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1. Introduction
At the RAN plenary meeting (RAN#103 in Maastricht) it was decided [1] to start a Work Item (WI) for BS RF requirement evolution (NR_BS_RF_req_evo). Part of the WI objectives is work related to the introduction of a new requirement for AAS BS to protect FSS UL service for band n104. The proposal to develop a new requirement was part of the BS RF Rel-19 package [3]. The background for this new requirement comes from the WRC-23 final act [2] where a new condition was adopted for IMT base stations to protect FSS UL sharing spectrum in a co-channel situation. 
At the last RAN4 meeting (RAN4#110-bis in Changsha) a way-forward contribution [5] was agreed with some initial agreements related to terminology and definitions.  
In this contribution we present an overview of the background for the technical condition from ITU-R and how a new requirement in 3GPP RAN4 BS RF specifications can be introduced. At the end of the contribution a text proposal for TS 38.104, subclause 9.9 is attached to further stimulate the discussion on how to capture the requirement in the BS RF core specification.  

2. Discussion
The general terminology and definitions are essential when the new requirement is defined in RAN4 BS specifications. To protect satellite UL a new parameter, “expected EIRP” has been defined in ITU-R. This parameter has relations to classic parameters such as peak EIRP and TRP. 
For AAS BS conformance testing the concept including a set of test beams was proposed by ITU-R, where the test beams are supposed to be spread out within the intended coverage range. 
From the WRC-23 outcome, aspects related to the requirement profile and details on conformance testing are captured. In the work to define a requirement in RAN4 specifications it is essential to look at both BS RF core aspects and BS RF conformance aspects when general definitions and terminology are developed.  

2.1 Requirement definition
In ITU-R a new condition for the frequency range 6425 to 7125 MHz was adopted at WRC-23 for protection of FSS UL during co-channel spectrum sharing situations. The new condition is defined as an elevation mask based on a new parameter referred to as expected EIRP (EEIRP) spectral density level. The maximum allowed EEIRP level for a BS as a function of the vertical angle above the horizon (aka. the elevation angle, defined as the vertical angle from the horizon to a certain angle above the horizon) shall not exceed the values listed in Table 2.1-1.
Table 2.1-1: Maximum allowed EEIRP level as function of elevation angular range
	Elevation angular ranges

(Degrees)
	EEIRP
(dBm/MHz)


	0<q<5
	27

	5<q<10
	23

	10<q<15
	19

	15<q<20
	18

	20<q<30
	16

	30<q<60
	15

	60<q<90
	15



The table above will create the core of the new requirement for protection of FSS UL and should be captured in the NR BS RF core specification (TS 38.104). Different approaches related to the location of the new requirement in the specification have been discussed:
1. A new section placed in a new clause in TS 38.104. E.g., a new clause 12.
2. A new section placed in a new sub-clause in TS 38.104, sub-clause 9. E.g., a new sub-clause 9.3A.
3. A new section placed in a new sub-clause in TS 38.104, sub-clause 9.7. E.g., a new sub-clause 9.7.6.
4. A new section placed in a new sub-clause in TS 38.104, sub-clause 9. E.g., a new sub-clause 9.9.
In the current specification, requirements are named based on the purpose of the requirement, rather than after the parameter used for the requirement. This new requirement would limit the unwanted emission radiated above the horizon. To avoid confusion with regular unwanted emission requirement it is preferable to avoid using “unwanted emission” in the name. A working assumption naming the new requirement “OTA spatial emission above horizon” has been adopted. 
Observation 1: The new requirement needs a name for the heading in RAN4 specifications. To avoid confusion the name for the new requirement need to differentiate from regular unwanted emissions used by current specifications and regulatory documents for unwanted emission in the frequency domain. 
By adding a new sub-clause in the clause for “Radiated transmitter characteristics” a location for spatial emission requirements is created. This would allow for a future proof structure, enabling other similar requirements to be added if needed in the future. 
Proposal 1: Add a new section in subclause 9 with the heading “9.9	OTA spatial emission”.
A text proposal is captured in section 5, with an outlined draft of the specification text.
The new requirement is based on a requirement profile using a new parameter called EEIRP. The EEIRP profile is constituted by  values creating a profile covering  elevation angular regions. In RAN4 BS RF specifications terminology required for the new requirement is required in TS 38.104, clause 3. The parameter EEIRP can be defined in words as: 
EEIRP: The EEIRP level is defined as the average of the average EIRP radiated above the horizon over horizontal angles between -180o to 180o ,within specified vertical elevation ranges.
The EEIRP profile is defined with respect to the elevation angle, where  equal to 0 degrees refers to the angle towards the horizon and 90 degrees refers to an angle straight up into the sky. For this requirement RAN4 need to define the elevation angle according to conventions used in ITU-R. 
For the technical background to be captured in a new technical report (TR 38.9xx) the EEIRP profile is related to the upper hemi-sphere two dimensional average EIRP pattern as:

