4 TECHNICAL CHARACTERISTICS OF MOBILE SYSTEMS

Among the possible technologies for the mobile service in the band 2500 – 2690 MHz, LTE FDD, LTE TDD and Mobile WiMAX  are envisaged to be deployed by operators. Characteristics for these technologies are provided in this section. It is assumed that TDD systems will be deployed in the center gap, 2570 – 2620 but consideration will need to be given to the exception described in Annex A of the EC Decision 2008/477/EC. 

The technical data of the LTE systems are contained in the document STG(10)39 Annex 1 [16], CEPT Report 40 [28] and the Report ITU-R M.2039-2 [17].  
The technical data of the Mobile WiMAX systems are extracted from documents STG(10)58 [25], Report ITU-R M.2039-2 [17], EN302-544-1 [26] and EN302-544-2 [27].
4.1 Base stations (Transmitting and receiving characteristics)
In the framework of WAPECS, a block edge mask (BEM) was defined for the base station operating in the band 2620-2690 MHz (details see Annex 1, [3] or [8]). This technology neutral approach can be used in this study for describing the various radio systems (UMTS, LTE, and Mobile WiMAX), too. The BEM is a regulatory concept which applies to usage of this spectrum by licensees in Europe. It is thus not a characteristic of the different technologies per se. Furthermore, the BEM defined for this band does not apply in the radar band 2700 – 2900 MHz.   

The used channel bandwidths are 5, 10 or 20 MHz.



The Table 1 contains base station parameters. As macro base stations will provide the highest interference, micro and pico cells are not considered. Both LTE and Mobile WiMAX may be deployed with different bandwidths, as indicated in the table below. Although all bandwidths should be considered as possible, 20 MHz for LTE and 10 MHz for Mobile WiMAX are most likely to be used. 
	Base Station 
	LTE Base Station
	Mobile WiMAX Base Station

	Downlink frequency (MHz) FDD
	2620 - 2690
	2620-2690 MHz – FDD

	Downlink frequency (MHz) TDD
	2570 – 2620 
	2570-2620 MHz – TDD

(2500-2690 MHz in the exceptional case)



	Bandwidth

	5, 10 or 20 MHz 
	5 or 10 MHz

	Access Technique
	OFDM
	OFDM/OFDMA

	Modulation type
	QPSK/16-QAM/64-QAM
	QPSK/16-QAM/64-QAM

	Deployment (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)

	Maximum transmitter power dBm
	43 for BW =  5 MHz

46 for BW = 10 MHz

46 for BW = 20 MHz
	43 for 5/10MHz BW (max)



	Peak-to-Average Power Ratio of transmitter power  (dB)
	7 – 8 
	11 - 12

	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)

	Max Antenna gain dBi (3-sector sites assumed for macro)
	18
	18 

	Antenna height (m)
	45(rural), 30(urban)
	45 (Rural),  30 (Urban)

	Tilt of antenna (degrees down)
	2.5 (rural), 5 (urban)
	2.5 (rural), 5 (urban) 

	Antenna type
	Sectoral (3 sectors)
	Sectoral (3 sectors)

	Antenna Pattern
	ITU-R F.1336 - 2
	ITU-R F.1336 - 2

	Polarization 
	± 45° cross-polarized
	± 45° cross-polarized

	Feeder loss
	3 dB
	3 dB

	3 dB antenna aperture in elevation (°)
	1.57
	1.57

	3 dB antenna aperture in azimuth (°)
	65
	65

	ACLR (1st adjacent channel)
	 N.A. above 2700 MHz since spurious emission level applies EN 301 908
	N/A

	ACLR (2nd adjacent channel)
	N.A. above 2700 MHz since spurious emission level applies EN 301 908
	50dB for 10MHz Channel over 2700Mhz to 2710MHz only when operating in the uppermost 10MHz channel [Note 3]. Otherwise N/A. 

	ACS (1st adjacent channel)
	N.A. above 2700 MHz
	N/A above 2700MHz

	ACS (2nd  adjacent channel)
	N.A.
	56dB for 10MHz Channel over 2700Mhz to 2710MHz only when operating in the uppermost 10MHz channel. Otherwise N/A.

