible to avoid using specifically 1 kHz? 



Answer 6: In general the existing radars do not use exactly 1 kHz of Pulse Repetition Rate, this value is around 1 kHz for ATC and Meteo radars but may vary slightly due to the installation process to ensure optimal performance. Some installed radars use 1 kHz of PRP but it may be difficult to alter this parameter for already installed radars.



Question 7: What suppression of the unwanted emissions of radars could be introduced by additional filters, as discussed in Section 3.2.11 of “The Report of an Investigation into the Characteristics, Operation and Protection Requirements of Civil Aeronautical and Civil Maritime Systems” http://www.ofcom.org.uk/static/archive/ra/topics/research/topics/s-studies/civil-radio-systems.pdf? 



Answer 7: A number of the techniques are already used and ATC radars meet the current spurious (-60 dBc) and out-of-band (20 dB/decade) limits.  It may be possible to introduce additional filters but at what cost in terms of performance would have to be checked with the manufacturers.


Comment 2 (Annex 3 to doc. SE21(11)030): Multi-path propagation gain is in document SE21(11)014 assumed to be 6 dB. It is the view of PT1 that 3 dB is a more appropriate value. To obtain a 6 dB gain it is necessary to have a reflection in a large flat object, such as the ground or a very large and flat (vertical or horizontal) reflecting surface of a building. Antenna discrimination of the radar antenna should discriminate against ground reflections, and ground reflections themselves will not be perfect. Reflections of this type in buildings, also with coherent addition of paths, will be very scarce, and the cross-polarization of the base station antenna will result in a maximum gain of 3 dB even if they occur. 


Answer of SE21: S-band radars are normally located at airports where there are large expanses on flat surfaces such as runways and taxiways as well as large slab like buildings.  There is no discrimination built into the radar to avoid ground reflections since it was not necessary when you consider the normal range and height of a target as compared to a transmitter that is close in.  Some Administrations have proposed 6 dB for ATC radars, other Administrations have proposed 0 dB value. Therefore SE21 agreed to review this margin at the national level.  
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