 , where  denotes the average 3-D EIRP spectral density pattern and  is the elevation angular range,  is the number of elevation ranges,  is the elevation angle and  is the horizontal angle. 
It is worth noting that the relation to TRP is obvious in the case where only one vertical range is considered (where the elevation angle range is defined as  is equal to -90 degrees and  is equal to 90 degrees). In this case EEIRP is equal to TRP.
Observation 2: RAN4 need to define a description of the term “EEIRP” including all the averaging processes to be added in terminology section in TS 38.104, clause 3. 
The ITU-R condition is only defined for the frequency range 6425 to 7125 MHz, which overlaps with NR band n104. The new requirement is only applicable for band n104 within FR1. In the detailed description of the final outcome from WRC-23, it is not clear if the condition applies for the frequency range 6426 to 7125 MHz or in the region where UL is allocated in 6425 to 7075 MHz. It would be reasonable to assume that the requirement is only applicable for the frequency region where FSS UL is allocated.   
Proposal 2: Define OTA spatial emission requirement for NR band n104 within the frequency range 6425 to 7075 MHz.
The EEIRP limits will directly limit the power generated above the horizon towards the sky and will restrict the AAS BS implementation with respect to maximum supported EIRP towards UEs within the angular coverage range, antenna array geometry and coverage range capability.
In the NR BS RF core specification, requirements for different types of base stations can be found. The NR specification supports four different BS types: 1-C for BS using passive antennas, 1-H, 1-O and 2-O for AAS BS. 
The new requirements will only be applicable for NR AAS BS type 1-H and 1-O. In the case of BS type 1-C, the requirement still applies, but since the antenna is not included in the scope of 3GPP specifications, a conformance test cannot be defined for BS type 1-C. The EEIRP limit will indirectly set a limit on the power capability of the base station or the properties of fixed beam antennas. 
Proposal 3: The requirement is applicable for AAS BS (both Hybrid and OTA), NR BS type 1-H and NR BS type 1-O.
In section 5, a text proposal to capture BS RF core requirement in TS 38.104, subclause 9.9 is created to further stimulate the discussion.
Proposal 4: It is proposed to use the draft specification text in section 5 as baseline for further discussions. 

2.2 Conformance test aspects
In this section further details relevant for the conformance test specification (TS 38.141-2) is presented with the intention to stimulate the discussion related to conformance testing and how to include relevant information in the conformance test specification. 

2.2.1 BS RF test approach
In the BS RF conformance test specification (TS 38.141-2) RAN4 have adopted an approach to use a baseband with limited functionality based on pre-defined test signals (aka. test models). The beamforming weight vectors are proprietary and determined by manufacturer declarations of beamforming direction. Hence, no support for testing the BS during true normal operation in a controlled fading environment is possible with the current approach adopted by RAN4. 
During the test the AAS base station is configured with a test baseband functionality that will use the test models and apply beam forming weight vector, as shown in Figure 2.2.1-1. With the beamforming weight vector test beams will be generated according to requirement definitions in TS 38.141-2. 
The test is conducted in a Line-of-Sight (LOS) environment without feedback from the measurement receiver (UE). Unlike the UE conformance testing, the BS Down-link and Up-link is tested separately with no dependencies.
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Figure 2.2.1-1: Down-link test object configuration
The base station manufacturer declares the angular range intended for normal operation. This declaration will depend on intended deployment scenario. This would mean that if a specific base station implementation is intended for multiple deployment scenarios, e.g., rural, sub-urban and urban multiple declarations may be needed.
The concept of static test beams allows for conformance testing in conventional antenna test ranges using standard test equipment (network analyser, signal generator, spectrum analyser, etc.). 

