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A Study of Development of Transmission Systems for
Next-generation Terrestrial 4K UHD & HD Convergence Broadcasting
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Abstract

The worldwide transition from analog to digital broadcasting has now been completed and the need to study next generation
standards for Ultra High Definition TV (UHDTV) broadcasting, and broadcasting & communication convergence systems is rapidly
growing. In particular, high resolution mobile broadcasting services are needed to satisfy recent consumers. Therefore, the
development of highly efficient convergence broadcasting systems that provide fixed/mobile broadcasting through a single channel
is needed. In this paper, a service scenario and requirements for providing 4K UHD & HD convergence broadcasting services
through a terrestrial single channel are analyzed by employing the latest transmission and A/V codec technologies. Optimized
transmission parameters for 6 MHz & 8 MHz terrestrial bandwidths are drawn, and receiving performances are measured under
Additive White Gaussian Noise (AWGN) and time-varying multipath channels. From the results, in a 6 MHz bandwidth, the
reliable receiving of HD layer data can be achieved when the receiver velocity is maximum 140 Km/h and is not achieved when
the velocity is over 140 Km/h due to the limit of bandwidth. When the bandwidth is extended to 8 MHz, the reliable receiving of
both 4K UHD and HD layer data is achieved under a very fast fading multipath channel.

Keyword : Digital convergence broadcasting, 4K UHD broadcasting, Mobile HD broadcasting, Digital broadcasting
transmission systems
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Fig. 1. Domestic terrestrial static & mobile digital broadcasting services, systems, and problems
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Table 2. Optimized transmission parameters for 6 MHz bandwith (4K UHD layer: 256 QAM modulation, HD layer: 16 QAM modulation)

No. Total Data | 4K Layer Data HD Layer Data 4K Layer HD Layer FFT Size Guard Pilot Num. of Frame

Rate(bps) Rate (bps) Rate(bps) Coderate Coderate Interval Mode Syms* Length
1| 28,439,336 21,329,502 7,109,834 4/5 4/5 8192 1/128 PP7 200 243.51 ms
2 | 29,344,584 22,234,750 7,109,834 5/6 4/5 8192 1/128 PP7 200 243.51 ms
3 | 28,949,373 21,712,029 7,237,343 5/6 5/6 8192 1/32 PP7 200 249.16 ms
* Number of OFDM Symbols in a frame

204 £ D)
| Cz;ﬂie;rs (8,192 + 64&22)8:;; 2ttt (8,192 + 64 (CF) ) x 200 = 1,651,200 Carriers J

« Total Carriers Number: 1,669 760 »

Data

6,788 x 200 = 1,357 600 Carriers

< Active Sub-Carriers Number: 1,357 600, 19% Carriers are used for CP, P1, and efc.. »

J21 7. No.1 & mi2folefof mE e & =
Fig 7. Number of total carriers and active carriers in a transmission frame of transmission parameter No. 1
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H 3. 6MHz CHEZE0|MQ| 18 & m2HE (4K UHD #lE: 256 QAM X,
Table 3. No. 1 Optimized transmission parameters for 6 MHz bandwith (4K UHD layer: 256 QAM modulation, HD layer: 16 QAM modulation)

HD #5: 16 QAM Hi%)

Total Data | 4K Layer Data | HD Layer Data 4K Layer HD Layer . Guard .
No. Rate(bps) Rate (bps) Rate(bps) Coderate Coderate FFT Size Interval Pilot Mode Frame Length
1 28,439,336 21,329,502 7,109,834 4/5 4/5 8192 1/32 PP7 243.51 ms

* Number of OFDM Symbols in a frame

BER Performances over TU6 Channel (FFTSize: 8192, Guard Interval: 1/128, Pilot Mode: PP7, Bandwidth: 6MHz
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Fig 8. 4K UHD & HD layer BER performances under TU6 channel and AWGN (Transmission parameter No. 1, 6 MHz bandwidth)
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E 4. 6MHz CHYIZ0|Mo| 21 M& mi2lHE (4K UHD AIS: 256 QAM HiZ, HD AIS: 16 QAM HiX)
Table 4. No. 2 Optimized transmission parameters for 6 MHz bandwith (4K UHD layer: 256 QAM modulation, HD layer: 16 QAM modulation)

No Total Data | 4K Layer Data | HD Layer Data 4K Layer HD Layer FET Size Guard Pilot Num. of Frame Length
"| Rate(bps) Rate (bps) Rate(bps) Coderate Coderate Interval Mode Syms* 9
2 | 29,344,584 22,234,750 7,109,834 5/6 4/5 8192 1/128 PP7 200 243.51 ms

