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VHF和UHF频段第二代数字地面电视广播系统的 

包括保护比的规划标准 

（2013-2015年） 

范围 

本建议书为VHF/UHF频段内提供第二代数字地面电视广播（DTTB）系统的各种方法确定了包

括保护比的规划标准。 

关键词 

DTTB、DVB-T2、ISDB-T、规划标准、保护比、第二代 

国际电联无线电通信全会， 

考虑到 

a) ITU-T BT.1306建议书制定了广播频段中使用的现称为当前系统的数字地面电视系

统； 

b) 目前已部署的这些第一代DTTB系统被用于传输VHF/UHF频段的数字地面电视业

务； 

c) 许多主管部门的模拟电视业务已逐渐退出VHF/UHF电视频段； 

d) DTTB电视业务将在很长时间内继续得到使用； 

e) 在VHF/UHF波段存在多种干扰，包括同频道和邻频道干扰、点火噪声、多径和其他

信号失真； 

f) 频道编码和调制领域最新的进展产生了新的技术，其性能正在接近香农（Shannon）

极限； 

g) ITU-R BT.1877建议书规定了第二代数字地面电视广播系统的纠错、数据成帧、调制

和发射方法； 

h) 与当前系统相比，这些新的数字技术将提供更高的频谱和/或功效，同时保留了针对

特定广播带宽和功率资源进行灵活配置的可能性； 

i) 建议的系统利用了允许在最低C/N门限或最大传输容量的运行条件之间进行广泛权衡

取舍的技术； 

j) ITU-R BT.1368建议书确定了在VHF/UHF频段提供第一代数字地面电视业务的各种方

法的规划标准； 

k) 能得到各主管部门同意的、一致的规划准则条款，将便于引入数字地面电视业务， 
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建议 

应将包括附件1和2给出的保护比（PR）和相关最小场强值得相关规划标准，用作第二

代地面数字电视业务频率规划的基础。 

注 – 附件4和6是建议书的组成部分。附件3和5旨在通报情况。 

引言 

本建议书包含下面的附件： 

附件1 – 用于VHF和UHF频段7和8 MHz频道带宽第二代数字地面电视广播系统（包括保护比

在内）的规划标准 

附件2 – 用于VHF和UHF频段6 MHz信道带宽第二代数字地面电视广播系统（包括保护比在

内）的规划标准 

附件3 – 英国和俄联邦的补充测试结果 

附件4 – 天线类型和天线识别以及高度损耗等其它规划因素 

附件5 – 主观故障点说明 

附件6 – 对流层干扰和连续波干扰 

总则 

射频保护比是有用与无用信号电平比的最小值，通常以接收机输入端的分贝（dB）值

表示。 

本建议书确定的保护比，以利用[1]确定的测试方法和信号功率参考的测量为依据。 

请主管部门提供补充测量结果，以充实本建议书。 

有用地面数字电视系统 

数字地面电视系统保护比适用于连续波和对流层干扰。该保护比涉及有用数字地面电

视系统的中心频率。 

由于数字电视接收机必须能够在相邻频道受到强烈信号干扰的情况下正常运行，接收

机必须具有高度的前端线性。 

作为干扰系统的数字地面电视系统的保护比，适用于有用和无用信号未经同步和/或不

具有共同节目来源的情况。 

保护比的测量，是以利用[1]确定的主观故障点（SFP）方法在图像故障初现时设置的干

扰条件为依据的。 

 

  



 ITU-R  BT.2033-1 建议书 3 

目录 

页码 

附件1 （规范性） – 用于VHF和UHF频段7和8 MHz信道带宽DVB 第二代数字地面电

视系统（包括保护比在内）的规划标准 ..................................................................  5 

1 DVB-T2有用数字地面电视信号的保护比 ................................................................  5 

1.1 有用信号配置 ................................................................................................  5 

1.2 LTE干扰信号特性 .........................................................................................  6 

1.3 适用于保护比和过载门限表的注释 ............................................................  6 

1.4 DVB-T2地面数字电视信号受DVB-T2地面数字电视信号干扰的保护 ....  7 

1.5 DVB-T2受LTE OFDMA和SC-FDMA信号干扰的保护比和过载门限 .....  8 

1.6 不同有用DVB-T系统变体和不同接收条件的校正系数 ............................  14 

1.7 用于共用研究的PR和Oth选择 ......................................................................  15 

1.8 对保护比的瞬态干扰效应 ............................................................................  15 

2 DVB-T2地面数字电视的最小场强 ............................................................................  16 

3 参考文献 ......................................................................................................................  19 

附件1的后附资料1 – 最小场强和最小中值等效场强的计算 ..............................................  19 

附件1的后附资料2 – 铁盒调谐器测试结果 ..........................................................................  20 

附件1的后附资料3 – 瞬态干扰对保护比的影响 ..................................................................  24 

1 背景 ..............................................................................................................................  24 

2 测量 ..............................................................................................................................  25 

2.1 信号源 ............................................................................................................  25 

2.2 频率偏移 ........................................................................................................  26 

2.3 测量程序 ........................................................................................................  26 

2.4 经测试的接收机 ............................................................................................  27 

3 结果 ..............................................................................................................................  27 

4 结论 ..............................................................................................................................  30 

附件1的后附资料4 – 电视调谐器的技术与特性 ..................................................................  31 

 



4 ITU-R  BT.2033-1 建议书 

页码 

附件 2 （规范性） – 用于VHF和UHF频段6 MHz信道带宽DVB 第二代数字地面电视

广播系统（包括保护比在内）的规划标准 ..............................................................  32 

1 6 MHz的DVB-T2有用数字地面电视信号的保护比 .................................................  32 

1.1 DVB-T2有用信号受数字地面电视信号干扰的保护比 ..............................  32 

1.2 DVB-T2有用信号受模拟地面电视信号干扰的保护比 ..............................  35 

附件3 （情况通报） – 补充测试结果 ...................................................................................  36 

1 英国的补充测试结果 ..................................................................................................  36 

2 俄联邦的补充测试结果 ..............................................................................................  36 

附件4  （规范性） – 其它规划因素 ......................................................................................  37 

1 场强随地点的分布 ......................................................................................................  37 

2 应用便携设备在大楼和汽车内的接收 ......................................................................  38 

2.1 高度损耗：Lh .................................................................................................  38 

2.2 大楼入口损耗：Lb .........................................................................................  38 

2.3 汽车入口损耗：Lv .........................................................................................  39 

3 接收天线鉴别 ..............................................................................................................  39 

4 便携和移动接收机用的天线 ......................................................................................  39 

4.1 便携接收用的天线 ........................................................................................  39 

4.2 手持接收用的天线 ........................................................................................  39 

4.3 移动接收用的天线 ........................................................................................  40 

5 人为噪声（MMN） ....................................................................................................  40 

附件5  （情况通报） – 故障点评估方法 ..............................................................................  41 

1 保护比测量使用的主观失效点（SFP）方法 ............................................................  41 

附件6  （规范性） – 对流层干扰和连续波干扰 ..................................................................  42 

1 对流层干扰和连续波干扰 ..........................................................................................  42 

 

  



 ITU-R  BT.2033-1 建议书 5 

附件1 

（规范性） 

 

用于VHF和UHF频段7和8 MHz信道带宽DVB第二代数字 

地面电视系统（包括保护比在内）的规划标准 

1 DVB-T2有用数字地面电视信号的保护比 

1.1 有用信号配置 

为减少测量和表格的数目，建议按表1提及的以下模式对DVB-T系统进行保护比测量。

可从给出的测量值中计算出不同必要运行模式的保护比值。除非另有说明，本附件的所有数

据都符合这一模式。 

表1 

用于保护比测量的优选DVB-T2模式类型 

综合 参数值 

FFTSIZE 32 K 

GI 1/128 

数字符号 59 

SISO/MISO SISO 

PAPR 无 

每个超帧的帧 2 

带宽 8 MHz 

扩展带宽模式 有 

导频模式 PP7 

L1调制 64 QAM 

PLP #0  

类型 1 

调制 256 QAM 

速率 2/3 

FEC类型 64 800 

旋转QAM 有 

每交织帧的FEC组 202 

每个帧的TI组（N_TI） 3 

每个交织帧的T2帧（P_I） 1 

帧间隔（I_JUMP） 1 

时间交织类型 0 

时间交织长度 3 

C/N（AWGN 信道）dB 19.7 

数据速率Mbit/s 40.2 
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1.2 LTE干扰信号特性 

本建议书提出的LTE基站（BS）和用户设备（UE）的保护比和过载门限是以从三种不

同业务装载的实际BS和UE装置录制的宽度为10 MHz的LTE波形测量为依据的。这些录制资

料经过滤波除去频段记录瑕疵，并格式化为适用于标准实验室矢量信号发生器播放的I/Q数

据。 

BS业务负载可划分为以下类型： 

a) 闲置 – 主要由具有偶发数据的同步化和广播信号组成； 

b) 50%负载 – 中等负载； 

c) 100% 负载 – 所有资源组全时投入使用。 

UE业务负载可分为以下类型： 

a) 1 Mbit/s – 指在一定时间内使用以下部分资源组的轻负载； 

b) 10 Mbit/s – 中等负载； 

c) 20 Mbit/s – 高负载。 

较轻业务负载波形的功率会有较大时间变化，从而引起某些接收机的PR和Oth恶化。 

1.3 适用于保护比和过载门限表的注释 

为避免重复，除非另有说明，以下注释适用于表2至11和表14至18。 

注1 – 保护比值的百分位的第90位对相当于给定频偏和参数下，被测量接收机的90%，同时应采用过

载门限的百分位的第10位来保护90%的经测量接收机。 

注2 – f 为无用信道的中心频率与有用信道的中心频率之间的差值。 

注3 – NR：未达到Oth。即在该频偏，保护比是占主导地位的标准。因此，由于干扰信号在达到其

Oth之前C/I不足（<PR），DVB-T接收机受到其干扰。 

注4 – 除非干扰信号电平高于对应的Oth，否则PR即可适用。如果干扰信号电平高于对应的Oth，那么

无论信干比是多少，接收机总要受到干扰信号的干扰。 

注5 – 在接近接收机灵敏度的有用信号电平，应考虑噪声。如灵敏度为+3 dB，应在PR上增加3 dB。 

注6 – 可采用本附件第4节表50中的校正系数获得不同系统版本和各种接收条件的PR。假定过载门限

与系统不同版本和接收条件无关。 

注7 – 保护比值取整到最接近的整数上。 

注8 – 有关数字视频广播（DVB）的ETSI TS 102 831的第14.1节，对莱斯和静态瑞利衰落信道做了说

明；第二代数字地面电视广播系统（DVB-T2）的实施导则。关于数字视频广播（DVB）的ETSI EN 

300 744也对这些问题做了描述，包括数字地面电视（DVB-T）的成帧结构、信道编码和调制。 

注9 – 测量中使用的LTE BS干扰信号对于N-1采用60 dB或更高的ACLR，而对于N-2和以上系统则使

用远高于此的ACLR。 
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表2至表11和表14至表18分别显示有用DVB-T2地面数字电视信号受下列干扰时的保护

比： 

 DVB-T2数字地面电视信号； 

 LTE基站（BS）信号； 

 LTE用户设备（UE）信号。 

1.4 DVB-T2地面数字电视信号受DVB-T2地面数字电视信号干扰的保护 

表2的数值是利用ITU-R BT.2254-2012报告描述的方法为表1模式计算的理论数值。 

表2 

DVB-T2信号受DVB-T2信号干扰的同信道保护比（dB） 

调制方式 编码率 高斯信道 
莱斯信道             

注8 

瑞利信道         

（静止）注8 

QPSK 1/2 2.4 2.6 3.4 

QPSK 3/5 3.6 3.8 4.9 

QPSK 2/3 4.5 4.8 6.3 

QPSK 3/4 5.5 5.8 7.6 

QPSK 4/5 6.1 6.5 8.5 

QPSK 5/6 6.6 7.0 9.3 

16-QAM 1/2 7.6 7.8 9.1 

16-QAM 3/5 9.0 9.2 10.7 

16-QAM 2/3 10.3 10.5 12.2 

16-QAM 3/4 11.4 11.8 13.9 

16-QAM 4/5 12.2 12.6 15.1 

16-QAM 5/6 12.7 13.1 15.9 

64-QAM 1/2 11.9 12.2 14.0 

64-QAM 3/5 13.8 14.1 15.8 

64-QAM 2/3 15.1 15.4 17.2 

64-QAM 3/4 16.6 16.9 19.3 

64-QAM 4/5 17.6 18.1 20.9 

64-QAM 5/6 18.2 18.7 21.8 

256-QAM 1/2 15.9 16.3 18.3 

256-QAM 3/5 18.2 18.4 20.5 

256-QAM 2/3 19.7 20.0 22.1 

256-QAM 3/4 21.7 22.0 24.6 

256-QAM 4/5 23.1 23.6 26.6 

256-QAM 5/6 23.9 24.4 28.0 
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表 3分别给出了三类传输信道（即高斯（ Gaussian）、莱斯（Ricean）和瑞利

