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Abstract

• IEEE 802.22 TGb has discussed the Functional 

Requirement Document (FRD) and Selection Criteria 

(SC) document.

• Low-complexity and high-complexity CPEs are newly 

defined in TGb FRD for mainly metering and 

monitoring applications.

• This contribution provides some information of 

preliminary link budget analysis for discussion of FRD

and SC document, especially on low-complexity and 

high-complexity CPEs.
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Key Technical Issues

• Regulatory constraints

– Stringent out-of-band emission mask

– Power spectral density (PSD) limit 

• Two class of CPE is define to cover various applications

– Low-complexity CPE and High-complexity CPE

– Detail function seems still under development

• Support at least 2048 CPEs
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Type of TV bands device Power limit

(6 MHz) 

PSD limit

(100 kHz) 

Adjacent channel

limit (100 kHz)

Fixed 30 dBm (1 Watt) 12.6 dBm -42.8 dBm

Personal/portable (adj. channel) 16 dBm (40 mW) -1.4 dBm -56.8 dBm

Sensing only 17 dBm (50 mW) -0.4 dBm -55.8 dBm

All other personal/portable 20 dBm

(100 mW) 

2.6 dBm -52.8 dBm

Table 1 Key spectrum mask elements in TVWS (FCC 3rd MO&O) 
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Link budget Assumptions

• Minimum receiver sensitivity requirement for QPSK

rate: 1/2 at BER= 2×10–4(Ref. 1, Table 231, 6MHz BW)

– Base station receiver sensitivity: –94.5 (dBm)

– CPE receiver sensitivity: –91.3 (dBm) 

• H-CPE and L-CPE: same receiver sensitivity

• Upstream is mainly considered.

– Using several subchannels among 60 subchannels (24+4 

subcarrieres (Ref. 1, Fig. 13)

• Channel Model

– LOS: Free-space path loss (ideal model)

– NLOS: Modified Okumura-Hata model [2]

• Time and location probabilities are not considered as in ITU-R P1546-

1 model [3]. 
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Link Budget in LOS channel (1)
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• Fixed CPE -> Base station (Fixed) (non-adjacent channel)

– Receiver sensitivity: -94.5 dBm

Antenna Gain= 6 (dBi)

93.734 187.47 374.94 749.88 1499.8 2812 5436.6
1 sub-ch 2 sub-ch 4 sub-ch 8 sub-ch 16 sub-ch 30 sub-ch 58 sub-ch

66 (4ch) 158.27 223.83 316.54 447.66 633.09 866.89 1205.4

85 (6ch) 122.89 173.79 245.78 347.59 491.57 673.11 935.93

177 (7Ch) 59.01 83.46 118.03 166.92 236.06 323.24 449.45

213 (13Ch) 49.04 69.35 98.08 138.71 196.16 268.61 373.49

473 (14ch) 22.08 31.23 44.16 62.46 88.33 120.96 168.19

515 (21 ch) 20.28 28.68 40.56 57.37 81.13 111.09 154.47

596 (35 ch) 17.52 24.78 35.05 49.57 70.1 95.99 133.48

695 (51 ch) 15.03 21.25 30.06 42.51 60.12 82.32 114.46

Fixed (Upstream)

Center Frequency

[MHz]

Signal Bandwidth [kHz]

Table 2  Achievable communication distance (in km)
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Link Budget in LOS channel (2)
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• Fixed CPE <->Fixed CPE (non-adjacent channel)

– Receiver sensitivity: -91.3 dBm

Antenna Gain= 6 (dBi)

93.734 187.47 374.94 749.88 1499.8 2812 5436.6
1 sub-ch 2 sub-ch 4 sub-ch 8 sub-ch 16 sub-ch 30 sub-ch 58 sub-ch

66 (4ch) 109.48 154.82 218.95 309.64 437.91 599.62 833.74

85 (6ch) 85.004 120.21 170.01 240.43 340.02 465.59 647.38

177 (7Ch) 40.821 57.73 81.643 115.46 163.29 223.59 310.89

213 (13Ch) 33.922 47.973 67.844 95.946 135.69 185.8 258.34

473 (14ch) 15.276 21.603 30.551 43.206 61.104 83.668 116.34

515 (21 ch) 14.03 19.841 28.06 39.683 56.12 76.844 106.85

596 (35 ch) 12.123 17.145 24.246 34.289 48.493 66.401 92.327

695 (51 ch) 10.396 14.703 20.793 29.405 41.586 56.942 79.175

Fixed (Upstream)

Center Frequency

[MHz]

Signal Bandwidth [kHz]