* Number of OFDM Symbols in a frame

BER Performances over TU6 Channel (FFTSize: 8192, Guard Interval: 1/128, Pilot Mode: PP7, Bandwidth: 6MHz
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Fig 9. 4K UHD & HD layer BER performances under TU6 channel and AWGN (Transmission parameter No. 2, 6 MHz bandwidth)
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E 5. 6MHz CHH=Z0|Me| 3 ME mi2iHE| (4K UHD Al 256 QAM HiZ, HD |5 16 QAM HiX)
Table 5. No. 3 Optimized transmission parameters for 6 MHz bandwith (4K UHD layer: 256 QAM modulation, HD layer: 16 QAM modulation)

No Total Data | 4K Layer Data | HD Layer Data | 4K Layer | HD Layer FET Size Guard Pilot Num. of Frame
"| Rate(bps) Rate (bps) Rate(bps) Coderate Coderate Interval Mode Syms* Length
3 | 28,949,373 21,712,029 7,237,343 5/6 5/6 8192 1/32 PP7 200 249.16 ms

* Number of OFDM Symbols in a frame

BER Performances over TU6 Channel (FFTSize: 8192, Guard Interval: 1/32, Pilot Mode: PP7, Bandwidth: 6MHz
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Fig 10. 4K UHD & HD layer BER performances under TU6 channel and AWGN (Transmission parameter No. 3, 6 MHz bandwidth)
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X 6 6MHz CHHZof|AMe] =£5I ME Ti2iHE] (4K UHD AIS: 256 QAM HZ, HD A& 16 QAM Hix)
Table 6 Optimized transmission parameters for 6 MHz bandwith (4K UHD layer: 256 QAM modulation, HD layer: 16 QAM modulation)

No. Total Data | 4K Layer Data | HD Layer Data | 4K Layer | HD Layer FFT Size Guard Pilot Num. of Frame
Rate(bps) Rate (bps) Rate(bps) Coderate Coderate Interval Mode Syms* Length

1 28,439,336 21,329,502 7,109,834 4/5 4/5 8192 1/128 PP7 200 243.51 ms

2 | 29,344,584 22,234,750 7,109,834 5/6 4/5 8192 1/128 PP7 200 24351 ms

3 | 28,949,373 21,712,029 7,237,343 5/6 5/6 8192 1/32 PP7 200 249.16 ms

* Number of OFDM Symbols in a frame

H 7. 6MHz iHZ0|M =&E ME Di2HHE{o| = TOV (Threshold of Visibility) &S
Table 7. TOV (Threshold of Visibility) of optimized transmission parameters for 6 MHz bandwidth

4K UHD Layer
Parameter No AWGN TU-6 (40 Km/h) TU-6 (60 Km/h)
1 20.8 dB 26.6 dB 30.8 dB
2 21.8 dB 28.6 dB 41.8 dB
3 21.8 dB 28.6 dB 41.8 dB
HD Layer
Parameter No AWGN TU-6 (70 Km/h) TU-6 (140 Km/h)
1 9.9 dB 15.6 dB 20.3 dB
2 9.9 dB 15.6 dB 20.3 dB
3 10.6 dB 16.7 dB 31.5 dB
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I 8. 8MHz CHAZO||AS] £l ME i2tHE (4K UHD AE: 256 QAM
Table 8. Optimized transmission parameters for 8 MHz bandwith (4K UHD layer: 256 QAM modulation, HD

W4 =EA A199 A6E, 20149 119 (JBE Vol. 19, No. 6, November 2014)

H{x

[

HD #Z: 16 QAM HX)>

layer: 16 QAM modulation)

No. Total Data | 4K Layer Data | HD Layer Data | 4K Layer | HD Layer FFT Size Guard Pilot Num. of Frame Length
Rate(bps) Rate (bps) Rate(bps) Coderate Coderate Interval | Mode Syms*

1 | 30,318,345 23,101,054 7,217,290 4/5 3/4 1024 1/8 PP2 1,900 24351 ms

2 | 30,251,372 23,039,165 7,197,955 4/5 3/4 2048 1/8 PP2 950 24351 ms

3 | 31,008,536 23,919,515 7,089,020 3/4 2/3 2048 116 PP4 1000 249.16 ms

4 | 30,508,286 23,245,780 7,262,506 4/5 3/4 4096 1/8 PP2 475 241.64 ms

5 | 31,294,731 24,140,281 7,154,449 3/4 2/3 4096 116 PP4 500 240.128 ms

H 9. 8MHz CHYZ0|AQ] 1H & D2I0|E (4K UHD Hi3: 256 QAM

H{=x

[

* Number of OFDM Symbols in a frame

HD 75 16 QAM HiZ)