（Rayleigh）信道）的保护比。对于固定接收和便携接收，应分别采用莱斯信道和瑞利信道

的有关数值。 

应对6、7和8 MHz带宽的DVB-T系统采用同样的保护比。 

表3 

对DVB-T2信号（表1规定）在用于硅调谐器的相邻信道受DVB-T2信号 

（表1规定）干扰的保护比(dB)和过载门限(dBm) 

信道偏置N 

(8 MHz 信道) 

中心频道 

偏置 

(MHz) 

经测试的 

接收机 

的数量 

PR 

(dB) 

Oth 

(dBm) 

百分位 百分位 

   50th 90th 10th 50th 

–9 72 11 –54 –50 –14 0 

–4 –32 11 –50 –44 –14 –2 

–3 –24 11 –48 –44 –14 –2 

–2 –16 11 –47 –43 –15 –6 

–1 –8 11 –35 –33 –15 –6 

同信道 0 11 19.0 19.0 – – 

1 8 11 –32 –30 –15 –6 

2 16 11 –46 –43 –15 –5 

3 24 11 –47 –43 –14 –2 

4 32 11 –50 –44 –13 1 

9 72 11 –54 –49 –13 1 

 

给出的值适用于有用和无用DVB-T信号具有相同信道宽度的场合。对于其他信道宽度组

合的情况，需进一步研究。 

干扰信号具有与有用信号相同的模式参数，但与有用信号不相关。 

保护比的单位为dB，适用于连续波和对流层两种干扰。 

1.5 DVB-T2受LTE OFDMA和SC-FDMA信号干扰的保护比和过载门限 

本节提供了DVB-T系统受LTE OFDMA和SC-FDMA系统干扰的保护比和过载门限。获

得这些参数的所有测量基于设计工作在470-862 MHz频率调谐范围的DVB-T接收机，所有干

扰信号位于759-862 MHz的频率范围。 

仅少数（3个）配有铁盒调谐器的DVB-T2接收机可供测试，因而无法对结果作出任何统

计分析。为引证本附件后附资料2而对个体接收机性能进行了计算。 

测量中采用的LTE信号的特性见ITU-R BT.2215报告《电视接收机保护比和过载门限的

测量报告》。 
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DVB-T与移动LTE业务之间的共用是一个不断演变的过程，两种电视调谐器的设计以及

基站的实施在这两种情况下均不断变化。正积极鼓励相关各方改进其各自设备的性能，以便

在不久的将来重新研究这些表格。 

由于LTE信号的时间变化，某些调谐设计的最坏PR和Oth恶化符合极低的BS和UE业务负

载。由于不可能预测出BS和UE实际运行的业务载荷，因而在这里提供了三个级别的业务负

载。 

通过保护比取高值和过载门限取低值的方式，获得最高的保护水平（保护所有基站业务

载荷情况的广播）。 

对有用和干扰信号中心频率之间的频率偏置进行了测量。 

1.5.1 对DVB-T2数字地面电视信号受LTE-BS信号干扰的保护 

下表显示了LTE基站三种不同业务负载的保护比和过载门限。 

表 4 

对DVB-T2信号（见表1）受用于硅调谐的相邻信道LTE BS 

信号干扰的测量保护比（dB） 

信道偏置 N

（8 MHz 

信道） 

中心频率

偏置 

(MHz) 

经测试接

收机的数

量 

0% BS业务加载
PR  

(dB) 

50% BS业务加载
PR 

(dB) 

100% BS业务加

载PR 

(dB) 

   百分位 百分位 百分位 

   50th 90th 50th 90th 50th 90th 

同信道 

AWGN 

0 11 19 19 19 19 19 19 

同信道 

LTE 

0 11 10 11 18 18 19 19 

1 10 11 –44 –24 –40 –38 –38 –36 

2 18 11 –50 –32 –48 –44 –47 –43 

3 26 11 –51 –35 –49 –45 –48 –44 

4 34 11 –52 –39 –51 –46 –50 –45 

5 42 11 –53 –41 –51 –47 –51 –46 

6 50 11 –55 –46 –54 –48 –52 –47 

7 58 11 –56 –46 –54 –49 –54 –48 

8 66 11 –57 –45 –54 –50 –53 –49 

9 74 11 –58 –45 –55 –50 –53 –49 
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表5 

对DVB-T2信号（见表1）受用于硅调谐的相邻信道的 

LTE BS信号干扰的测量过载门限(dBm) 

信道偏置
N

（8 MHz 

信道） 

中心频率

偏置 

(MHz) 

经测试接

收机的数

量 

0% BS业务加载
Oth  

(dB) 

50% BS业务加载
Oth 

(dB) 

100% BS业务加

载Oth 

(dB) 

   百分位 百分位 百分位 

   10th 50th 10th 50th 10th 50th 

1 10 11 –18 –6 –15 –6 –13 –8 

2 18 11 –14 1 –12 –2 –13 –3 

3 26 11 –12 3 –13 0 –12 –1 

4 34 11 –11 5 –12 2 –12 0 

5 42 11 –10 6 –12 3 –12 2 

6 50 11 –10 4 –12 2 –12 2 

7 58 11 –10 4 –11 2 –12 1 

8 66 11 –10 4 –12 2 –12 1 

9 74 11 –10 5 –12 3 –12 1 

 

1.5.2 对DVB-T2数字地面电视信号受LTE-UE信号干扰的保护 

下表显示了三种不同UE业务负载的PR和Oth： 

表6 – 未校正的UE PR结果 

表7 – 根据3GPP TS 36.101和ETSI掩模估计的UE ACLR  

表8 – 为UE带外噪声衰减校正的UE PR结果 

表9 – UE过载门限结果 
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表6 

对DVB-T2信号（见表1）受用于硅调谐器的相邻信道LTE UE 

信号干扰的的未经校正的保护比（dB） 

信道偏置N 

8 MHz 

信道/（中心

频率偏置） 

经测试

接收机

数量 

1 Mbit/s UE  

业务负载 

信号发生器 

ACLR = 100 dB 

全部偏置 

10 Mbit/s UE  

业务负载 

信号发生器 

ACLR = 100 dB 

全部偏置 

20 Mbit/s UE  

业务负载 

信号发生器 

ACLR = 

67.8 dB (N+1)  

80.4 dB (N+2) 

100 dB (N+3 至 N+9) 

  PR百分位 

(dB) 

PR百分位 

(dB) 

PR百分位 

(dB) 

  50th 90th 50th 90th 50th 90th 

同信道 

AWGN (0) 

11 19 19 19 19 19 19 

同信道 

 LTE (0) 

11 10 11 18 18 19 19 

1/(10) 11 –36 –19 –41 –39 –41 –39 

2 (18) 11 –41 –24 –47 –45 –47 –43 

3 (26) 11 –44 –26 –48 –45 –50 –44 

4 (34) 11 –46 –36 –48 –45 –52 –45 

5 (42) 11 –47 –37 –48 –44 –54 –46 

6 (50) 11 –50 –38 –49 –43 –52 –45 

7 (58) 11 –50 –41 –49 –44 –53 –44 

8 (66) 11 –50 –41 –49 –42 –54 –45 

9 (74) 11 –50 –43 –49 –43 –54 –47 

 

为8 MHz邻近和非邻近信道的估计UE ACLR修订了UE保护比，以顾及到UE带外噪声引

发的保护比恶化。ACLR估计值是以3GPP TS 36.101 v.11.1.0的表6.6.2.1.1的掩模以及

470-790 MHz频段-65 dBm带外噪声的ETSI 301-908-13要求草案为依据的。详见表7。 

表7 

经校正的UE PR值的假设UE ACLR 

信道偏置N 

（8 MHz信道） 

中心频率偏置  

(MHz) 

ACLR  

(dB) 

1 10 25.2 

2 18 32.2 

其它偏置（相当于 

–65 dBm/8 MHz） 

26-74 88.0 
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用于校正计算的同信道PR0值是表8中的AWGN数字。现将ACLR校正方法介绍如下。 

最终的保护比可分为两个阶段；首先，接收机相邻信道选择性（ACS）的频率偏置∆f，
是根据在偏置（PR(∆f)）、同信道保护比PR0和干扰信号发生器的ACLR测得的保护比计算

的： 
 

  )1010log(10)( 1010

)(0 ACLRfPRPR

fACS





  
 

其次，DTT ACS的衍生值被用于确定可能具有不同ACLR特性的干扰终端的适当相邻信

道保护比。 

最终保护比PR(f)是(f), ACLR处LTE装置的ACS和ACLR的函数。 
 

  )1010log(10)( 1010
0

RACLACS

PRfRP



  
 

此方法还可用于将经校正的PR还原为非校正的PR，以计算不同UE ACLR假设的效应。 

请注意，以上公式中的ACLR和ACLR依据的是，利用LTE干扰机（如10 MHz）和有用

DVB-T2信号（如8 MHz）的信道带宽在干扰器适当频率偏置的功率测量。 

表8 

对DVB-T2信号（见表1）受用于硅调谐器的相邻信道 

LTE UE信号干扰的的未经校正的保护比（dB） 

信道偏置N 

8 MHz 

信道/（中心

频率偏置） 

经测试

接收机

数量 

1 Mbit/s UE  

业务负载 

信号发生器 

ACLR = 100 dB 

全部偏置 

10 Mbit/s UE  

业务负载 

信号发生器 

ACLR = 100 dB 

全部偏置 

20 Mbit/s UE  

业务负载 

信号发生器 

ACLR = 

67.8 dB (N+1)  

80.4 dB (N+2) 

100 dB (N+3 至 N+9) 

  PR百分位 

(dB) 

PR百分位 

(dB) 

PR百分位 

(dB) 

  50th 90th 50th 90th 50th 90th 

同信道 

AWGN (0) 

11 19 19 19 19 19 19 

同信道 

LTE (0) 

11 10 11 18 18 19 19 

1/(10) 11 –6 –6 –6 –6 –6 -6 

2 (18) 11 –13 –13 –13 –13 –13 –13 

3 (26) 11 –44 –26 -48 –45 –50 -44 

4 (34) 11 –46 –36 –48 -45 –52 –45 
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表8（完） 

信道偏置N 

8 MHz 

信道/（中心

频率偏置） 

经测试

接收机

数量 

1 Mbit/s UE  

业务负载 

信号发生器 

ACLR = 100 dB 

全部偏置 

10 Mbit/s UE  

业务负载 

信号发生器 

ACLR = 100 dB 

全部偏置 

20 Mbit/s UE  

业务负载 

信号发生器 

ACLR = 

67.8 dB (N+1)  

80.4 dB (N+2) 

100 dB (N+3 至 N+9) 

  PR百分位 

(dB) 

PR百分位 

(dB) 

PR百分位 

(dB) 

  50th 90th 50th 90th 50th 90th 

5 (42) 11 –47 –37 –48 –44 –54 –46 

6 (50) 11 –50 –38 –49 –43 –52 –45 

7 (58) 11 –50 –41 –49 –44 –53 -44 

8 (66) 11 –50 –41 –49 –42 –54 –45 

9 (74) 11 –50 –43 –49 –43 –54 –47 

 

表9 

对DVB-T2信号（见表1）受用于硅调谐的邻近信道 

LTE UE信号干扰的测量过载门限（dBm） 

信道偏置 N

（8 MHz 

信道） 

中心频率

偏置 

(MHz) 

经测试 

接收机 

数量 

1 Mbit/s UE  

业务负载 

10 Mbit/s UE  

业务负载 

20 Mbit/s UE  

业务负载 

   
Oth  

(dBm) 

Oth  

(dBm) 

Oth  

(dBm) 

   10th 50th 10th 50th 10th 50th 

1 10 11 –37 –6 –15 –5 –12 –5 

2 18 11 –12 5 –11 0 –11 0 

3 26 11 –10 6 –11 2 –11 0 

4 34 11 –24 5 –11 2 –11 1 

5 42 11 –10 6 –11 2 –11 1 

6 50 11 –10 6 –11 2 –11 2 

7 58 11 –10 5 –11 2 –11 2 

8 66 11 –10 5 –11 2 –11 2 

9 74 11 –11 6 –11 2 –11 2 
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1.6 不同有用DVB-T系统变体和不同接收条件的校正系数 