	Blocking [Note 1]
	-15 dBm (interferer = CW carrier) for the non-exceptional case, and above 2710 MHz in the exceptional case

-43 dBm (interferer = E-UTRA 5 MHz) for exceptional case below 2710 Mhz
	-15 dBm (interferer = CW carrier) for FDD and TDD non-exceptional case, and TDD above 2710 MHz in the exceptional case

-40 dBm (interferer like modulated) for TDD exceptional case below 2710 MHz

	Relative ACS calculated from blocking level -15 dBm 

(based on noise figure 5 dB) [Note 2]


	82.7 dB (5 MHz)

79.7 dB (10 MHz)

76.7 dB (20 MHz)


	82 dB (5 MHz)

79 dB (10 MHz) 



	Relative ACS calculated from blocking level -43 dBm (LTE) and -40 dBm (Mobile WiMAX)

(based on noise figure 5 dB) [Note 1]
	54.7 dB (5 MHz)

51.7 dB (10 MHz)

48.7 dB (20 MHz)


	57 dB (5 MHz)

54 dB (10 MHz)



	Spurious emission limits

(mean power or, when applicable, average power during bursts duration in the reference bandwidth) [Note 4]
	Reference: ETSI EN 301 908

-30 dBm/MHz

(Spurious emission limits (mean power or, when applicable, average power during bursts duration in the reference bandwidth))
	Reference: ETSI EN 302 544-1

-30dBm/MHz  [See note 3]



	Receiver NF (worst case)
	5 dB for macro BS
	5 dB 

	Receiver thermal noise level
	-102 dBm in 5 MHz

-99 dBm in 10 MHz

 -96 dBm in 20 MHz 
	–102 dBm with 5 dB NF in 5 MHz.

- 99 dBm with 5 dB NF in 10 MHz 

	Interference threshold for macro BS based on I/N = -6 dB (i.e. 1 dB impact on the receiver sensitivity)
	-108 dBm in 5 MHz

-105 dBm in 10 MHz

-102 dBm in 20 MHz
	–108 dBm with 5 dB NF in 5 MHz.

–105 dBm with 5 dB NF in 10 MHz


Table 1 : Base station characteristics
NOTE 1: Although blocking is listed in the table above, it should not be used as protection ratio, as it assumes a 6 dB desensitization. Relative ACS values are preferable. 


NOTE 2: For details on calculating relative ACS from blocking levels see Section 6 of [28]. The relative ACS that has been calculated from three blocking level of the Base Stations is likely to be better for real equipment, considering the duplex filter needed for 2620 – 2690 MHz to avoid interference from downlink transmissions of the base stations themselves. 


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 10 MHz systems could extend to 2710 MHz if operating in the uppermost 10 MHz channel below 2690 MHz. 
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.
The Figure 9 from ECC PT1(10)128 describes the geometry of a macro cellular network and parameters used in the Table 1 above, where: 

Rs: cell radius in a network geometry based on 3-sector antennas.
ISD: Inter-Site Distance 
	Geometry based on 3-sector antennas:



	[image: image1.png]




	ISDs = 3*Rs





Figure 9: LTE deployment parameters for studied scenarios
The Base station is a sectoral antenna with three different sectors covering the whole 360° azimuths. The antenna pattern for this type of antenna may be found in Recommendation ITU-R F.1336-2 [19] and is reproduced below for scenarios where peak side-lobe characteristics should be used for worst case (deterministic) analysis. For statistical assessments with multiple interfering antennas, Section 3.2 of Recommendation ITU-R F.1336-2 applies. The antenna pattern contained in Recommendation ITU-R F.1336-2 is valid for the frequency range from 1GHz to about 70GHz and an example of BS antenna pattern is submitted at Figure 10:
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(: 
Azimuth angle relative to the angle of maximum gain (°)
θ: Elevation angle expressed in [0 ; 90] °
(3: 3 dB beamwidth in the azimuth plane (°) (generally equal to the sectoral beamwidth).
· in cases involving typical antennas the parameter k should be 0.7 (therefore, (k = 0.7 = 3.8 and xk = 0.7 = 0.86);
· in cases involving antennas with improved side-lobe performance the parameter k should be 0 (therefore, (k = 0 = 12 and xk = 0 = 1);
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Figure 10 : Example of BS antenna pattern
4.2 User equipment (terminals) (Transmitting and receiving characteristics)



Further terminal parameters are provided in the Table 2.  