Table 9. No. 1 Optimized transmission parameters for 8 MHz bandwith (4K UHD layer: 256 QAM modulation, HD layer: 16 QAM modulation)

No Total Data | 4K Layer Data | HD Layer Data 4K Layer HD Layer FFT Size Guard Pilot Num. of Frame
| Rate(bps) Rate (bps) Rate(bps) Coderate Coderate Interval | Mode Syms* Length
1 | 30,318,345 23,101,054 7,217,290 4/5 3/4 1024 1/8 PP2 1,900 243.51 ms

32l 11. TUB & AWGN #AfdofiMe] 4K UHD & HD A% BER s (M

* Number of OFDM Symbols in a frame

BER Performances over TU6 Channel (FFTSize: 1024, Guard Interval: 1/8, Pilot Mode: PP2, Bandwidth: 8MHz
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Fig 11. 4K UHD & HD layer BER performances under TU6 channel and AWGN (Transmission parameter No. 1, 8 MHz bandwidth)
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E 10. 8MHz CidZofrMe] 281 M4 T2IHE] (4K UHD AlS: 256 QAM HiZ, HD #|Z: 16 QAM HiZX)
Table 10. No. 2 Optimized transmission parameters for 8 MHz bandwith (4K UHD layer: 256 QAM modulation, HD layer: 16 QAM modulation)

No Total Data | 4K Layer Data | HD Layer Data 4K Layer HD Layer FET Size Guard Pilot Num. of Frame
"| Rate(bps) Rate (bps) Rate(bps) Coderate Coderate Interval | Mode Syms* Length
2 | 30,251,372 23,039,165 7,197,955 4/5 3/4 2048 1/8 PP2 950 243.51 ms

BER Performances over TU6 Channel (FFTSize: 2048, Guard Interval: 1/8, Pilot Mode: PP2, Bandwidth: 8MH:z
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Fig 12. 4K UHD & HD layer BER performances under TU6 channel and AWGN (Transmission parameter No. 2, 8 MHz bandwidth)
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Table 11. No. 3 Optimized transmission parameters for 8 MHz bandwith (4K UHD layer: 256 QAM modulation, HD layer: 16 QAM modulation)

Hi=x

(LA

2 AN9AE A6Z, 20149 11¢€ (JBE Vol. 19, No. 6, November 2014)

HD I5: 16 QAM HX)

No Total Data 4K Layer Data HD Layer Data 4K Layer HD Layer FFT Size Guard Pilot Num. of Frame
‘| Rate(bps) Rate (bps) Rate(bps) Coderate Coderate Interval Mode Syms* Length
3 | 31,008,536 23,919,515 7,089,020 3/4 2/3 2048 116 PP4 1000 249.16 ms

* Number of OFDM Symbols in a frame

BEROPerformances over TU6 Channel (FFTSize: 2048, Guard Interval: 1/16, Pilot Mode: PP4, Bandwidth: 8MHz
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Fig 13. 4K UHD & HD layer BER performances under TU6 channel and AWGN (Transmission parameter No. 3, 8 MHz bandwidth)
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E 12. 8MHz CHZ0|AQ| 4 M& m2ioE] (4K UHD AZ: 256 QAM BiZ, HD HZ:
Table 12. No. 4 Optimized transmission parameters for 8 MHz bandwith (4K UHD layer: 256 QAM modulation, HD layer: 16 QAM modulation)

16 QAM HiZ)

No Total Data | 4K Layer Data | HD Layer Data 4K Layer HD Layer FFT Size Guard Pilot Num. of Frame
‘| Rate(bps) Rate (bps) Rate(bps) Coderate Coderate Interval | Mode Syms* Length
4 | 30,508,286 23,245,780 7,262,506 4/5 3/4 4096 1/8 PP2 475 241.64 ms

* Number of OFDM Symbols in a frame

BER Puenrfonnancec over TUG Channel (FFTSize: 4096, Guard Interval: 1/8, Filot Mode: PP2, Bandwidth: 8MHz
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Fig 14. 4K UHD & HD layer BER performances under TU6 channel and AWGN (Transmission parameter No. 4, 8 MHz bandwidth)
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E 13. 8MHz CHYZof|AQ| 511 F& m2iHE] (4K UHD #HS: 256 QAM BT, HD #|5: 16 QAM HiX)
Table 13. No. 5 Optimized transmission parameters for 8 MHz bandwith (4K UHD layer: 256 QAM modulation, HD layer: 16 QAM modulation)