表10是为利用其它受DVB-T2干扰的模式的DVB-T2信号制作的。它是作为其它模式和表

1参考模式之间的AWGN C/N差异计算的，并应谨慎使用，当所要的模式的C/N与参考模式相

比差异巨大时尤其如此。尚未对该值进行测量确认。建议用于其它类型的干扰信号，但须通

过进一步研究确认这些数值。 

表10 

与64-QAM 2/3 DVB-T信号有关的不同有用DVB-T2系统变体 

以及不同接收条件（受DVB-T2或其他类型业务干扰） 

的保护比的理论校正系数 

调制 码速 高斯信道 
莱斯信道 

注8 

瑞利信道 

（静止） 

注8 

QPSK 1/2 –17.3 –17.1 –16.3 

QPSK 3/5 –16.1 –15.9 –14.8 

QPSK 2/3 –15.2 –14.9 –13.4 

QPSK 3/4 –14.2 –13.9 –12.1 

QPSK 4/5 –13.6 –13.2 –11.2 

QPSK 5/6 –13.1 –12.7 –10.4 

16-QAM 1/2 –12.1 –11.9 –10.6 

16-QAM 3/5 –10.7 –10.5 –9.0 

16-QAM 2/3 –9.4 –9.2 –7.5 

16-QAM 3/4 –8.3 –7.9 –5.8 

16-QAM 4/5 –7.5 –7.1 –4.6 

16-QAM 5/6 –7.0 –6.6 –3.8 

64-QAM 1/2 –7.8 –7.5 –5.7 

64-QAM 3/5 –5.9 –5.6 –3.9 

64-QAM 2/3 –4.6 –4.3 –2.5 

64-QAM 3/4 –3.1 –2.8 –0.4 

64-QAM 4/5 –2.1 –1.6 1.2 

64-QAM 5/6 –1.5 –1.0 2.1 

256-QAM 1/2 –3.8 –3.4 –1.4 

256-QAM 3/5 –1.5 –1.2 0.8 

256-QAM 2/3 0.0 0.3 2.4 

256-QAM 3/4 2.0 2.3 4.9 

256-QAM 4/5 3.4 3.9 6.9 

256-QAM 5/6 4.2 4.7 8.3 

 

与静止的瑞利传输信道相比，与便携DVB-T2接收有关的时间可变瑞利信道显示了高得

多的保护比需求。需通过进一步测量对这一效应做出评估。 

 



 ITU-R  BT.2033-1 建议书 15 

1.7 用于共用研究的PR和Oth选择 

表11说明了用于共用研究的PR和Oth建议值。采用这些值能够使90%的接收机（共测量

了14台调谐机）在整个业务负载中得到保护。根据表7的UE ACLR假设对UE采用了经修订的

PR第90百分位。 

表11 

对无干扰信道中的DVB-T2信号（见表1）受用于3个铁盒 

和11个硅调谐器的综合邻近信道LTE BS或UE信号干扰 

的建议PR和Oth共用研究值 

信道偏置N 

（8 MHz信道） 

中心频率偏置  

(MHz) 
LTE BS LTE UE 

  
PR 

(dB) 

Oth  

(dBm) 

经校正的PR 

(dB) 

Oth  

(dBm) 

同信道（AWGN） 0 19 – 19 – 

同信道（LTE） 0 19 – 19 – 

1 10 –25 –16 –6 –30 

2 18 –33 –12 –13 –11 

3 26 –36 –11 –28 –10 

4 34 –40 –13 –37 –20 

5 42 –43 –11 –38 –10 

6 50 –46 –11 –40 –9 

7 58 –47 –11 –42 –9 

8 66 –46 –11 –43 –10 

9 74 –46 –10 –44 –10 

 

1.8 对保护比的瞬态干扰效应 

在此前的章节中，干扰在取得DTT有用信号时处于积极状态。近期的研究表明，在获得

DTT有用信号后采用干扰源时，测得的保护比（10-12 dB）则高得多。在LTE UE的情况下，

用户可能长时间（许多秒钟）处于不活跃状态，从而使DTT接收机AGC在“无干扰”状态中

稳定下来，因此当偶然出现干扰时，这种情况尤其适用。这方面的实例包括： 

– 定期轮询数据“拉模式”服务器（如电子邮件更新、社交应用）； 

– 用于状态性应用的“激励”信息； 

– 其它网络信令业务。 

附件1的后附资料3提供了这类测量的细节，但这些测量是需要进一步研究的初步测量。 
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2 DVB-T2地面数字电视的最小场强 

附件1的后附资料1提供了最低场强的计算公式。有关DVB-T2频率和网络规划问题的

ITU-R BT.2254号报告，提供了其它接收模式（移动农村、手提便携室外和具有集成天线的

手提移动）的场强计算方法。 

表12 

 DVB-T2 8 MHz系统200 MHz最小场强的计算 

频段III的DVB-T2 固定 便携室外/城市 
便携室内/ 

城市 

频率 Freq MHz 200 200 200 

系统所需的最低C/N C/N dB 20.0 17.9 18.3 

系统变量（实例）   256-QAM 

FEC 2/3、

32k、PP7  

正规 

64-QAM 

FEC 2/3、

32k、 PP4  

正规 

64-QAM 

FEC 2/3、

16k、 PP1  

正规 

比特率（指示值）  Mbit/s 30-35 22-25 19-24 

接收机噪声值 F dB 6 6 6 

等效噪声带宽 B MHz 6.66 6.66 6.66 

接收机噪声输入功率 Pn dBW –128.6 –128.9 –128.5 

最低接收机信号输入功率 Ps min dBW –109.7 –111.8 –111.4 

最低等效接收机输入电

压，75 Ω 

Umin dBµV 29.0 26.9 27.3 

馈线损耗 Lf dB 2 0 0 

相对于半偶极子的天线 

增益 

Gd dB 7 –2.2 –2.2 

有效天线孔径 Aa dBm2 1.7 –7.5 –7.5 

接收地点的最低功率通量

密度 

min dB(W）
/m2 

–109.4 –104.3 –103.9 

接收地点的最低等效场强 Emin dBµV/m 36.4 41.5 41.9 

人工噪声容限 Pmmn dB 2 8 8 

穿透损耗（建筑或车辆） Lb, Lh dB 0 0 9 

穿透损耗的标准误差  dB 0 0 3 

分集增益 Div dB 0 0 0 
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表12（完） 

频段III的DVB-T2 固定 便携室外/城市 
便携室内/ 

城市 

位置概率  % 70 70 70 

分布因素   0.5244 0.5244 0.5244 

标准误差   5.5 5.5 6.3 

位置校正因素 Cl dB 2.8842 2.8842 3.30372 

接收高度(1)、50%时间和

50%位置的最低中值功率

通量密度 

med dB(W）
/m2 

–104.5 –93.4 –83.6 

接收高度(1)、50%时间和

50%地点的最低中值等效

场强 

Emed dBµV/m 41.3 52.4 62.4 

位置概率  % 95 95 95 

分布因素   1.6449 1.6449 1.6449 

标准误差   5.5 5.5 6.3 

位置校正因素 Cl dB 9.04695 9.04695 10.36287 

接收高度(1)、50%时间和

50%位置的最低中值功率

通量密度 

med dB(W）
/m2 

–98.4 –87.3 –77.6 

接收高度(1)、50%时间和

50%地点的最低中值等效

场强 

Emed dBµV/m 47.4 58.5 69.2 

(1) 10米用于固定接收，1.5米用于其它接收模式。 
 

表13 

对650 MHz 的DVB-T2 8 MHz系统最小场强的计算  

IV/V频段的DVB-T2 固定 便携室外/城市 
便携室内/ 

城市 

频率 Freq MHz 650 650 650 

系统所需的最低C/N C/N dB 20.0 17.9 18.3 

系统变量（实例）    256-QAM 

FEC 2/3, 

32k, PP7 

Extended 

64-QAM 

FEC 2/3, 32k, 

PP4 Extended 

64-QAM 

FEC 2/3, 16k, 

PP1 Extended 

比特率（指示值）  Mbit/s 35-40 26-29 23-28 

接收机噪声值 F dB 6 6 6 

等效噪声带宽 B MHz 7.77 7.77 7.77 

接收机噪声输入功率 Pn dBW –128.0 –128.3 –127.9 
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表13（完） 

IV/V频段的DVB-T2 固定 便携室外/城市 
便携室内/ 

城市 

最低接收机信号输入功率 Ps min dBW –109.1 –111.2 –110.8 

最低等效接收机输入电

压，75 Ω 

Umin dBµV 29.7 27.6 28.0 

馈线损耗 Lf dB 4 0 0 

相对于半偶极子的天线增

益 

Gd dB 11 0 0 

有效天线孔径 Aa dBm2 –4.6 –15.6 –15.6 

接收地点的最低功率通量

密度 

min dB(W）
/m2 

–100.5 –95.6 –94.2 

接收地点的最低等效场强 Emin dBµV/m 45.3 50.2 50.6 

人工噪声容限 Pmmn dB 0 1 1 

穿透损耗（建筑或车辆） Lb, Lh dB 0 0 11 

穿透损耗的标准误差  dB 0 0 6 

分集增益 Div dB 0 0 0 

位置概率  % 70 70 70 

分布因素   0.5244 0.5244 0.5244 

标准误差   5.5 5.5 8.1 

位置校正因素 Cl dB 2.8842 2.8842 4.24764 

接收高度(1)、50%时间和

50%位置的最低中值功率通

量密度 

med dB(W）
/m2 

–97.6 –91.7 –79.0 

在接收高度(1)、50%时间和

50%地点的最低中值等效场

强 

Emed dBµV/m 48.2 54.1 66.8 

位置概率  % 95 95 95 

分布因素   1.6449 1.6449 1.6449 

标准误差   5.5 5.5 8.1 

位置校正因素 Cl dB 9.04695 9.04695 13.32369 

接收高度(1)、50%时间和

50%位置的最低中值功率通

量密度 

med dB(W）
/m2 

–91.5 –85.6 –72.3 

在接收高度(1)、50%时间和

50%地点的最低中值等效场

强 

Emed dBµV/m 54.3 60.2 75.9 

(1) 10米用于固定接收，1.5米用于其它接收模式。 
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附件1的 

后附资料1 

 

最小场强和最小中值等效场强的计算 

最小场强和最小中值等效场强值应用下面的公式进行计算： 

 Pn =  F + 10 log (k T0 B) 

 Ps min =  C/N + Pn 

 Aa =  G + 10 log (1.642/4 ) 

 φmin =  Ps min – Aa + Lf 

 Emin =  φmin + 120 + 10 log (120 )  

  =  φmin + 145.8 

 Emed =  Emin + Pmmn + Cl  屋顶顶层固定接收时 

 Emed =  Emin + Pmmn + Cl + Lh 便携室外和移动接收 

 Emed =  Emin + Pmmn + Cl + Lh + Lb 便携室内和移动手持接收 
 

 Cl =  µ  t 
 

 t =  
22
mb   

其中： 

 Pn : 接收机噪声输入功率（dBW） 

 F : 接收机噪声指数（dB） 

 k : 玻耳兹曼常数（k=1.3810–23(J/K)） 

 T0 : 绝对温度（T0=290(K)） 

 B : 接收机噪声带宽（B=7.61106(Hz)） 

 Ps min : 接收机最小输入功率（dBW） 

 C/N : 系统有用的接收机输入端射频S/N（dB） 

 Aa : 等效天线孔径（dBm2） 

 G : 相对于半波偶极子的天线增益（dBd） 
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  : 信号波长（m） 

 φmin : 接收位置的最小功率通量密度（dB(W/m2)） 

 Lf  : 馈源损耗（dB） 

 Emin : 接收位置的等效最小场强（dB(V/m)） 

 Emed : 最小中值等效场强，规划值（dB(V/m)） 

 Pmmn : 人为噪声容限（dB） 

 Lh : 高度损耗（地平面上1.5 m的接收点）（dB） 

 Lb : 大楼或汽车入口损耗（dB） 

 Cl : 位置校正因子（dB） 

 t : 总体标准偏差（dB） 

 m : 标准偏差宏比例（m=5.5 (dB)） 

 b : 大楼入口损耗标准偏差（dB） 

 µ : 位置分布因子，70%时0.52，90%时1.28，95%时1.64以及99%时2.33。 

 

附件1的 

后附资料2 

 

铁盒调谐器测试结果 

LTE BS PR & Oth 

以下表14和15给出了铁盒调谐器LTE基站干扰情况的粗略测量结果。这些数值仅作为指

导并应谨慎使用。 

表14 

用于受铁盒调谐器相邻频段LTE BS信号干扰的DVB-T2信号 

（见表1）的测量保护比(dB) 

信道偏移 N

（8 MHz 

信道） 

中心频率

偏移 

(MHz) 

0% BS业务加载PR  

(dB) 

50% BS业务加载
PR 

(dB) 

100% BS业务加载
PR 

(dB) 

  Rx 5 Rx 6 Rx 28 Rx 5 Rx 6 Rx 28 Rx 5 Rx 6 Rx 28 

同信道
AWGN (0) 0 19 19 19 19 19 19 19 19 19 

同信道 LTE 

(0) 0 11 10 10 18 18 18 19 19 19 

1 10 –43 –44 –40 –41 –42 –39 –40 –41 –36 

2 18 –58 –55 –43 –57 –51 –39 –56 –47 –38 

3 26 –55 –55 –38 –42 –47 –36 –41 –45 –35 

4 34 –50 –64 –43 –45 –55 –32 –45 –45 –33 
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表14（完） 