	User Equipment (UE)
	LTE-UE
	Mobile WiMAX UE

	Uplink frequency (MHz) FDD
	2500 - 2570
	2500-2570 - FDD

	Uplink frequency (MHz) TDD
	2570 – 2620 
	2570-2620 MHz – TDD

(2500-2690 MHz in the exceptional case)

	Channel bandwidth
	5, 10 or 20 MHz
	5 or 10 MHz

	Access Technique
	SC-FDMA
	OFDMA

	Modulation type
	QPSK/16-QAM/64-QAM
	QPSK/16-QAM/64-QAM

	Transmitter power (dBm) (maximum)
	23
	23

	Peak-to-Average Power Ratio of transmitter power  (dB)
	No info
	11 - 12

	Antenna gain (dBi)
	0
	0

	Antenna height (m)
	1.5
	1.5

	Antenna type
	Omnidirectional
	Omnidirectional

	Polarization 
	Linear
	Linear 

	Number of simultaneously transmitting users/cell with maximum power 
	1
	1

	
	
	

	Spectrum mask
	Ref: 3GPP TS 36.101

For worst case (20 MHz):

- 13 dBm/MHz 2700 - 2710 MHz

- 25 dBm/MHz 2700 - 2715 MHz
	N/A

	ACLR (1st adjacent channel)  
	For worst case (nominal 20 MHz channel, ACLR calculated over 18 MHz BW):

30 dB.

23 dBm output power => -7 dBm/18 MHz in 2690 – 2710 MHz, 

- 19.5 dBm/MHz
	N/A.

	ACLR (2nd adjacent channel) 
	N.A.
	44dB for 10 MHz Channel over 2700 MHz to 2710 MHz only when transmitting in the uppermost 10 MHz channel [Note 2]. Otherwise N/A.

	Receiver ACS (1st adjacent channel)
	N.A. above 2700 MHz
	N.A. above 2700 MHz 

	Receiver ACS (2nd adjacent channel) 
	N.A.
	47dB for 10 MHz Channel over 2700 MH to 2710 MHz only when operating in the uppermost 10 MHz channel [Note 3].

	Blocking [Note 2]
	- 44 dBm 2700 – 2750 MHz

- 30 dBm 2750 – 2775 MHz

- 15 dBm above 2775 MHz
	[Note 4]

	Relative ACS calculated from blocking levels  

(based on noise figure 9 dB for LTE)


	For 20 MHz: 

43.7 2700 – 2750 MHz

57.7 2750 – 2775 MHz

72.7 above 2775 MHz
	[Note 4]

	Spurious emission limits

(mean power or, when applicable, average power during bursts duration in the reference bandwidth) [Note 6]
	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]

	Receiver NF (dB) 
	9 (3GPP specification requirement) 
	5 dB for single band and 8 dB for multi-band designs

	Receiver thermal noise level
	-98 dBm in 5 MHz

-95 dBm in 10 MHz

-92 dBm in 20 MHz
	For NF = 5dB:

–108 dBm in 5 MHz

–105 dBm in 10 MHz

For NF = 8dB:

–105 dBm in 5 MHz

–102 dBm in 10 MHz

	Interference threshold based on I/N = -6 dB (i.e. 1 dB impact on the receiver sensitivity)
	-104 dBm in 5 MHz

-101 dBm in 10 MHz

-98 dBm in 20 MHz
	Reference: ETSI EN 302544-2

-30dBm/MHz 

 [See Note 3]


Table 2 : Terminal characteristics

NOTE 2: Although blocking is listed in the table above, it should not be used as protection ratio, as it assumes a 6 dB desensitization. Relative ACS values are preferable.

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: For Mobile WiMAX out of band blocking characteristics are not specified in the available references.

NOTE 6: 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 301 908.
4.3 Protection criteria for interference from radars to MS terminals 

Measurements and simulations have been carried out for LTE FDD downlink. The results largely carry over to LTE TDD downlink, see further Section 7.1.1.3. No results are currently available for UMTS or WiMAX. 
4.3.1 Co-channel interference due to radar unwanted emissions

4.3.1.1 Study 1: Link level simulations 

Link level simulations have been carried out in order to evaluate the interference from radars to base stations, including the effects on the analogue parts of the mobile station equipment. See Annex C for additional details on the simulations. The simulations have been carried out with 5 MHz LTE bandwidth, and the radar interference is modelled as white Gaussian noise. The simulations represent a possible implementation of LTE terminals, but it should be noted that results will vary depending on implementation, as can be seen in Annex C. 




Simulations have also been carried out to investigate the results of varying the interference power levels for different interference pulse lengths and LTE MSCs, as well as for varying pulse repetition rate of the radar. Simulations have also been carried out to investigate the results of varying the interference power levels for different interference pulse lengths and LTE MSCs, see Figure 15. The PRR is here 1 kHz. This figure shows that radar interference with shorter pulse length will produce very similar results to 1 kHz, whereas for radars with long pulses, say 100 micro seconds, protection levels are considerably higher, in the range of 10-15 dB more strict.