Table 3 Achievable communication distance (in km)
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Link Budget in LOS channel (3)
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• Portable CPE -> Base station, non-adjacent channel

– Operating only in 21-51 TV ch

– Sensitivity: -94.5 dBm

Antenna Gain= 0 (dBi)

93.734 187.47 374.94 749.88 1499.8 2812 5436.6
1 sub-ch 2 sub-ch 4 sub-ch 8 sub-ch 16 sub-ch 30 sub-ch 58 sub-ch

515 (21 ch) 3.21 4.54 6.42 9.09 12.85 17.6 24.48

596 (35 ch) 2.77 3.92 5.55 7.85 11.11 15.21 21.15

695 (51 ch) 2.38 3.36 4.76 6.73 9.52 13.04 18.14

Portable (Upstream)

Center Frequency

[MHz]

Signal Bandwidth [kHz]

Table 4 Achievable communication distance (in km)
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Link Budget in LOS channel (4)
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• Portable CPE -> Fixed and portable CPE, non-

adjacent channel

– Receiver sensitivity: -91.3 dBm

Antenna Gain= 0 (dBi)

93.734 187.47 374.94 749.88 1499.8 2812 5436.6
1 sub-ch 2 sub-ch 4 sub-ch 8 sub-ch 16 sub-ch 30 sub-ch 58 sub-ch

515 (21 ch) 2.2236 3.1446 4.4472 6.2893 8.8945 12.179 16.934

596 (35 ch) 1.9214 2.7173 3.8428 5.4345 7.6857 10.524 14.633

695 (51 ch) 1.6477 2.3302 3.2954 4.6604 6.5909 9.0247 12.548

Portable (Upstream)

Center Frequency

[MHz]

Signal Bandwidth [kHz]

Table 5 Achievable communication distance (in km)
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Link Budget in LOS channel (5)
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• Portable CPE -> Portable CPE, adjacent channel

– Transmit PSD limit : -1.4dBm/100kHz

– Receiver sensitivity: -91.3 dBm

Antenna Gain= 0 (dBi)

93.734 187.47 374.94 749.88 1499.8 2812 5436.6
1 sub-ch 2 sub-ch 4 sub-ch 8 sub-ch 16 sub-ch 30 sub-ch 58 sub-ch

515 (21 ch) 1.403 1.9841 2.806 3.9683 5.612 7.6844 10.685

596 (35 ch) 1.2123 1.7145 2.4246 3.4289 4.8493 6.6401 9.2327

695 (51 ch) 1.0396 1.4703 2.0793 2.9405 4.1586 5.6942 7.9175

Portable (Upstream)

Center Frequency

[MHz]

Signal Bandwidth [kHz]

Table 6  Achievable communication distance (in km)



doc.: IEEE 802.22-12/0054r0

Submission

Link Budget in NLOS channel (1)
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• Fixed CPE -> Base station (non-adjacent channel)

– Receiver sensitivity: -94.5 dBm

• NLOS (Modified Hata Model, Ref. 2.)

– Tx antenna height: 0.5 m; Rx antenna height: 30 m

Antenna Gain= 6 (dBi)

93.734 187.47 374.94 749.88 1499.8 2812 5436.6
1 sub-ch 2 sub-ch 4 sub-ch 8 sub-ch 16 sub-ch 30 sub-ch 58 sub-ch

66 (4ch) 11.026 13.426 16.326 19.876 23.626 27.626 32.326

85 (6ch) 9.526 11.576 14.076 17.176 20.776 24.276 28.526

177 (7Ch) 6.126 7.426 9.076 11.026 13.426 16.026 19.376

213 (13Ch) 5.426 6.576 8.026 9.776 11.876 14.226 17.126

473 (14ch) 3.376 4.076 4.976 6.076 7.376 8.826 10.626

515 (21 ch) 3.226 3.926 4.776 5.776 7.026 8.426 10.176

596 (35 ch) 2.976 3.626 4.376 5.376 6.526 7.776 9.376

695 (51 ch) 2.726 3.326 4.076 4.926 6.026 7.176 8.676

Fixed (Upstream)

Center Frequency

[MHz]

Signal Bandwidth [kHz]

Table 7  Achievable communication distance (in km)
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Link Budget in NLOS channel (2)
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• Fixed CPE -> Fix or Portable CPE (non-adjacent channel)

– Receiver sensitivity: -91.3 dBm

• NLOS (Modified Hata Model, Ref. 2.)