信道偏移 N

（8 MHz 

信道） 

中心频率

偏移 

(MHz) 

0% BS业务加载PR  

(dB) 

50% BS业务加载
PR 

(dB) 

100% BS业务加载
PR 

(dB) 

  Rx 5 Rx 6 Rx 28 Rx 5 Rx 6 Rx 28 Rx 5 Rx 6 Rx 28 

5 42 –53 –71 –58 –50 –65 –55 –49 –67 –54 

6 50 –56 –72 –72 –53 –69 –60 –52 –67 –58 

7 58 –58 –73 –74 –55 –70 –61 –54 –68 –68 

8 66 –60 –72 –68 –55 –67 –64 –54 –66 –62 

9 74 –58 –63 –52 –50 –56 –46 –50 –55 –44 

 

表15 

用于受铁盒调谐器相邻频段LTE BS信号干扰的DVB-T2信号 

（见表1）的测量过载门限值(dBm) 

信道偏移N

（8 MHz 

信道） 

中心频率 

偏移 

(MHz) 

0% BS业务加载Oth  

(dBm) 

50% BS业务加载Oth 

(dBm) 

100% BS业务加载Oth 

(dBm) 

  Rx 5 Rx 6 Rx 28 Rx 5 Rx 6 Rx 28 Rx 5 Rx 6 Rx 28 

1 10 –12 –11 –10 –15 –13 –12 –16 –15 –15 

2 18 0 –1 –2 –5 –2 –5 –4 –3 –5 

3 26 –2 –1 2 –3 –2 1 –4 –3 0 

4 34 1 –3 3 –5 –14 –8 –3 –2 –8 

5 42 4 2 2 –2 –2 2 2 –2 –2 

6 50 5 3 2 0 0 1 5 –1 0 

7 58 5 4 5 1 1 2 5 0 0 

8 66 5 4 2 1 0 –3 4 0 –4 

9 74 5 4 3 5 0 –3 4 –2 –3 

 

LTE UE PR & Oth 

表16显示了对三个铁盒调谐器未加修正的UE PR测量。表17显示了为表7所示的假设UE 

ACLR值修正了PR值的同一些调谐器。 

用于修正计算的同信道PR0值，见表8的AWGN值。表18显示了用于同样三个铁盒调谐

器的过载门限值。 

由于T2接收机所用的铁盒调谐器数量有限，这些值只作为指导，需谨慎使用。 
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表16 

用于受铁盒调谐器相邻频段LTE BS信号干扰的DVB-T2信号 

（见表1）的测量过载门限值(dBm) 

信道偏移N 

8 MHz 

信道/（中心

频率偏移） 

测试接

收机的

数量 

1 Mbit/s UE  

业务负载 

信号发生器 

ACLR = 100 dB 

全偏移 

10 Mbit/s UE  

业务负载 

信号发生器 

ACLR = 100 dB 

全偏移 

20 Mbit/s UE  

业务负载 

信号发生器 

ACLR = 

67.8 dB (N+1)  

80.4 dB (N+2) 

100 dB (N+3 至 N+9) 

  PR 

(dB) 

PR 

(dB) 

PR 

(dB) 

  Rx 5 Rx 6 Rx 28 Rx 5 Rx 6 Rx 28 Rx 5 Rx 6 Rx 28 

同信道 

AWGN (0) 

11 19 19 19 19 19 19 19 19 19 

同信道 

LTE (0) 

11 11 10 10 18 18 18 19 19 19 

1/(10） 11 –40 –44 –28 –42 –43 –41 –42 –43 –40 

2 (18） 11 –57 –55 –31 –58 –51 –35 –58 –51 –39 

3 (26） 11 –48 –59 –39 –44 –52 –38 -42 –51 –38 

4 (34） 11 –49 –60 –41 –45 –54 –33 –45 –51 –33 

5 (42） 11 –53 –72 –52 –50 –70 –65 –50 –68 –66 

6 (50） 11 –56 –74 –64 –53 –71 –65 –53 –70 –66 

7 (58） 11 –55 –75 –63 –54 –71 –65 –55 –70 –70 

8 (66） 11 –60 –72 –68 –56 –68 –65 –56 –67 –65 

9 (74） 11 –62 –67 –56 –52 –57 –47 –50 –55 –45 
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表17 

用于受铁盒调谐器相邻频段LTE BS信号干扰的DVB-T2信号 

（见表1）的测量过载门限值(dBm) 

信道偏移N 

8 MHz 

信道/（中心

频率偏移） 

测试接

收机的

数量 

1 Mbit/s UE  

业务负载 

信号发生器 

ACLR = 100 dB 

全偏移 

10 Mbit/s UE  

业务负载 

信号发生器 

ACLR = 100 dB 

全偏移 

20 Mbit/s UE  

业务负载 

信号发生器 

ACLR = 

67.8 dB (N+1)  

80.4 dB (N+2) 

100 dB (N+3 至 N+9) 

  PR 

(dB) 

PR 

(dB) 

PR 

(dB) 

  Rx 5 Rx 6 Rx 28 Rx 5 Rx 6 Rx 28 Rx 5 Rx 6 Rx 28 

同信道 

AWGN (0) 

11 19 19 19 19 19 19 19 19 19 

同信道 

LTE (0) 

11 11 10 10 18 18 18 19 19 19 

1/(10) 11 –6 –6 –6 –6 –6 –6 –6 –6 –6 

2 (18) 11 –13 –13 –13 –13 –13 –13 –13 –13 –13 

3 (26) 11 –48 –59 –39 –44 –52 –38 –42 –51 –38 

4 (34) 11 –49 –60 –41 –45 –54 –33 –45 –51 –33 

5 (42) 11 –53 –67 –52 –50 –67 –64 –50 –66 –64 

6 (50) 11 –56 -68 –63 –53 –67 –64 –53 –67 –64 

7 (58) 11 –55 –68 –62 –54 –67 –64 –55 –67 –66 

8 (66) 11 –60 –67 –65 –56 –66 –64 –56 –65 –64 

9 (74) 11 –61 –65 –56 –52 –57 –47 –50 –55 –45 

 

表18 

用于受铁盒调谐器相邻频段LTE BS信号干扰的DVB-T2信号 

（见表1）的测量过载门限值(dBm) 

信道偏移 

N（8 MHz 

信道） 

中心频率偏

移 

(MHz) 

1 Mbit/s UE  

业务负载 

Oth 

(dBm) 

10 Mbit/s UE  

业务负载 

Oth 

(dBm) 

20 Mbit/s UE  

业务负载 

Oth 

(dBm) 

  Rx 5 Rx 6 Rx 28 Rx 5 Rx 6 Rx 28 Rx 5 Rx 6 Rx 28 

1 10 –6 –4 NR –9 –7 –13 –14 –7 –10 

2 18 2 2 NR –2 –2 –3 –2 –2 –6 

3 26 1 0 5 –4 –1 1 –3 –2 1 

4 34 2 –9 0 –3 –15 –8 –2 –18 –8 

5 42 6 3 5 1 0 –4 2 0 –3 
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表18（完） 

信道偏移 

N（8 MHz 

信道） 

中心频率偏

移 

(MHz) 

1 Mbit/s UE  

业务负载 

Oth 

(dBm) 

10 Mbit/s UE  

业务负载 

Oth 

(dBm) 

20 Mbit/s UE  

业务负载 

Oth 

(dBm) 

  Rx 5 Rx 6 Rx 28 Rx 5 Rx 6 Rx 28 Rx 5 Rx 6 Rx 28 

6 50 8 5 3 4 1 0 4 0 0 

7 58 8 5 4 4 1 1 4 1 0 

8 66 8 4 1 –4 0 –2 4 0 –3 

9 74 8 5 2 4 0 –3 4 0 –3 

 

 

附件1的 

后附资料3 

 

瞬态干扰对保护比的影响 

1 背景 

对DVB-T2保护比的最初测量，已在利用LTE干扰器干扰时完成。这些测试利用“选

通”测试信道，模拟了开始在DVB-T2接收机附近进行发射的干扰器的影响。干扰测试信号

是通过发生器存储和播放的，经配置的发生器可首先不播放任何内容，然后播放所需的测试

信号。 

这一测试尤其适用于EU干扰的情况，因为通常的情况是，BS一旦接通便会处于持续开

启状态，因此实际上可以忽略接通BS产生的所有瞬态影响。反之，人们认为UE通常会在与

BS联系时发出短促信号，然后关闭一段时间。因此，在附近和相邻信道有EU运行的TV接收

机，有可能发现UE发出的断续不停的干扰。因此，UE信号的瞬态干扰效应是一个重要的研

究领域。 

从长远看，LTE装置可能部署于家庭环境的机到机（M2M）应用，这意味着需要定时启

动十分密集的EU终端。因此，了解这一瞬态干扰的影响被视为一项重要工作。 

应当看到，在提交此份文件时，取得的结果还较少。然而鉴于性能出现了急遽恶化，人

们感到有必要提交这些初步结果，并希望向6A工作组的下次会议和/或适当时直接向JTG提

交进一步的结果。 



 ITU-R  BT.2033-1 建议书 25 

2 测量 

2.1 信号源 

有用信号是DTT信号发生器在706 MHz频率提供的DVB-T2波形，采用的DVB参数是英

国最常见的参数（DVB-T2规范[2]的选项6）。这些参数见表19。 

表19 

标准 DVB-T2 

OFDM载波数量 27 841 (32KE） 

调制 256QAM 

内编码Rc 2/3 

保护间隔（∆/Tu） 1/128 

导频图案 PP7 

帧长度（数据符号） 59 

每交织帧的FEC分组 202 

传输流数据速率 40.2146452 

 

LTE干扰信号是用于以往测试[1]的选通版本信号。其基础波形代表了在两个业务层次利

用LTE原型设备捕获的典型UE输出。这两个业务层次是通过连接BS和EU对生成的，已形成

端到端链路并利用IP业务工具加载链路。捕获的波形代表了20 Mbit/s和1 Mbit/s的数据传输速

率。 

为确保测量不会受到录制过程捕获的任何带外信号的污染，事先在软件中对测试波形进

行带通滤波，采用的是10 MHz的信道带宽。这能保证保护比测量仅为接收机选择性和随机

信号发生器相邻信道渗漏比（ALCR）的函数。 

任意信号发生器都是可用于提供LTE信号的信号源。信号的瞬态性是利用由零实例构成

的信号顺序播放各基础波形实现的。通过让每个信号按顺序多次循环，就能建立具有明确

开/关模式的较长序列。最后的选通信号包括大约4秒钟的静默，随后为约5秒钟的1 Mbit/s或

20 Mbit/s信号。信号的时域图见图1和2。 
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图1 

选通LTE 20 Mbit/s信号 

BT.2033-01

–40 dBm

–50 dBm

–60 dBm

–70 dBm

–80 dBm

–90 dBm

–100 dBm

–110 dBm

–120 dBm

1Rm Clrw

参考电平 –30.00 dBm

Att

SGL

0 dB SWT 10 s

兼容 FSPRBW  10 MHz

VBW  28 MHz

CF 706.0 MHz 20 000 pts 1.0 s/

 

图2 

选通LTE 1 Mbit/s信号 

BT.2033-02
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–50 dBm

–60 dBm

–70 dBm

–80 dBm

–90 dBm

–100 dBm

–110 dBm

–120 dBm
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参考电平 –30.00 dBm

Att

SGL

0 dB SWT 10 s

兼容 FSPRBW  10 MHz

VBW  28 MHz

CF 706.0 MHz 20 000 pts 1.0 s/

 

2.2 频率偏移 

已对DVB-T2和+11及+18 MHz 的 LTE之间的中心频率偏移进行了研究（如717和724 

MHz的干扰信号）。假设LTE信号的带宽为10 MHz，这意味着LTE EU对与LTE上行链路频

段相隔2 MHz或9 MHz保护频带的相邻电视信道造成了干扰。 

2.3 测量程序 

保护比是通过将有用和干扰信号相结合并将它们提供给接受测试的DTT接收机制定的。

有用信号不断增加，直至出现令人满意的信号解码，测量程序的全部细节见[1]。 
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2.4 经测试的接收机 

在这项工作的初期阶段，为测试选择了三台接收机。 

表20 

接收机 类型 调谐器类型 

R1 STB/PVR 硅 

R2 STB 铁盒 

R3 STB 铁盒 

 

3 结果 

提供的数据代表了利用测试设备测得的保护比，其中包括具有良好相邻信道泄漏比

（ACLR），即在第一个相邻信道优于50 dB的任意信号发生器。未就LTE设备的相邻信道性

能劣于采用的测试设备的可能性，采取任何纠正行动。 

以往结果[1]根据规定的LTE设备带外性能修正了保护比，并说明这可能比接收机的选择

性更重要。 

图3至8显示了在LTE UE 20 Mbit/s和1 Mbit/s波形提供的瞬态干扰的情况下正在接受测试

的接收机的性能，还为参考目的绘制了具有非瞬态波形的接收机的性能图。 

图3 

接收机R1 11 MHz偏移 
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图4 

接收机R1 18 MHz偏移 
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图5 

接收机R2 11 MHz偏移 
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图6 

接收机R2 18 MHz偏移 
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图7 

接收机R3 11 MHz偏移 
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图8 

接收机R3 18 MHz偏移 
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4 结论 

图表显示R1的非瞬态版本的低业务波形表现不佳。在使用任何一种瞬态版模型时，都

可看到与非瞬态低业务量情况类似的性能。即使提高频率偏移性能也无法改进。 

R2和R3接收机的性能足以适应常规波形（甚至低业务量版本），但当使用瞬态版本时

就会遇到困难。当偏移从11 MHz增至18 MHz时，保护比可提高约10-12 dB。 

在所有情况下，20 Mbit/s 瞬态UE波形都需高于1 Mbit/s版本的保护。 

本建议书提供的保护比数值是以具有良好相邻信道性能的单一发生器的测量为依据的，

因此仍需通过修正考虑到LTE硬件的带外发射数值。 

虽然迄今仅对一小部分接收机进行了研究，然而依然能够得出以下重要结论：某些过去

被认为比较不易受到低功耗业务影响的单元会受到交换波形瞬态性的影响。由于这一瞬态波

形有望成为未来LTE UE设备部署的特性，我们认为有必要现在就提出基于有限测量的临时

结果以及有关开展进一步测量的建议。 

参考文件 

[1] Document 6A/41 – Measured DVB-T 保护比 and overload thresholds in the presence of LTE 

signals Source: British Broadcasting Corporation (UK）. 