[image: image22]

[image: image23]
Figure 15 : Radar interference as a function of pulse power at UE antenna and pulse duration 



In the last simulations of downlink performance, an adaptive modulation and coding scheme (AMCS) was investigated for different interference levels of a radar with 1 microsecond pulses and PRR 1 kHz, see Figure 17. Results for other radar interference levels can be found in Annex C.    
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Figure 17: Throughput degradation as a function of radar interference power 
4.3.1.2 Study 2: Measurements 

Annex B contains detailed information about these measurements of radar interference to LTE terminals. 
Two types of radar interference have been studied. In the first set of measurements, the downlink throughput loss is measured in the presence of interfering radar pulse signals of length 4 microseconds and with PRR 1000 Hz. 
Editor’s note: Add definition of interfering radar signal here. Consequently the interference levels cannot be compared directly to those of the simulations. However, considering Annex C, Section 2, it is clear that for the downlink this type of interference is underestimating the throughput reduction in relation to an interferer with the same total power but over the whole LTE channel.   
Results are summarised  for different LTE signal levels in Figure 18. See Annex B for a definition of Psens. 
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Figure 18 : DL throughput loss in the presence of interfering radar pulse signals of length 4 microseconds, PRR 1000 Hz
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Figure 19 : DL throughput loss in the presence of an interfering radar pulse signal of length 100 micro seconds, PRR 300 Hz
4.3.1.3 Calculation of protection levels 
The simulation and measurement results above can be used to derive protection criteria for the LTE downlink for different radar stations. The underlying assumption is that there should be no significant degradation of the LTE throughput.  

Table 10 below contains the results of such an analysis, expressed as acceptable interference from different types of radars. The values given is the peak power during the actual radar pulse. Furthermore, polarization discrimination has not been applied. For some scenarios this may give additional isolation. 

For the measurement results, the power level Psens has not been used, as it is assumed that terminals with such low power levels will also experience lower radar interference levels. Instead Psens + 10 has been used. 

The details of extracting acceptable interference levels for different types of radars are as follows. The results can be compared with the interference level corresponding to I/N = -6 dB, which is -104.5 dBm in a 5 MHz channel.  

Radar type 2 (ATC): The simulations of Figure 17 show that -86 dBm/5 MHz gives a clear throughput reduction. Setting the protection level to -88 dBm/5 MHz, this corresponds to -95 dBm/MHz. The measurements for PRR 1 kHz and pulse length 4 micro seconds show that -80 dBm of interference (0.4% throughput loss) is acceptable. First this needs to be converted to 1 micro second pulse length. An approximation for this can be obtained from Figure 15, showing that the difference between allowed pulse power for a certain throughput decrease for 1 and 2 micro seconds is very small, in the order of 1 dB. This is due to the extension of the pulse in the UE receiver of about 3 micro seconds, meaning that we are actually comparing the effects 1+3 to 2+3 micro second pulses. Similarly, we should compare 1+3 with 4+3 micro seconds to relate the measurements to the effects of a radar with a 1 micro second long pulse. Based on this we set the allowed interference for a 1 micro second radar pulse with (approximately) PRR 1 kHz to -78 dBm. Based on Section 4.3.1.2,  it thus follows that -78 dBm – 13 dB = -91 dBm/MHz underestimates the protection level, which is consistent with the simulations. 
Radar type 1 (Military): The simulations can be used to relate a 100 micro second pulse length radar to one with 1 micro second pulses, based on Figure 15. The relevant information is for higher modulation and coding schemes and low throughput loss, approximately 15 dB lower interference allowed than for 1 micro second. Comparing with radar type 2 this gives -110 dBm/MHz. The lower PRR of radar type 1 relative to radar type 2 should also be taken into account, but Figure 16 shows that for the relevant higher MCSs and low throughput reduction, there is a very small difference between the different PRRs and in order to be conservative no modification is made for the acceptable interference level based on this.  
Radar type 4 (ATC): Type 4 uses the same PRR as type 2, 1 kHz, but has shorter pulse length, 0.085 micro seconds. Considering Figure 15, it is clear that this shorter pulse length does not change the interference level by more than a few dB. The acceptable interference is thus set to -93 dBm/MHz. 

Radar type 6 (ATC): Type 6 has the same pulse length as type 1, but with different PRR. However, since PRR does not influence very much, the same level -110 dBm/MHz is used. 

Meteorological radar: This type of radar may use different PRR, but in the light of the discussion above this is not necessary to take into account. Since the pulse length is 2.2 micro seconds, the acceptable interference level will be somewhat lower than for type 2, see Figure 15. However, it is clear that this difference is very small, so the same level is used, i.e. -95 dBm/MHz. 