2.2.2 EEIRP mask test concept
The conformance test will be created around the concept of using test beams within a declared coverage angular range (CAR). The CAR is the angular range along vertical and horizontal axis for which the base station is intended to provide coverage within.
For the conformance test of the EEIRP profile, multiple test beams with different directions are required to establish the average EIRP pattern corresponding to normal operation. For this purpose,  different test beams with different beam directions, distributed within the declared CAR for which the base station is intended to operate within, are required. 
The intention with the test beams is to excite the array antenna in such a way that the array side-lobe suppression characteristics are captured. For an array antenna with sparse element separation in the vertical domain using sub-arrays, side lobe response and eventual grating lobe response will be captured. 
The conformance test required to show compliance to the maximum allowed EEIRP limit needs to be developed by RAN4. To show conformance to the maximum allowed EEIRP limits a large number of measured 3-D EIRP patterns for different array excitations will be needed. It is essential that the array excitations would stress the AAS base station implementation to produce radiated power above horizon, hence condition where maximum EIRP within the intended coverage range should be considered. Since the RAN4 concept of conformance testing is built around pre-defined test signals (test models and fixed refence channels) normal operation in fading environment capturing true layer-1 operation cannot be captured by the conformance test in RAN4 for AAS base stations. 
To facilitate EEIRP mask conformance testing in RAN4, the concept of test beams is adopted. The test beams will be distributed within the declared CAR. For each test beam, the 3-D EIRP pattern in the upper hemisphere is measured. Based on measured EIRP patterns the EEIRP profile can be calculated as the output from a multistage averaging process. 
Multiple CARs can be declared for a base station supporting multiple deployment scenarios to map towards different scenarios with different UE distributions. Eventually, for each declared CAR, different beam power profiles are utilized to optimize coverage while meeting the EEIRP profile above the horizon.  
The meaning of CAR is essential for the EEIRP test requirement. In the terminology section (clause 3 of TS 38.141-2), a definition of CAR is needed. For the purpose of EEIRP requirement the CAR can be defined as:
Coverage Angular Range: The coverage angular range is a set of directions describing the intended angular operation range for which the expected EIRP requirement is met. 
RAN4 need to decide on naming conventions for the manufacturer declarations. Eventually, some declarations can be re-used from previous requirements.
For each test beam, the BS manufacturer declares the peak EIRP and direction as q and j angle pair.
For a solid test requirement, the details related to placement of the beam directions and weighting factors need to be captured in the specification. The location and distribution of beam directions will affect the averaging process significantly. RAN4 needs to define how many beam directions will be needed and how to distribute them. 
Observation 3: Since the conformance test concept adopted in RAN4 currently does not capture operation in fading environment, manufacturer declarations will be needed to derive the angular coverage range. This means that the declaration and deployment scenarios are tied together. 
The CAR is declared by the base station manufacturer using the angles listed in Table 2.2.2-1. 
Table 2.2.2-1: CAR declarations
	Parameter
	Description

	qmin
	Minimum angle along q axis

	qmax
	Maximum angle along q axis

	jmin
	Minimum angle along j axis

	jmax
	Maximum angle along j axis



The CAR can be visualized as a rectangular area in the q/j plane, as shown in Figure 2.2.2-1 as a green rectangle. 
For a typical wide area base station intended for 3-sector rural deployments values listed in Table 2.2.2-2 is reasonable.
Table 2.2.2-2: Typical values
	Parameter
	Values
(degrees)

	qmin
	0

	qmax
	12

	jmin
	-60

	jmax
	60



For other deployment scenarios (e.g., for wide area base station operating in an urban deployment scenario) other values may be declared. 
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Figure 2.2.2-1: Coverage angular range
The test beams will be located within the declared CAR. The number of test beams  and the location within the q/j plane will impact the measured EEIRP profile. In the background information relevant for the condition ITU-R stipulates that the beam directions should be distributed uniformly within the CAR. To adjust for beams located at the edge of the CAR a beam weight factor has been introduced.
The average EIRP pattern is calculated from  EIRP patterns as:

, where  is a beam weighting factor and  is the EIRP pattern per measured test beam. 
Beam weight factor: The weight for the k-th test beam direction is  the fraction of the coverage angular range represented by the k-th test beam. 
For example,  represents the case where  uniformely and equally spaced test beams are assumed in azimuth and elevation, respectively, and where each beam covers an equal range of angles (e.g., equal area in q/j plane). The weight factor is required to account for test beam coverage for test beams located on the edge of the CAR, non-uniform distribution or allowing for fewer test beams to be considered as shown in the following examples. 
Eventually, the maximum peak EIRP difference between declared beam needs to be limited to a certain value (e.g., 10 dB). Without a cap on the maximum difference, fake beams can be declared during testing that will produce incorrect measured EEIRP levels. 
In the conformance specification a reference to the BS RF core specification will be used for the requirement profile. Since this is a regulatory requirement, the test tolerance will be set to zero. Hence, the BS RF requirement profile and conformance test profile will be equivalent. 
Observation 4: RAN4 need to define test beam set(s) that guarantees acceptable measurement uncertainty. 
Proposal 5: RAN4 should define a concept where the test beam directions are related to the declared Coverage Angular Range (CAR) and the number of test beam directions are specified.

2.2.3 Beam set evaluation
The beams selected for conformance testing will have direct impact on the robustness of measuring the emission generated above the horizon. To be able to measure the EEIRP profile, the test object needs to be stimulated to generate beams within the intended coverage angular range. For this purpose, RAN4 need to establish a set of test beams to be used during conformance testing.
In this section we evaluate the EEIRP profiles for different test beam sets for a given array antenna geometry representative of a product in the band, and described in Table 2.2.3-1. It should be noticed that theses parameters are not selected with the intention to meet the EEIRP requirement profile. As the result will show, the specified EEIRP levels will not meet the ITU-R condition, which would indicate that additional mitigation techniques are needed. The intention with the parameter below is to evaluate the EEIRP characteristics due to different test beam sets.  
Table 2.2.3-1: Array antenna geometry
	Parameter
	Value

	Frequency
	6775 MHz

	Element model
	Vertical HPBW: 90°
Horizontal HPBW: 90°
Sidelobe suppression: 30dB
Element directivity: 6.4 dBi

	Array configuration
	Number of rows: 8 
Number of columns: 16 
Sub-array: 3x1
Sub-array tilt: 6°
Horizontal element separation: 0.5λ
Vertical element separation: 0.7λ

	TRP
	27 dBm/MHz

	Peak EIRP target
	79 dBm/100 MHz



To evaluate the impact of the number of beams, distribution and beam weight factor, several beam sets have been defined (Reference, A, B, C, D, E). The CAR is set to -60 to 60 degrees in the horizontal plane and to 0 to 12 degrees (down-tilt) in the vertical plane.
For reference purposes a reference beam set of 325 (25 x 13 equally spaced beams in horizontal and vertical plane, respectively) uniformly distributed beams with uniform beam weight factor has been defined. This beam set is referred to as “Reference” in figures. 
Beam set A and B are defined by 25 test beams distributed in a uniform lattice with 5 beams along the horizonal axis and 5 beams along the vertical axis, according to Figure 2.2.3-1. 
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Figure 2.2.3-1: Beam distribution for Beam sets A and B 
For Beam set A, the beam pointing direction and corresponding beam weight factor for all beams are listed in Table 2.2.3-1. The beam directions are weighted to reflect the area that each beam covers within the CAR box.
Table 2.2.3-1: Beam weight factors for Beam set A
	Test Beam 
[k]
	θ°
	φ°
	Beam weights 
[w_k]

	1
	6
	0
	1/16

	2
	6
	-60
	1/32

	3
	6
	60
	1/32

	4
	6
	-30
	1/16

	5
	6
	30
	1/16

	6
	3
	0
	1/16

	7
	9
	0
	1/16

	8
	0
	0
	1/32

	9
	12
	0
	1/32

	10
	0
	-60
	1/64

	11
	0
	-30
	1/32

	12
	3
	-60
	1/32

	13
	3
	-30
	1/16

	14
	0
	30
	1/32

	15
	0
	60
	1/64

	16
	3
	30
	1/16

	17
	3
	60
	1/32

	18
	9
	-60
	1/32

	19
	9
	-30
	1/16

	20
	12
	-60
	1/64

	21
	12
	-30
	1/32

	22
	9
	30
	1/16

	23
	9
	60
	1/32

	24
	12
	30
	1/32

	25
	12
	60
	1/64



For Beam set B, uniform beam weighting is assumed. The reason for this is to compare the impact of applying additional beam weighting to the resulted EEIRP profile. The beam directions and beam weight factor vector are listed in Table 2.2.3-2.
Table 2.2.3-2: Beam weight factors for Beam set B
	Test Beam
[k]
	θ°
	φ°
	Beam weights
[w_k]