[2] ETSI EN 302 755 – Frame structure channel coding and 调制 for a second generation digital 

terrestrial television broadcasting system (DVB-T2). 
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附件1的 

后附资料4 

 

电视调谐器的技术与特性 

在硅调谐器（silicon tuner）1和铁盒调谐器（can tuner）2的保护比和过载门限之间，可

能存在巨大差异。在电视接收机设备（包括iDTV和PVR等高端产品中），越来越多地采用

硅调谐器。 

由于硅调谐器和铁盒调谐器性能特性迥异，建议规划人员在网络规划中考虑每种调谐器

类型的相对使用量和特性的差异。与铁盒调谐器相比，当干扰信号位于36 MHz IF频率或2/IF 

= 72 MHz图像频率时，硅调谐器的PR和Oth并不退步，但有些在其他干扰信号偏置的保护比

更高。 

这些类型的调谐器有可能将同时共存且其所占比例可能会随着时间的变化而变化。本建

议书提供了每种调谐器的单独结果。（关于差异技术解释的详细信息，可查阅题为《电视接

收机保护比和过载门限的测量》的ITU-RBT.2215号报告。） 

对于铁盒调谐器图像信道不与N+9重叠的较大保护频带而言，可在图像信道出现时利用

针对频率偏移的N+9数值和用于邻近但非处于图像信道频率偏移的相邻频率偏移的N+8数值

估算出PR和Oth性能。 

  

                                                 

1  “硅”调谐器是将所有调谐电路整合到一个盒中并直接安装到主板上的集成电路（IC）调谐器。

调谐电路可完全没有或整合到硅片上。硅片可通过一个金属罩保护其不受外部电磁干扰的影响。

当整合到硅片上时，与分离式的经典布局相比，其性能将会降低。测量的部件是市场上的早期产

品。该技术仍在发展中。 

2  “铁盒”调谐器系传统超外差调谐器，被置于含有离散组件的金属盒中。传统上，包括由分离式

感应器和晶体管组成的固定和可调谐电路，通常带有变容二极管频率控制。金属盒应可将射频干

扰降至最低并消除色度亮度干扰和杂散辐射。 
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附件 2 

（规范性） 

 

用于VHF和UHF频段6 MHz信道带宽DVB第二代数字地面 

电视广播系统（包括保护比在内）的规划标准 

1 6 MHz的DVB-T2有用数字地面电视信号的保护比 

下表显示了对6 MHz的DVB-T2有用数字地面广播信号受以下信号干扰的保护比： 

1) 6 MHz的DVB-T2数字地面电视信号； 

2) 6 MHz的ISDB-T 数字地面电视信号； 

3) 6 MHz的NTSC 数字地面电视信号。 

提供了莱斯信道保护比，这是对使用定向天线的屋顶固定接收的建模。 

1.1 DVB-T2有用信号受数字地面电视信号干扰的保护比 

同信道保护比取决于所需信号的调制和前向纠错码率。干扰信号的FFT大小和扩展带宽

模式的使用均不会影响同信道保护比。 

建议数值述于表21中。导频模式的影响可以忽略不计，因为变化范围在零点几个dB左

右。 

表 21 

DVB-T2信号（莱斯信道）受DVB-T2信号(BW = 6 MHz) 

干扰的同信道保护比(dB)  

调制 前向纠错码率 保护比 调制 前向纠错码率 保护比 

QPSK 1/2 6 64-QAM 1/2 13 

QPSK 3/5 6 64-QAM 3/5 15 

QPSK 2/3 7 64-QAM 2/3 16 

QPSK 3/4 8 64-QAM 3/4 18 

QPSK 4/5 8 64-QAM 4/5 19 

QPSK 5/6 9 64-QAM 5/6 20 

16-QAM 1/2 11 256-QAM 1/2 17 

16-QAM 3/5 12 256-QAM 3/5 20 

16-QAM 2/3 13 256-QAM 2/3 21 

16-QAM 3/4 14 256-QAM 3/4 23 

16-QAM 4/5 15 256-QAM 4/5 24 

16-QAM 5/6 16 256-QAM 5/6 26 
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有用DVB-T2信号受DVB-T2信号干扰的邻信道保护比受有用信号调制和前向纠错码率的

影响。 

表22显示了低端和高端邻信道的保护比。 

表22 

有用DVB-T2信号（莱斯信道）受DVB-T2信号(BW = 6 MHz) 

干扰的邻信道保护比(dB) 

调制 前向纠错码率 
保护比 
N ± 1 

调制 前向纠错码率 
保护比 
N ± 1 

QPSK 1/2 –43 64-QAM 1/2 –39 

QPSK 3/5 –43 64-QAM 3/5 –39 

QPSK 2/3 –42 64-QAM 2/3 –39 

QPSK 3/4 –42 64-QAM 3/4 –39 

QPSK 4/5 –42 64-QAM 4/5 –37 

QPSK 5/6 –42 64-QAM 5/6 –35 

16-QAM 1/2 –42 256-QAM 1/2 –39 

16-QAM 3/5 –42 256-QAM 3/5 –38 

16-QAM 2/3 –41 256-QAM 2/3 –36 

16-QAM 3/4 –40 256-QAM 3/4 –33 

16-QAM 4/5 –40 256-QAM 4/5 –31 

16-QAM 5/6 –40 256-QAM 5/6 –29 

 

DVB-T2有用信号受ISDB-T信号干扰的同信道保护比示于表23中。这些保护比主要受有

用信号调制和编码速率的影响。 

ISDB-T标准具有可选的+1/7 MHz频率偏移。如表23注1和表24注1所述，该偏移对保护

比有影响。 

表 23 

有用DVB-T2信号（莱斯信道）受ISDB-T信号(BW = 6 MHz) 

干扰的同信道保护比(dB) （见注1） 

调制 前向纠错码率 保护比 调制 前向纠错码率 保护比 

QPSK 1/2 6 64-QAM 1/2 13 

QPSK 3/5 6 64-QAM 3/5 15 

QPSK 2/3 7 64-QAM 2/3 16 

QPSK 3/4 8 64-QAM 3/4 18 

QPSK 4/5 8 64-QAM 4/5 19 

QPSK 5/6 9 64-QAM 5/6 20 

16-QAM 1/2 11 256-QAM 1/2 17 

16-QAM 3/5 12 256-QAM 3/5 20 

16-QAM 2/3 13 256-QAM 2/3 21 
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表23(续) 

调制 前向纠错码率 保护比 调制 前向纠错码率 保护比 

16-QAM 3/4 14 256-QAM 3/4 23 

16-QAM 4/5 15 256-QAM 4/5 24 

16-QAM 5/6 16 256-QAM 5/6 26 

注 1 – 对于有+ 1/7 MHz频率偏移的ISDB-T信号，同信道保护比应减小1 dB。 
 

表24显示了有用DVB-T2信号受ISDB-T信号干扰的邻信道保护比。这些保护比受有用信

号的调制和前向纠错码率以及干扰信号所采用的可选偏移的影响。 

表24 

有用DVB-T2信号（莱斯信道）受ISDB-T信号(BW = 6 MHz) 

干扰的邻信道保护比(dB)（见注1） 

调制 前向纠错码率 
保护比 
N ± 1 

QPSK 1/2 –46 

QPSK 3/5 –46 

QPSK 2/3 –45 

QPSK 3/4 –45 

QPSK 4/5 –45 

QPSK 5/6 –45 

16-QAM 1/2 –45 

16-QAM 3/5 –45 

16-QAM 2/3 –44 

16-QAM 3/4 –43 

16-QAM 4/5 –43 

16-QAM 5/6 –43 

64-QAM 1/2 –42 

64-QAM 3/5 –42 

64-QAM 2/3 –42 

64-QAM 3/4 –42 

64-QAM 4/5 –40 

64-QAM 5/6 –38 

256-QAM 1/2 –42 

256-QAM 3/5 –41 

256-QAM 2/3 –39 

256-QAM 3/4 –36 

256-QAM 4/5 –34 

256-QAM 5/6 –32 

注 1 – 对于有+ 1/7 MHz频率偏移的ISDB-T信号，低端邻信道保护比应减小1 dB，而高端邻信道保护

比则应增加2 dB。 
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1.2 DVB-T2有用信号受模拟地面电视信号干扰的保护比 

对于DVB-T2数字地面电视信号受模拟地面电视信号干扰的情况，同信道保护比取决于

DVB-T2信号的调制和前向纠错码率。 

表 25显示了基于调制和前向纠错码率的数值。 

表25 

DVB-T2有用信号（莱斯信道）受NTSC模拟地面电视信号(BW = 6 MHz) 

干扰的同信道保护比(dB) 

调制 
前向纠错

码率 
保护比 调制 

前向纠错

码率 
保护比 

QPSK 1/2 –13 64-QAM 1/2 –5 

QPSK 3/5 –12 64-QAM 3/5 –3 

QPSK 2/3 –11 64-QAM 2/3 –1 

QPSK 3/4 –9 64-QAM 3/4 2 

QPSK 4/5 –9 64-QAM 4/5 4 

QPSK 5/6 –7 64-QAM 5/6 5 

16-QAM 1/2 –10 256-QAM 1/2 –3 

16-QAM 3/5 –8 256-QAM 3/5 2 

16-QAM 2/3 –8 256-QAM 2/3 3 

16-QAM 3/4 –5 256-QAM 3/4 6 

16-QAM 4/5 –4 256-QAM 4/5 6 

16-QAM 5/6 –5 256-QAM 5/6 9 

对于邻信道干扰的情况，保护比主要受与同信道情况相同的因素的影响，即，有用

DVB-T2信号的调制和前向纠错码率。 

表26说明了低端和高端邻信道N ± 1的数值。 

对于邻信道N ± 2，已针对64-QAM 3/5和64-QAM3/4配置进行了测量。保护比数值分别

为–39 dB和 –35 dB。 

表26 

DVB-T2有用信号（莱斯信道）受NTSC模拟地面电视信号(BW = 6 MHz) 

干扰的邻信道N ± 1保护比(dB) 

调制 
前向纠错

码率 

保护比 

N ± 1 
调制 

前向纠错

码率 

保护比 

N ± 1 

QPSK 1/2 –1 64-QAM 1/2 –29 

QPSK 3/5 –39 64-QAM 3/5 –27 

QPSK 2/3 –36 64-QAM 2/3 –25 

QPSK 3/4 –33 64-QAM 3/4 –22 

QPSK 4/5 –32 64-QAM 4/5 –20 

QPSK 5/6 –30 64-QAM 5/6 –19 
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表 26 (完) 

调制 
前向纠错

码率 

保护比 

N ± 1 
调制 

前向纠错

码率 

保护比 

N ± 1 

16-QAM 1/2 –34 256-QAM 1/2 –25 

16-QAM 3/5 –32 256-QAM 3/5 –22 

16-QAM 2/3 –29 256-QAM 2/3 –20 

16-QAM 3/4 –27 256-QAM 3/4 –17 

16-QAM 4/5 –26 256-QAM 4/5 –16 

16-QAM 5/6 –24 256-QAM 5/6 –14 

 