	Radar type
	Type 1
	Type 4 (ATC)
	Type 2 (ATC)
	Type 6 (ATC)
	Meteorological

	Acceptable interference at UE receiver
[dBm/MHz]
	-110
	-93
	-95
	-110
	-95


Table 10: Acceptable interference levels, LTE DL, for different types of radars 
4.4 Protection criteria for interference from radars to MS base stations 
Measurements and simulations have been carried out for LTE FDD uplink. The simulation results are not used to derive protection levels, and can be found in Annex E. The results largely carry over to LTE TDD uplink, see further Section 7.2.1.4. No results are currently available for UMTS or WiMAX. 

4.4.1 Co-channel interference due to radar unwanted emissions

4.4.1.1 























4.4.1.2 Study 2: First set of measurements

Annex B contains detailed information about these measurements of radar interference to LTE base stations. 
Two types of radar interference have been studied. In the first set of measurements, the downlink throughput loss is measured in the presence of interfering radar pulse signals of length 4 microseconds and with PRR 1000 Hz. 
Editor’s note: Add definition of interfering radar signal here.    

The measured uplink throughput loss in the presence of interfering radar pulse signals of length 4 microseconds, PRR 1000 Hz, for different LTE signal levels is summarised in figure 23. Psens equals -101.5 dBm. 

Editor’s note: don’t understand why Psens doesn’t go down to 0. Also difficult to judge where the actual acceptable level is, 20 dB steps. Use this information? 
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Figure 23 : UL throughput loss(%) with presence of interfering pulse signal 1 (4μS/1000Hz). 
The measured uplink throughput loss in the presence of an interfering radar pulse signal of length 100 micro seconds, PRR 300 Hz, for different LTE signal levels is summarised in figure 24. Automatic link adaptation is applied.
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Figure 24 : UL throughput loss (%) in the presence of an interfering radar pulse signal of length 100 micro seconds, PRR 300 Hz.
4.4.1.3 Study 3: Second set of measurements

The full set of results can be found in Annex F. Two figures with measurement results are also incorporated below, for the more sensitive MCS 20. 
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Figure 25 : UL throughput loss (%) in the presence of an interfering radar of type 2 for MCS 20.
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Figure 26 : UL throughput loss (%) in the presence of an interfering radar of type 6 for MCS 20.
4.4.1.4 Calculation of protection levels 

The measurement results above can be used to derive protection criteria for the LTE uplink for different radar stations. The underlying assumption is that there should be no significant degradation of the LTE throughput. 

Table 13 below contains the results of such an analysis. The values given correspond to the peak power during the actual radar pulse.


For the study 2 measurement results, the power level Psens has not been used, as the uplink is likely to be somewhat overdimensioned in relation to e.g. speach. Instead Psens + 10 has been used. Furthermore, polarization discrimination has not been applied. For some scenarios this may give additional isolation. 

The details of extracting acceptable interference levels for different types of radars are as follows. The results can be compared with the interference level corresponding to I/N = -6 dB, which is -108.5 for a 5 MHz channel.  

Radar type 2 (ATC): Using the second set of measurements and considering the relevant higher MCSs, -95 dBm/5 MHz gives very little degradation in throughput for the relevant upper part of the curve. -95 dBm/5 MHz is thus chosen, corresponding to -102 dBm/MHz. 
Radar type 6 (ATC): The second set of measurements show that -105 dBm/5 MHz gives very little degradation for the relevant upper part of the curve. The protection level is thus set to -112 dBm/MHz. 
Radar type 1 (military): Due to the similarities with type 6, -112 dBm/MHz is chosen. 


Meteorological radar: The second set of measurements shows a very small degradation for -95 dBm/5 MHz. The acceptable interference is set to -102 dBm/MHz. 

	Radar type
	Type 1
	Type 2 (ATC)
	Type 6 (ATC)
	Meteorological

	Acceptable interference at BS receiver
[dBm/MHz]
	-112
	-102
	-112
	-102


Table 13: Acceptable interference levels, LTE UL, for different types of radars.
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[image: image54.png]0.1 pus pulse at -60 dBm, PRR = 1 kHz. AGC model: Aver. per OFDM symb.
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[image: image55.png]PRR =1 kHz. AGC model: Average per OFDM symb. SNR = 25 dB, 64QAM, rate 0.85.
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[image: image56.png]PRR =1 kHz. AGC model: Average per OFDM symb. SNR = 15 dB, 16QAM, rate 0.60.
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[image: image59.png]0.1 pus pulse at -60 dBm, PRR = 1 kHz. AGC model: Adapt to pulse.
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