– Tx antenna height: 0.5 m; Rx antenna height: 30 m

Antenna Gain= 6 (dBi)

93.734 187.47 374.94 749.88 1499.8 2812 5436.6
1 sub-ch 2 sub-ch 4 sub-ch 8 sub-ch 16 sub-ch 30 sub-ch 58 sub-ch

66 (4ch) 8.926 10.876 13.226 16.126 19.626 23.026 27.076

85 (6ch) 7.726 9.376 11.426 13.926 16.926 20.226 23.826

177 (7Ch) 4.976 6.026 7.326 8.926 10.876 13.026 15.676

213 (13Ch) 4.376 5.326 6.526 7.926 9.626 11.526 13.926

473 (14ch) 2.726 3.326 4.026 4.926 5.976 7.176 8.626

515 (21 ch) 2.576 3.176 3.876 4.676 5.726 6.826 8.226

596 (35 ch) 2.426 2.926 3.576 4.326 5.276 6.326 7.626

695 (51 ch) 2.226 2.726 3.276 4.026 4.876 5.826 7.026

Fixed (Upstream)

Center Frequency

[MHz]

Signal Bandwidth [kHz]

Table 8 Achievable communication distance (in km)
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Link Budget in NLOS channel (3)

May 2012

Shigenobu Sasaki and Binxuan Zhao, Niigata UniversitySlide 12

• Portable CPE -> Base station, non-adjacent channel

– Operating only in 21- 51 TV chs.

– Sensitivity: -94.5 dBm

• NLOS (Modified Hata Model, Ref. 2.)

– Tx antenna height: 0.5 m; Rx antenna height: 30 m

Antenna Gain= 0 (dBi)

93.734 187.47 374.94 749.88 1499.8 2812 5436.6
1 sub-ch 2 sub-ch 4 sub-ch 8 sub-ch 16 sub-ch 30 sub-ch 58 sub-ch

515 (21 ch) 1.126 1.376 1.676 2.026 2.476 2.976 3.576

596 (35 ch) 1.026 1.276 1.526 1.876 2.276 2.726 3.276

695 (51 ch) 0.976 1.176 1.426 1.726 2.126 2.526 3.026

Portable (Upstream)

Center Frequency

[MHz]

Signal Bandwidth [kHz]

Table  9  Achievable communication distance (in km)
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Link Budget in NLOS channel (4)
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• Portable CPE -> Fixed and portable CPE, non-

adjacent channel

– Receiver sensitivity: -91.3 dBm

• NLOS (Modified Hata Model, Ref. 2.)

– Tx antenna height: 0.5 m; Rx antenna height: 30 m

Antenna Gain= 0 (dBi)

93.734 187.47 374.94 749.88 1499.8 2812 5436.6
1 sub-ch 2 sub-ch 4 sub-ch 8 sub-ch 16 sub-ch 30 sub-ch 58 sub-ch

515 (21 ch) 0.926 1.126 1.376 1.626 2.026 2.376 2.876

596 (35 ch) 0.826 1.026 1.276 1.526 1.876 2.226 2.676

695 (51 ch) 0.776 0.926 1.176 1.426 1.726 2.076 2.476

Portable (Upstream)

Center Frequency

[MHz]

Signal Bandwidth [kHz]

Table 10  Achievable communication distance (in km)
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Link Budget in NLOS channel (5)
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• Portable CPE -> Portable CPE, adjacent channel

– Operating only in 21- 51 TV chs

– Transmit PSD limit : -1.4dBm/100kHz

– Receiver sensitivity: -91.3 dBm

• NLOS (Modified Hata Model, Ref. 2.)

– Tx antenna height: 0.5 m; Rx antenna height: 30 m

Antenna Gain= 0 (dBi)

93.734 187.47 374.94 749.88 1499.8 2812 5436.6
1 sub-ch 2 sub-ch 4 sub-ch 8 sub-ch 16 sub-ch 30 sub-ch 58 sub-ch

515 (21 ch) 0.726 0.876 1.026 1.276 1.526 1.826 2.226

596 (35 ch) 0.626 0.776 0.976 1.176 1.426 1.726 2.076

695 (51 ch) 0.626 0.726 0.876 1.076 1.326 1.576 1.926

Portable (Upstream)

Center Frequency

[MHz]

Signal Bandwidth [kHz]

Table 11  Achievable communication distance (in km)
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Discussion

• Through the link budget calculations the following 

observations are drawn:

– Fixed CPE (outdoor) seems to have enough capability to cover 

low-rate regional applications, but use of higher number of  

subchannels is desirable for larger coverage in the case of NLOS

channel.

– Portable CPE (indoor and outdoor) has limited coverage,  

especially when it operates in adjacent channel of incumbents.
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