附件3 

（情况通报） 

 

补充测试结果 

1 英国的补充测试结果 

为支持实地测试和随后的建模分析与评估，英国利用LTE基站信号对电视接收机的性能

开展了一系列测量。 

有关以比较方式对从事DVB-T和T2接收的LTE基站进行保护比测量的报告，见附后的嵌

入word文档。 

测试涵盖了英国现用的固定房顶接收模式。对于DVB-T而言，利用MPEG-2的64-QAM 

2/3时为8k，而对于DVB-T2而言，MPEG-4的256-QAM 2/3则采用了32k模式。传输是在标准

欧洲光栅的8 MHz带宽信道中进行的。选择的两种传输调制模式旨在取得近乎相同的传输覆

盖，而且这已在英国正在进行的数字切换实践中得到印证。 

从全负载和闲置的两种模式的实际设备记录了LTE基站信号，并可通过信号发生器和附

加滤波的放大器加以播放。确定的10 MHz LTE信号的传输掩模旨在符合800 MHz频段的

EC2010/267/EU决定。 

经测试的设备有电视机、机顶盒和配备双调谐器的个人视频记录器。 

Microsoft-Office.do

c
 

2 俄联邦的补充测试结果 

后附文稿提供了根据俄联邦开展的测量对DVB-T和DVB-T2系统特性的初步比较评估结

果。 
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extract from 
6A-592.docx

 

附件4  

（规范性） 

 

其它规划因素 

1 场强随地点的分布 

可以预期，数字电视信号的场强随地点分布将不同于模拟电视信号中得到的分布情

况。ITU-R P.1546建议书内，在表1、2和3中分别列出100 MHz、600 MHz和2 000 MHz下模

拟与数字场合的标准偏差。 

对于VHF和UHF频段，图2上给出数字系统中传播研究的结果。图2对应于5.5 dB的标准

偏差。这些结果也可应用于对50%位置百分数之外的传播曲线做预测推导。参考IUT-R P.546

建议书中50%位置百分数之外的模拟系统和数字系统，其中数字系统带宽大于1.5 MHz。 

图 9 

给定百分数的接收位置的场强与50%接收位置的 

场强之比（dB） 
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2 应用便携设备在大楼和汽车内的接收 

2.1 高度损耗：Lh 

对于陆地路径，IUT-R P.1514建议书中给出了接收天线高度高出地面等于代表性高度时

的场强值，而地面代表性高度是地面以上能覆盖周围接收天线位置的高度。假定最小天线高

度为10 m，市内地区的参考高度例子为20 m，稠密市区的高度例子为30 m，城市郊区的高度

例子为10 m。（对于海面路径，纯理论值高度为10 m）。 

如果接收天线高度不同于代表性高度，则根据ITU-R P.1546建议书中给出的程序，应对

建议书内所给出曲线的场强值施加一个校正量。 

2.2 大楼入口损耗：Lb 

穿进入大楼的电波损耗极大地取决于大楼的建筑材料、电波入射角和电波频率。还应

当考虑接收点是在楼内房间里或是位置靠近大楼外墙处。大楼入口损耗定义为大楼内给定的

地平面之上高度处的平均场强与该大楼外同样的地平面之上高度处的平均场强之间的差值

（dB）。虽然，没有单独的综合公式可应用于计算大楼入口损耗，但在ITU-R P.679建议书

中，给出了若干类型大楼在大约500 MHz到5 GHz频率内基于测量损耗的有用统计资料。进

入大楼内之后，由于墙壁和地面造成的电波传播损耗可按ITU-R P.1238建议书中的内容进行

处理。 

已经测量到，大楼入口损耗有大的漫散性。表27示出基于UHF频段测量的、在相同室

外场强下实现室内接收中的三种相对概率类别以及它们对应的平均入口损耗和标准偏差值。 

 

表 27 

UHF频段IV/V波段内大楼入口损耗的变化 

实现室内接收时 

相对概率的分类 

平均大楼入口损耗 

(dB) 

标准偏差 

(dB) 

高 7 5 

中 11 6 

低 15 7 

 

实现大楼室内接收时其不同的相对概率的示例如下： 

高概率： 

– 城市郊区无金属化玻璃窗的住宅大楼， 

– 市内环境里公寓外墙上有窗户的房间。 
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中概率： 

– 市内环境里有金属化玻璃窗的靠外墙房间， 

– 市内环境里公寓中的靠内房间。 

低概率： 

– 办公大楼里的靠内房间。 

如果可得到基于本地测量的、更精确的值，则可应用它们作为规划特定业务的基础。 

2.3 汽车入口损耗：Lv 

对于在汽车内以手持装置进行接收，应当考虑汽车车体引入的损耗。根据蜂窝无线电

试验，UHF频段、IV/V波段内典型的汽车入口损耗为6 dB。 

3 接收天线鉴别 

关于家用接收天线的方向性和极化鉴别，在ITU-R BT.419建议书中给出。 

4 便携和移动接收机用的天线 

4.1 便携接收用的天线 

对不同类型的天线已测量得天线增益的扩散性。下表中示出典型的天线增益值： 

表28 

便携接收的天线增益（dBd） 

频段 
增益 

(dBd) 

VHF波段III –2 

UHF波段IV 0 

UHF波段V 0 

 

预期天线不需有极化鉴别。 

4.2 手持接收用的天线 

小型手持终端内的天线已成为终端构成中的一个一体化部分，所以，与波长相比较，

天线尺寸很小。当前对设计问题的认识指明，最差情况的天线增益出现在UHF频段内的最低

端部分上。表29中示出UHF频段内三个频率上的天线增益。这些频率之间的标称天线增益可

通过线性内插得到。 
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表29 

手持接收的天线增益（dBd） 

频率（MHz） 增益（dBd） 

474 –12 

698 –9 

858 –7 

 

一般地，对这种类型的便携接收天线不预期有极化鉴别能力，水平面内的辐射方向图

是全方向性的。 

4.3 移动接收用的天线 

汽车移动接收用的实用标准天线是1/4波长单极天线，应用汽车的金属车顶作为地平

面。通常的电波入射角度下的天线增益取决于车顶上天线的位置。对于无源天线系统，可期

望有表30中的天线增益值。 

表30 

移动接收的天线增益（dBd） 

频段 
增益 

(dBd)  

VHF波段III –5 

UHF波段IV –2 

UHF波段V –1 

 

取决于天线在车顶上的位置，极化鉴别能力理论上大约为4至10 dB。 

5 人为噪声（MMN） 

为规划目的，采用了表31和32列出的人为噪声数值。 

表31 

用于城市地区计算的人为噪声容限 

城市 频段III 频段IV/V 

人为噪声容限   

手持便携接收机集成天线的相关值 0 0 

手持便携接收机的外部天线*的相关值 1 0 

屋顶天线的相关值 2 dB 0 dB 

便携和移动接收机适配天线的相关值 8 dB 1 dB 

* 拉杆或有线手机。 
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表32 

用于农村地区计算的人为噪声容限 

农村 频段III 频段IV/V 

人为噪声容限   

手持便携接收机集成天线的相关值 0 0 

手持便携接收机的外部天线*的相关值 0 0 

屋顶天线的相关值 2 dB 0 dB 

便携和移动接收机适配天线的相关值 5 dB 0 dB 

* 拉杆或有线手机。 
 

 

 

 

附件5  

（情况通报） 

 

故障点评估方法 

 

1 保护比测量使用的主观失效点（SFP）方法 

对于家用接收机，在那里不可能测量BER值，所以，已提出一种被称为SFP方法的新方

法，用以在统一的方式下测量保护比。保护比测量的质量准则是寻找出电视屏幕上刚好出现

无误码图像的界限。有用DVB-T信号的射频保护比值等于由SFP方法确定的、接收机输入端

上的有用信号—无用信号电平比，并取整到相邻的高位整数值上。 

SFP方法对应的图像质量是在30秒观察时间当中有平均20秒的时间内，图像上不出现一

次以上的错误。SFP方法中，有用信号和无用信号电平的调整以小的步级进行，通常为0.1 

dB的步级。对于“类噪声”干扰信号，QEF条件（1x10-11的后BCH BER）和SFP方法之间

的有用信号—无用信号比的差异，因为LDPC解码的急遽“瀑布”特性而仅为1 dB的几分之

一。从以往情况看，对于有用的数字电视信号，所有保护比值都是在接收机输入端上功率 – 

60 dBm下测量得的。应尽可能利用建议方法（ITU-R BT.2215号报告）介绍的一系列信号电

平的测量， 得出数字电视系统的保护比。 

建议认为，SFP方法应使用于所有DTTB系统的评估上。（日本将为ISDB-T数字电视系

统研究这一方法。） 
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附件6  

（规范性） 

 

对流层干扰和连续波干扰 

1 对流层干扰和连续波干扰 

采用规划给出的保护比时，必需要确定具体环境中应考虑的干扰是对流层干扰还是连

续波干扰。这可以通过对两种状况比较它们的噪扰场来实现，噪扰场定义为被相关保护比放

大的干扰发射机（在其适当的 e.r.p.（有效幅射功率）下的场强。 

因此，连续波干扰的噪扰场为： 

  EC    E(50, 50)    P    AC 

对流层干扰的噪扰场为： 

  ET    E(50, t)    P    AT 

其中： 

 E(50, t) : 归一化到1 kW、并在t%时间期内被超过的干扰发射机的场强

（dB(V/m)） 

 P : 干扰发射机的e.r.p.（dB(1 kW)） 

 A : 保护比（dB） 

 C和T : 分别表示连续波干扰和对流层干扰。 

当从连续波干扰得到的噪扰场强大于从对流层干扰得到的噪扰场强时，也即Ec > ET时，

就应用连续波干扰的保护比。 

这意味着，当下式成立时在所有场合下应采用连续波干扰的保护比AC： 

  E(50, 50)    AC    E(50, t)    AT 
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Introduction

This document presents the results of the preliminary comparative evaluation of DVB-T and DVB-T2 system characteristics on the basis of measurements performed in Russian Federation.

The target purposes of the measurements were: 

1)	To carry out measurements of the main modes of DVB-T and DVB-T2 systems in the reception area of Moscow Ostankino transmitter, 30 TV channel, in two reception directions.

2)	To define the reception border for DVB-T mode in the selected directions.

3)	To carry out comparative analysis of DVB-T и DVB-T2 systems in the selected test points.

Measurements results

Locations of measurements and the estimated coverage area of DVB-T transmitter (Ostankino, 30 TV channel) are shown in Figures 1-2. ERP of transmitter in DVB-T and DVB-T2 modes is 53.6 dBW, peak factor is 11,6..11,8 dB.

Analog TV stations Tver, Tula and Ryazan (see Figure 3) is the closest TV station to the transmitter Ostankino working in 30 TV channel. Maps of the estimated field strength for stations Tver, Tula and Ryazan shown in Figures 3-5. The maximum field strength from station Tver in measurement locations of the town Klin region was about 34 dBµV/m, the sum field strength of Tula and Ryazan stations near the Kolomna town was 43 dBµV/m.

During the measurements the field strength in test points and the reception parameters was measured for the four following digital terrestrial broadcasting modes:

1)	DVB-T, 64 QAM 3/4, 8k;

2)	DVB-T2, 64 QAM 5/6, 32k ext.

3)	DVB-T2, 256 QAM 3/4, 32k ext and 8k ext.

4)	DVB-T2, 64 QAM 3/4, 32k ext.

The signal quality evaluation based on assessment of video image quality displayed by:

1)	Measuring test receiver R&S ETL (only DVB-T2);

2)	Digital set-top-box «General Satellite TE 8511» (DVB-T/T2, MPEG-2/MPEG4 AVC H.264).

3)	Digital set-top-box «Signal TLS3001T2 HD» (DVB-T/T2, MPEG-2/MPEG4 AVC H.264).








figure 1

The estimated coverage area of DVB-T transmitter Ostankino, 30 TV channel
(DVB-T, 64QAM 3/4, fixed reception)

[image: ]






Figure 2

Locations of measurements and the map of the receiver field strength

[image: рис 1.bmp]



–	Red color: field strength above 55 dBµV/m (95% of locations);

–	Yellow color: field strength is 49-55 dBµV/m (70% of locations);

–	Green color: field strength is 46-49 dBµV/m (50% of locations);

–	Blue color:  field strength below 46 dBµV/m.




figure 3

Location of 30 TV channel stations near the measurements area

[image: Помехи 3.bmp]




figure 4

The field strength level of 30 TV channel Tver station 
(with the measurement sites location marked, t=50%)

[image: 1]






figure 5

The field strength level of Tula station on 30 TV channel
(with the measurement sites location marked, t=50%)

[image: 2]




figure 6

The field strength level of Ryazan station on 30 TV channel
(with the measurement sites location marked, t=50%)

[image: 3]

The results of TV image reception in the selected points in the field measurements and comparison of the studied modes are shown in Table 1. At each point of measurement received TV picture was registered on the TV screen, and depending on the quality of the received image the grade was put. Grade 5 corresponds to the reception of TV image without distortion, grade 3 corresponds to the reception of TV image with distortions, grade 1 corresponds to absence of TV image on a TV screen, and a dash indicates that the measurement of the mode was not carried out. After collecting data of the receiving image quality the average reception quality indicator (Q), relative increase of the bit rate (RC) and the average indicator of the channel efficiency (CE) was calculated by the following formulas:



			(1)

		[image: ]	(2)

		[image: ]	(3)

where:

Q –the average reception quality indicator for corresponding mode DVB-T or DVB-T2;

Mi– the grade, placed at the ith measurement for corresponding mode;

N – the number of measurements for corresponding mode;

C– the information bit rate for corresponding mode;

RC – the increase of information bit rate of the relative mode DVB-T (64QAM 3/4);

CE – the indicator of the channel efficiency (implemented relative information bit rate in the measurement locations).