	1
	6
	0
	1/25

	2
	6
	-60
	1/25

	3
	6
	60
	1/25

	4
	6
	-30
	1/25

	5
	6
	30
	1/25

	6
	3
	0
	1/25

	7
	9
	0
	1/25

	8
	0
	0
	1/25

	9
	12
	0
	1/25

	10
	0
	-60
	1/25

	11
	0
	-30
	1/25

	12
	3
	-60
	1/25

	13
	3
	-30
	1/25

	14
	0
	30
	1/25

	15
	0
	60
	1/25

	16
	3
	30
	1/25

	17
	3
	60
	1/25

	18
	9
	-60
	1/25

	19
	9
	-30
	1/25

	20
	12
	-60
	1/25

	21
	12
	-30
	1/25

	22
	9
	30
	1/25

	23
	9
	60
	1/25

	24
	12
	30
	1/25

	25
	12
	60
	1/25



The EEIRP profiles corresponding to Beam set A and Beam set B are plotted in Figure 2.2.3-3.
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Figure 2.2.3-3: EEIRP result for A and B
It can be observed that the EEIRP profiles align well with the reference case. It can also be noticed that the WRC-23 level is violated for some angular ranges. 
The impact on the EEIRP profile for the case where test beam directions are reduced have been evaluated by defining test beam directions according to Figure 2.2.3-4. Now the test beam directions are aligned with the q-axis and j-axis.
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Figure 2.2.3-4: Reduce number of test beam directions
[bookmark: _Hlk165532611]For this case three different variants of beam weight factor vectors can be evaluated. Therefore, three different beam sets have been defined C, D and E. The beam weight factor vectors are listed in Table 2.2.3-3, Table 2.2.3-4 and Table 2.2.3-5.
Table 2.2.3-3: Beam weight factors for Beam set C
	Test Beam [k]
	Direction θ°
	Direction φ°
	Portion weights [w_k]

	1
	6
	0
	1/16

	2
	6
	-60
	1/32

	3
	6
	60
	1/32

	4
	6
	-30
	1/16

	5
	6
	30
	1/16

	6
	3
	0
	1/4

	7
	9
	0
	1/4

	8
	0
	0
	1/8

	9
	12
	0
	1/8




Table 2.2.3-4: Beam weight factors for Beam set D (uniform)
	Test Beam [k]
	Direction θ°
	Direction φ°
	Portion weights [w_k]

	1
	6
	0
	1/9

	2
	6
	-60
	1/9

	3
	6
	60
	1/9

	4
	6
	-30
	1/9

	5
	6
	30
	1/9

	6
	3
	0
	1/9

	7
	9
	0
	1/9

	8
	0
	0
	1/9

	9
	12
	0
	1/9




Table 2.2.3-5: Beam weight factors for Beam set E
	Test Beam [k]
	Direction θ°
	Direction φ°
	Portion weights [w_k]

	1
	6
	0
	1/16

	2
	6
	-60
	1/8

	3
	6
	60
	1/8

	4
	6
	-30
	1/4

	5
	6
	30
	1/4

	6
	3
	0
	1/16

	7
	9
	0
	1/16

	8
	0
	0
	1/32

	9
	12
	0
	1/32




The resulting EEIRP profiles for case C, D and E are plotted in Figure 2.2.3-5. 
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Figure 2.2.3-5: EEIRP profile result for C, D and E
It can be noticed that case E significantly deviates from the reference case, which indicates that case E should not be used for conformance testing. 
It is also clear that the result produced by Beam set C, D, E deviate compared to Beam set A and B. 
Observation 5: It can be concluded that the test beams should be carefully selected and should be distributed within the whole coverage angular range, not only along the axis. To guarantee repeatability and acceptable measurement uncertainty, RAN4 need to define one common test beam set. 
Observation 6: The impact of the beam weight factor has significant impact on the measured EEIRP profile. 
Proposal 6: RAN4 need to develop a concept where the test beams are distributed within the whole coverage angular, range with a specified beam weight factor vector. 
Observation 7: Comparing the EEIRP result from Beam set A and Beam set B it can be noticed that they produce similar EEIRP profiles, so that Beam set B might be preferred to Beam set A since a simple uniform beamforming weight factor is used. 