No Total Data | 4K Layer Data | HD Layer Data 4K Layer HD Layer FFT Size Guard Pilot Num. of Frame
"| Rate(bps) Rate (bps) Rate(bps) Coderate Coderate Interval Mode Syms* Length
5 | 31,294,731 24,140,281 7,154,449 3/4 2/3 4096 116 PP4 500 240.128 ms

* Number of OFDM Symbols in a frame

BER Performances over TU6 Channel (FFTSize: 4096, Guard Interval: 1/16, Pilot Mode: PP4, Bandwidth: 8MHz
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Fig 15. 4K UHD & HD layer BER performances under TU6 channel and AWGN (Transmission parameter No. 5, 8 MHz bandwidth)
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X 14. 8MHz ™=Z0|Me| =£E ME T2iHE (4K UHD AlE: 256 QAM HiZ, HD 7|5 16 QAM HX)
Table 14. Optimized transmission parameters for 8 MHz bandwith (4K UHD layer: 256 QAM modulation, HD layer: 16 QAM modulation)

No. Total Data | 4K Layer Data | HD Layer Data 4K Layer HD Layer FET Size Guard Pilot Num. of Frame
Rate(bps) Rate (bps) Rate(bps) Coderate Coderate Interval | Mode Syms* Length

1 | 30,318,345 23,101,054 7,217,290 4/5 3/4 1024 1/8 PP2 1,900 243.51 ms

2 | 30,251,372 23,039,165 7,197,955 4/5 3/4 2048 1/8 PP2 950 243.51 ms

3 | 31,008,536 23,919,515 7,089,020 3/4 2/3 2048 1/16 PP4 1000 249.16 ms

4 | 30,508,286 23,245,780 7,262,506 4/5 3/4 4096 1/8 PP2 475 241.64 ms

5 | 31,294,731 24,140,281 7,154,449 3/4 2/3 4096 116 PP4 500 240.128 ms

* Number of OFDM Symbols in a frame

H 15. 8MHz tHY=0|lM =&E ME TEIHEo]| [HE TOV (Threshold of Visibility) &5
Table 15. TOV (Threshold of Visibility) of optimized transmission parameters for 8 MHz bandwidth

4K UHD Layer
Parameter No. AWGN TU-6 (70 Km/h) TU-6 (140 Km/h) TU-6 (210 Km/h)
1 20.9 dB 26.4 dB 26.2 dB 26.1 dB
2 20.9 dB 254 dB 25.8 dB 26.3 dB
3 19.5 dB 242 dB 24.0 dB 24.3 dB
4 20.9 dB 26.8 dB 27.9 dB X
5 19.5 dB 243 dB 24.6 dB 28.1 dB
HD Layer
Parameter No. AWGN TU-6 (70 Km/h) TU-6 (140 Km/h) TU-6 (210 Km/h)
1 9.0 dB 16.0 dB 13.8 dB 14.1 dB
2 9.0 dB 13.9 dB 14.4 dB 13.9 dB
3 7.6 dB 12.9 dB 12.3 dB 11.4 dB
4 9.0 dB 14.2 dB 13.9 dB 14.5 dB
5 7.6 dB 12.8 dB 12.4 dB 12.2 dB

a9 12~159 % 15¢ A% gEE 1~590 we} 724
z} £A1719] 57} 70Knvh, 140Kmv/h, 210Km/he) TU-6
A oA 355 YERA 1”olth o]E B3l 8 MHz
HFoN =EH BE A% JHHEHES o8& o
TU-6 Ad 3loll A 4K UHD Al%<] 4% 24.3 dB ~ 28.1
dBe] TOVE, HD A%< %% 128 dB ~ 16.0 dB & TOV
£ HYS & & ) o] Bl 1 (static) A'd A
A] 4K UHD A% Hlo|Ele] A&t F41s AT & 3
i, T3 a1 210 Kmh 41 £59 o9 e 2upd
270l A1) HD A5 dHolE o] d&st FA1s 11
Atk Sold whgh He M gheeE 1HI} 29 4

g0l AA Apol7F YA et AHoln, ol Hil 210

Km/he] =41 &£ 504 10249} 20482] FFT Z7]0l w2

Al Aol A9 gtk A om|git). Tt dAF g

WE 23 3, 4T sH ARE F3) B #1719

A7)E Eola A FE &S Y A5 Bt A
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=z =0 o
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