Table 1

Comparison of the main digital terrestrial broadcasting modes

		№

		Name

		Reception quality



		test point

		

		DVB-T

		DVB-T2

		DVB-T2

		DVB-T2



		

		

		64 QAM 3/4

		64 QAM 3/4

		64 QAM 5/6

		256 QAM 3/4



		1

		YuzhnoeButovo 1 

		5

		5

		5

		5



		2

		YuzhnoeButovo 2 

		5

		5

		5

		3



		3

		Setovka

		5

		5

		5

		5



		4

		NizhnyeeHoroshovo

		1

		5

		5

		3



		5

		Nastasino

		3

		5

		5

		3



		6

		Boris-Gleb

		5

		-

		5

		5



		7

		Between Boris-Gleb and Sogolevo

		5

		-

		3

		1



		8

		Zalesye

		5

		-

		3

		1



		9

		Koskovo

		5

		-

		3

		1



		

		Average reception quality indicator %, Q

		86

		100

		87

		60



		

		Bit rate Mbit/s, C

		22.3

		29.8

		33.1

		39.7



		

		Increase of bit rate, RC

		1.00

		1.34

		1.48

		1.78



		

		Average indicator of the channel efficiency, CE

		0.86

		1.34

		1.29

		1.07





Measurement locations and main results are shown in Figures 6-7.




Figure 6

Example of comparison DVB-T64QAM 3/4 (indicated by circles, bit rate– 22.3 Mbit/s) with DVB-T2 64QAM 3/4 (indicated by diamonds, bit rate–30 Mbit/s), with DVB-T2 64QAM 5/6 (indicated by triangles, bit rate - 33,1 Mbit/s),with DVB-T2 256QAM 3/4 (indicated by squares, bit rate - 39,7 Mbit/s)
by measurements results: green color – stable reception, yellow color –
reception with distortions, red color – no reception.

[image: ]




figure 7

Example of comparison DVB-T 64QAM 3/4 (indicated by circles, bit rate – 22.3 Mbit/s) with DVB-T2 64QAM 5/6 (indicated by triangles, bit rate - 33,1 Mbit/s), with DVB-T2 256QAM 3/4 (indicated by squares, bit rate - 39,7 Mbit/s) by measurements results of S/N parameter: green color – S/N is above
than table values, red color – S/N is below than table values.

[image: ]

To verify the results of field studies laboratory measurements of set-top-boxes were carried out. Below in Tables 2-5, the S/N values measured in laboratory are shown for two set-top-boxes - «General Satellite TE 8511» и «Signal», which was testing DVB-T and DVB-T2 receivers at field measurements.

For laboratory measurements the same modes as for field measurements were selected:

–	DVB-T, 8K, 64-QAM, 3/4 CC + RS, GI 1/4;

–	DVB-T2, 32K ext., 64-QAM, 3/4 LDPC + BCH, GI1/16;

–	DVB-T2, 32K ext., 64-QAM, 5/6 LDPC + BCH, GI1/16

–	DVB-T2, 32K ext., 256- QAM, 3/4 LDPC + BCH, GI1/16.




The measurements were made for three types of reception channel - for Gaussian channel, Rayleigh channel and Rice channel. Simulation of receiving channels carried on the device Rohde & Schwarz SFE, designed to test the broadcasting equipment. Simulation of the Rice channel and Rayleigh channel made with 12-beam model. Measurements were as follows: TV signal was supplied from a test transmitter R&S®SFE to the input of studied set-top-boxes. The level of the input signal was adjusted at -60 dBm (according to Recommendation ITU-R BT.1368). Then, changing the value of S/N on R&S®SFE, presence of artifacts or signal failure was fixed for 20 seconds on the TV screen. The lowest S/N, which provides TV signal without distortion and disruption, was chosen for the measured ratio of S/N for the set-top-box.

As seen from Tables 2-5, results are heterogeneous. The set-top-box «General Satellite TE 8511» showed significantly better S/N ratio compared with the set-top-box «Signal». Meanwhile, in some cases measured values of S/N are below than S/N contained in ETSIdocuments. This can be explained by errors of subjective evaluation method of distortion instead of estimation of the reception quality by BER (according to Recommendation ITU-R BT.1368 to 1 dB) as well as possible technical improvements implemented in the set-top-boxes.

Table 2

S/N values for DVB-T 64QAM 3/4

		Set-top-box

		Gaussian channel

		Rice channel

		Rayleigh channel



		

		Measured
value

		ETSI EN
300 744
v 1.6.1

		Measured
value

		ETSI EN
300 744
v 1.6.1

		Measured
value

		ETSI EN
300 744
v 1.6.1



		«General Satellite 

TE 8511»

		15,7

		18,2

		16,7

		18,9

		19,0

		23,0



		«Signal»

		17,6

		

		18,9

		

		21,6

		





Table 3

S/N values for DVB-T2 64QAM 3/4

		Set-top-box

		Gaussian channel

		Rice channel

		Rayleigh channel



		

		Measured
value

		ETSI TS
102 831
v 1.1.1

		Measured
value

		ETSI TS
102 831
v 1.1.1

		Measured
value

		ETSI TS
102 831
v 1.1.1



		«General Satellite
TE 8511»

		14,6

		15,1

		15,6

		15,4

		17,1

		17,7



		«Signal»

		16,4

		

		17,7

		

		19,4

		










Table 4

S/N values for DVB-T2 64QAM 5/6

		Set-top-box

		Gaussian channel

		Rice channel

		Rayleigh channel



		

		Measured
value

		ETSI TS
102 831
v 1.1.1

		Measured
value

		ETSI TS
102 831
v 1.1.1

		Measured
value

		ETSI TS
102 831
v 1.1.1



		«General Satellite
TE 8511»

		16.4

		16,8

		17.5

		17,2

		19.5

		20,2



		«Signal»

		18.6

		

		20.2

		

		23.9

		





Table 5

S/N values for DVB-T2 256QAM 3/4

		Set-top-box

		Gaussian channel

		Rice channel

		Rayleigh channel



		

		Measured
value

		ETSI TS
102 831
v 1.1.1

		Measured
value

		ETSI TS
102 831
v 1.1.1

		Measured
value

		ETSI TS
102 831
v 1.1.1



		«General Satellite 
TE 8511»

		20.1

		20,0  

		21.2

		20,3

		22.9

		22,6



		«Signal»

		22.7

		

		24.2

		

		26.9

		







Main conclusions:

1)	Field test of DVB-T2 generally confirmed the theoretical values of S/N given in ETSI TS 102 831. Thus, the efficiency of the DVB-T and DVB-T2 systems against interference (and thus on implementing coverage areas) can be compared on the basis of the theoretical values given in ETSI EN 300 744 and ETSI TS 102 831.

2)	It was revealed that DVB-T and DVB-T2 receivers have an average deviation of the S/N values about 2-4 dB from the theoretical values given in ETSI EN 300 744 and ETSI TS 102 831. Meanwhile the deviation can be positive or negative. Thus, this fact should be considered in the experimental determination of the service area of DVBT/T2 stations based on the evaluation of image quality displayed on TV screens as well as on network frequency planning and qualitative comparison of the DVB-T/T2 network characteristics.









______________



M:\BRSGD\TEXT2011\SG06\WP6A\500\591e.docx	21.09.11	21.09.11

M:\BRSGD\TEXT2011\SG06\WP6A\500\591e.docx	21.09.11	21.09.11

image5.png



image6.png



image7.wmf

%


100


1


×


=


å


=


N


M


Q


N


i


i




oleObject1.bin



image8.wmf

)


4


/


3


64


(


QAM


T


DVB


C


C


RC


-


=




image9.wmf

RC


Q


CE


×


=


100




image10.emf



image11.emf



image1.jpeg



image2.jpeg



image3.jpeg



image4.png





M:



\



BRSGD



\



TEXT2011



\



SG06



\



WP6A



\



500



\



591E.DOCX



 



21.09.11



 



21.09.11



 



 



Introduction



 



This 



document 



presents the results of the preliminary comparative evaluation of DVB



-



T and DVB



-



T2 system characteristics on the basis of measurements



 



performed in Russian Federation



.



 



The 



target purposes



 



of the measurements were: 



 



1)



 



To carry out measurements of the main modes of DVB



-



T and DVB



-



T2 systems in the 



reception area of 



Moscow 



Ostankino transmitter, 30 TV channel, in two reception 



directions.



 



2



)



 



To define the reception border for DVB



-



T m



ode in the selected directions.



 



3)



 



To carry out comparative analysis of DVB



-



T и DVB



-



T2 systems in the selected test 



points.



 



Measurements results



 



Locations of measurements and the estimated coverage area of DVB



-



T 



transmitter (Ostankino, 30 



TV channel) are shown in Figures 1



-



2. ERP of transmitter in DVB



-



T and DVB



-



T2 modes is 5



3



.



6



 



dBW, peak factor is 11,6..11,8 dB.



 



Analog TV stations Tver, Tula and Ryazan (see Figure 3) is the closest TV station to the transmitter 



Os



tankino working in 30 TV channel. Maps of the estimated field strength for stations Tver, Tula 



and Ryazan shown in Figures 3



-



5. The maximum field strength from station Tver in measurement 



locations of the town Klin



 



region was about 34 dBµV/m, the sum field



 



strength of Tula and Ryazan 



stations near the Kolomna



 



town was 43 dBµV/m.



 



During the measurements the field strength in test points and the reception parameters was 



measured for the four following digital terrestrial broadcasting modes:



 



1)



 



DVB



-



T, 64 QAM 3



/4, 8k;



 



2)



 



DVB



-



T2, 64 QAM 5/6, 32k ext.



 



3)



 



DVB



-



T2, 256 QAM 3/4, 32k ext and 8k ext.



 



4)



 



DVB



-



T2, 64 QAM 3/4, 32k ext.



 



The signal quality



 



evaluat



ion based on



 



assessment of 



video image quality 



displayed



 



by:



 



1)



 



Measuring test receiver R&S ETL (only DVB



-



T2);



 



2)



 



Digital set



-



top



-



box «General Satellite TE 8511» (DVB



-



T/T2, MPEG



-



2/MPEG4 AVC 



H.264).



 



3)



 



Digital set



-



top



-



box «Signal TLS3001T2 HD» (DV



B



-



T/T2, MPEG



-



2/MPEG4 AVC 



H.264).



 



 



 



 



 






M:\BRSGD\TEXT2011\SG06\WP6A\500\591E.DOCX 21.09.11 21.09.11 


 


Introduction 


This document presents the results of the preliminary comparative evaluation of DVB-T and DVB-


T2 system characteristics on the basis of measurements performed in Russian Federation. 


The target purposes of the measurements were:  


1) To carry out measurements of the main modes of DVB-T and DVB-T2 systems in the 


reception area of Moscow Ostankino transmitter, 30 TV channel, in two reception 


directions. 


2) To define the reception border for DVB-T mode in the selected directions. 


3) To carry out comparative analysis of DVB-T и DVB-T2 systems in the selected test 


points. 


Measurements results 


Locations of measurements and the estimated coverage area of DVB-T transmitter (Ostankino, 30 


TV channel) are shown in Figures 1-2. ERP of transmitter in DVB-T and DVB-T2 modes is 53.6 


dBW, peak factor is 11,6..11,8 dB. 


Analog TV stations Tver, Tula and Ryazan (see Figure 3) is the closest TV station to the transmitter 


Ostankino working in 30 TV channel. Maps of the estimated field strength for stations Tver, Tula 


and Ryazan shown in Figures 3-5. The maximum field strength from station Tver in measurement 


locations of the town Klin region was about 34 dBµV/m, the sum field strength of Tula and Ryazan 


stations near the Kolomna town was 43 dBµV/m. 


During the measurements the field strength in test points and the reception parameters was 


measured for the four following digital terrestrial broadcasting modes: 


1) DVB-T, 64 QAM 3/4, 8k; 


2) DVB-T2, 64 QAM 5/6, 32k ext. 