3. Conclusion
In this contribution we present an overview of the new requirement required to protect FSS UL within band n104 and aspects to consider when the requirement is included in RAN4 BS specifications. 

Based on the information in this contribution we have observed following: 
Observation 1: The new requirement needs a name for the heading in RAN4 specifications. To avoid confusion the name for the new requirement need to differentiate from regular unwanted emissions used by current specifications and regulatory documents for unwanted emission in the frequency domain. 
Observation 2: RAN4 need to define a description of the term “EEIRP” including all the averaging processes to be added in terminology section in TS 38.104, clause 3. 
Observation 3: Since the conformance test concept adopted in RAN4 currently not capture operation in fading environment manufacturer declarations will be needed to derive the angular coverage range. This means that the declaration and deployment scenarios are tied together. 
Observation 4: RAN4 need to define test beam set(s) that guarantees acceptable measurement uncertainty. 
Observation 5: It can be concluded that the test beams should be carefully selected and should be distributed within the whole coverage angular range, not only along the axis. To guarantee repeatability and acceptable measurement uncertainty, RAN4 need to define one common test beam set. 
Observation 6: The impact of the beam weight factor has significant impact on the measured EEIRP profile. 
Observation 7: Comparing the EEIRP result from Beam set A and Beam set B it can be noticed that they produce similar EEIRP profiles, so that Beam set B might be preferred to Beam set A since a simple uniform beamforming weight factor is used.

To further progress the work, we propose following:
Proposal 1: Add a new section in subclause 9 with the heading “9.9	OTA spatial emission”.
Proposal 2: Define OTA spatial emission requirement for NR band n104 within the frequency range 6425 to 7075 MHz.
Proposal 3: The requirement is applicable for AAS BS type 1-H and BS type 1-O.
Proposal 4: It is proposed to use the draft requirement text in section 5 as baseline for further discussions.
Proposal 5: RAN4 should define a concept where the test beam directions are related to the declared Coverage Angular Range (CAR) and the number of test beam directions are specified.
Proposal 6: RAN4 need to develop a concept where the test beams are distributed within the whole coverage angular range with specified beam weight factor vector. 
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5. Annex
In this section a draft text proposal for TS 38.104, subclause 9.3 is attached for discussion. 
We do not include corresponding definitions and description of EEIRP calculations at this point.
DRAFT:
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The requirement is defined to protect FSS UL receiver from interference.
[bookmark: _Toc13080204][bookmark: _Toc29811703][bookmark: _Toc36817255][bookmark: _Toc37260171][bookmark: _Toc37267559][bookmark: _Toc44712161][bookmark: _Toc45893474][bookmark: _Toc53178201][bookmark: _Toc53178652][bookmark: _Toc61178878][bookmark: _Toc61179348][bookmark: _Toc67916644][bookmark: _Toc74663242][bookmark: _Toc82621782][bookmark: _Toc90422629][bookmark: _Toc106782822][bookmark: _Toc107311713][bookmark: _Toc107419297][bookmark: _Toc107474924][bookmark: _Toc114255517][bookmark: _Toc115186197][bookmark: _Toc123049011][bookmark: _Toc123051930][bookmark: _Toc123054399][bookmark: _Toc123717500][bookmark: _Toc124157076][bookmark: _Toc124266480][bookmark: _Toc131595838][bookmark: _Toc131740836][bookmark: _Toc131766370][bookmark: _Toc138837592][bookmark: _Toc156567413]9.9.2.1	Minimum requirement
For BS type 1-H and BS type 1-O operating within band n104, within the frequency range 6425 to 7075 MHz the requirement is defined as a maximum allowed EEIRP level profile above horizon for vertical angular ranges listed in Table 9.9.2.1-1.  
Table 9.9.2.1-1: Maximum allowed EEIRP level as function of elevation angular range
	Elevation angular ranges

(Degrees)
	EEIRP
(dBm/MHz)


	0<q<5
	27

	5<q<10
	23

	10<q<15
	19

	15<q<20
	18

	20<q<30
	16

	30<q<60
	15

	60<q<90
	15
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