3) DVB-T2, 256 QAM 3/4, 32k ext and 8k ext. 


4) DVB-T2, 64 QAM 3/4, 32k ext. 


The signal quality evaluation based on assessment of video image quality displayed by: 


1) Measuring test receiver R&S ETL (only DVB-T2); 


2) Digital set-top-box «General Satellite TE 8511» (DVB-T/T2, MPEG-2/MPEG4 AVC 


H.264). 


3) Digital set-top-box «Signal TLS3001T2 HD» (DVB-T/T2, MPEG-2/MPEG4 AVC 


H.264). 


 


 


  



Page 21 of ?

21



ERA Report 98-

[image: image30.png]

Page 1 of 1







		Business Unit: 

		RF & EMC Group  FILLIN  "Please Insert Division name in full here: (AES/ECS/EMC/RFA/SE)"  \* MERGEFORMAT 



		Report Title:

		Assessment of LTE 800 MHz Base Station Interference into DTT Receivers



		Author(s):

		I. Parker, S. Munday



		Client:

		Ofcom FILLIN "Insert Client Company Name here: [Page 1 gives an optional distribution description.  Page 2 shows an optional distribution list, please delete both if inappropriate.]" \o 



		

		 FILLIN "Insert Client's reference here:"\o 



		Report Number:

		2011-xxxx



		Project Number:

		7A0513015 fillin "PLEASE INSERT PROJECT NUMBER 



		Report Version:

		Draft  FILLIN "PLEASE INSERT WHETHER DRAFT OR FINAL" Report



		Document Control:

		Commercial-in-Confidence



		

		

		Report Checked & Approved by:



		

		

		Manager


Division



		January 2017



		Ref. Document10





		©
ERA Technology Limited 2011
All Rights Reserved


No part of this document may be copied or otherwise reproduced without the prior written permission of ERA Technology Limited.  If received electronically, recipient is permitted to make such copies as are necessary to: view the document on a computer system; comply with a reasonable corporate computer data protection and back-up policy and produce one paper copy for personal use.

No part of this document may be copied or otherwise reproduced without the prior written permission of ERA Technology Limited.  If received electronically, recipient is permitted to make such copies as are necessary to: view the document on a computer system; comply with a reasonable corporate computer data protection and back-up policy and produce one paper copy for personal use.


Copied or otherwise reproduced with the prior permission in writing of ERA Technology Ltd.  Such written permission must also be obtained before any part of this document is stored in an electronic system of whatever nature.


No part of this document may be photocopied or otherwise reproduced without the prior permission in writing of ERA Technology Ltd.  Such written permission must also be obtained before any part of this document is stored in an electronic system of whatever nature.




		





		DOCUMENT CONTROL



		Commercial restrictive markings are as contained in page header blocks.



		If no restrictive markings are shown, the document may be distributed freely in whole, without alteration, subject to Copyright.






		ERA Technology Limited 

Cleeve Road


Leatherhead


Surrey kt22 7sa, England

Tel : +44 (0) 1372 367350

Fax: +44 (0) 1372 367359





		Read more about ERA Technology Limited on our Internet page at: www.era.co.uk 







Executive Summary


This report presents the results of a measurement programme to investigate the impact of interference from 800 MHz Long Term Evolution (LTE) base station emissions to Digital Terrestrial Television (DTT) services operating below 790 MHz. The results of the study are intended to inform the Ofcom consultation on technical restrictions that may be needed for co-existence of new services in the 800 MHz band with adjacent DTT use in bands below 790 MHz [1].


Both traditional “superhet” (can) and more recent “silicon” tuners have been considered from a range of manufacturers. Receivers included integrated digital televisions, personal video recorders and set-top boxes.


The base station (BS) signals used in the testing were recorded directly from an equipment vendor’s 800 MHz test network; the base station was configured for both maximum traffic loading (i.e. 100% loading) and idle conditions (i.e. no traffic on the base station, giving rise to time-discontinuous or “bursty” emissions). The recorded base station signals were replayed through a signal generator and the out-of-block emissions were adjusted to comply with the minimum requirements for Case A operation specified in ECC Dec 2010/267/EU [3]. Although base station equipment might reasonably be expected to perform better than the ECC requirement in practice, we have taken a cautious approach in this study by considering the scenario of equipment engineered to just meet the ECC out-of-block limits across DTT channel 60.


The results are presented as Carrier-to-Interference (C/I) protection ratios calculated at the point where interference results in visible degradation to viewed picture quality (the appearance of macroblock artefacts). C/I performance is a measure of receiver selectivity, defining the permitted level of interference for a given wanted signal level and frequency offset; the higher the C/I value the more sensitive the receiver is to interference.

The results show that:


· The traffic loading on the base station has a significant influence on the protection ratio results. Receivers are more susceptible to time-discontinuous emissions, when the base station is operating under idle or low traffic conditions. This is most likely due to the impact of the base station on the receivers’ Automatic Gain Control behaviour;


· The wanted DTT operating mode does not appear to have a big impact on susceptibility to interference. Results using a DVB-T wanted signal are comparable to those using a DVB-T2 signal;

· Receivers become more susceptible to interference as the wanted signal level increases. This is most likely due to the receiver front-end becoming desensitised at higher signal levels (i.e. receiver overload), resulting in the interferer requiring less power to degrade the received picture quality. When the receiver is in overload the higher C/I protection ratios are driven mainly by the increase in wanted signal level. This may have implications in areas of high TV signal strength, or where an amplifier is installed between antenna and receiver to boost the received signal level;


· A co-channel protection ratio of 21 dB would be required to protect all but the worst performing receiver irrespective of DTT transmission mode, wanted signal level at the input to the receiver and base station operating conditions;


· Protection ratios for adjacent channel interference, with the DTT receiver tuned to channel 60 and the LTE interferer centred at 796 MHz, are in the range -17 to -37 dB for low wanted signal levels at the input to the receiver (C = -70 dBm), increasing to between -1 and -20 for high wanted signal levels (C = -30 dBm);


· Superhet tuners are susceptible to image channel interference when the interferer appears nine channels above the wanted (tuned) channel (72 MHz offset). The N+9 image channel rejection of DTT receivers based on superhet tuner designs is critical to minimising the susceptibility of these receivers to LTE base station interference. The results show that a C/I protection ratio of around -40 dB should be specified for superhet receivers. Silicon tuners have a low, or zero, intermediate frequency and do not suffer the same N+9 image problems as superhet receivers.
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1. Introduction


1.1 Background

In March 2011 Ofcom published a consultation document setting out proposals for the award of spectrum in the 800 MHz and 2.6 GHz frequency bands [2]. The 800 MHz band is part of the digital dividend; the spectrum freed up as a result of the switchover from analogue to digital TV. Ofcom envisions this spectrum will be used to deliver the next generation of mobile broadband services using technologies such as LTE and WiMAX. 

The harmonised frequency arrangements for the 800 MHz band are set out in ECC Decision 2010/267/EU [3], based on Frequency Division Duplex operation with the downlink located in the lower part of the band, from 791 – 821 MHz, an 11 MHz duplex gap between 821 – 832 MHz and then the up link located from 832 – 862 MHz. A 1 MHz guard band, from 790 – 791 MHz, separates the edge of the broadcasting band (DTT channel 60) from the LTE downlink allocation, as illustrated in Figure 1.


[image: image1]

Figure 1: LTE and DTT frequency allocations

The deployment of future mobile services in the 800 MHz band introduces the risk of potential interference to DTT receiving equipment. This report considers the coexistence issue between the uppermost DTT channels (channels 51 to 60) and emissions from LTE base stations operating in the 791 – 821 MHz band. Since DTT receivers are designed to operate across UHF Band IV and V, from 470 – 862 MHz, there is the potential for base stations to cause interference to DTT reception through two principal mechanisms:

· Front end overload of the receiver: The receiver becomes overloaded if the sum of the signal powers at the receiver input exceeds a certain threshold. Since this is dependent on the cumulative effect of a number of different signal levels, the severity of the interference will vary in different geographic regions. When the receiver is in overload the ability to discriminate against Adjacent Channel Interference falls as the RF input level rises. 

· Degradation in receiver Signal-to-Noise ratio: If the ratio of wanted signal power to that of interference power at the receiver input reduces below a specific threshold then the DTT receiver will fail to operate properly. Unwanted signal power reduces as the frequency offset between the interferer and victim increases.

In this study we consider the potential for interference to ten different DTT receivers categorised as follows:


· Televisions with integrated digital TV tuners (iDTV);

· Personal video recorders (PVRs) capable of recording digital content to an internal hard drive;

· Set-top boxes capable of receiving “freeview” digital television (STBs).

Two different DTT transmission standards were considered:


· DVB-T, the most widely deployed DTT system worldwide, with more than 200 million receivers operating in over 60 countries [6]. DVB-T transmissions were first broadcast in the UK in 1998;


· DVB-T2, an evolution of the DVB-T standard offering better spectrum efficiency, robustness and flexibility. DVB-T2 uses the latest modulation and coding techniques to enable efficient use of spectrum for the delivery of video, audio and data services to fixed, portable and mobile devices. DVB-T2 transmissions were first broadcast in the UK in March 2010.

Since 800 MHz LTE technology is in the very early stages of roll-out at the time of this study, the base station emissions used as the interference source were recorded from a vendor’s test network. It should be noted that equipment from other vendors may vary in performance, which may in turn have an impact on the results.

Two base station configurations were considered:

· The base station operating under fully loaded traffic conditions (i.e. 100% loading);


· The base station operating under idle traffic conditions (i.e. no traffic loading).


The results of this study have been used to inform the Protection Clause field trial undertaken by Ofcom to test and verify the results of theoretical modelling
.

1.2 Scope & Objectives


The objectives of the practical measurement study were to derive Carrier-to-Interference (C/I) protection ratios for a range of DTT receivers under the following operating conditions:

· DVB-T and DVB-T2 operating modes;

· Wanted signal levels at the input to the receiver of -70, -50, -30, -20 and -12 dBm;


· Interference from time variant LTE base station signals representing fully loaded and idle traffic conditions;

· Frequency offsets from co-channel to N+11 channel offsets, in 8 MHz steps.


2. Test Setup

2.1 Receivers Under Test


DTT receivers can be implemented using a variety of RF tuner architectures [7]. The most common are the super heterodyne (can) receiver and the silicone receiver:


· In a superhet receiver the received RF signal is mixed with a local oscillator (LO) signal to produce a resulting intermediate frequency (IF). This type of receiver is particularly prone to image channel interference at 72 MHz above the wanted frequency (“the N+9 problem”).

· Silicone receivers overcome the superhet IF image response issue by having a zero or low IF stage. The zero IF receiver directly converts the RF signal to baseband centred on 0 Hz using two mixers operating in quadrature. However, this type of architecture introduces other issues centred on the need to amplify signals near or at DC. A low IF receiver attempts to overcome the problems with zero IF receivers by choosing an IF frequency which causes the image frequency to fall into an adjacent channel. The receiver must still achieve sufficient image channel rejection to meet the required adjacent channel specification, but many radio standards require less selectivity for interfering signals occurring in adjacent channels than they do for interfering signals in other channels. Zero and low IF receiver architectures lend themselves to a high degree of integration and are hence often referred to as silicon receivers 
.

The receivers under test in this study are shown in Table 1 below. These consisted of a mix of iDTV, PVR and STBs with either can or silicon tuner architectures. 


Table 1:
Receivers Under Test

		Receiver ID

		DTT Transmission Mode

		Receiver Type

		Tuner



		Receiver 1

		DVB-T & T2

		iDTV

		Silicon



		Receiver 4

		DVB-T & T2

		iDTV

		Can



		Receiver 6

		DVB-T & T2

		PVR

		Silicon



		Receiver 7

		DVB-T2

		iDTV

		Can



		Receiver 8

		DVB-T & T2

		STB

		Silicon



		Receiver 9

		DVB-T2

		iDTV

		Can



		Receiver 10

		DVB-T2

		PVR

		Silicon



		Receiver 11

		DVB-T2

		iDTV

		Can



		Receiver 12

		DVB-T2

		STB

		Silicon



		Receiver 13

		DVB-T

		STB

		Can





2.2 Wanted Signal


The wanted DTT test signal was produced by a Rohde & Schwarz SFE signal generator configured for either DVB-T or DVB-T2 transmissions based on the appropriate parameters from ETSI standards EN 300 744 (DVB-T) [8] and EN 302 755 (DVB-T2) [9]. The key parameters are summarised in Table 2.

Table 2:
Wanted DVB-T/DVB-T2 system parameters


		Parameter

		DVB-T

		DVB-T2



		Multiple access

		COFDM

		COFDM



		Modulation

		64-QAM

		256-QAM



		Forward error correction

		2/3

		2/3



		FFT points

		8 k

		32 k



		Guard Interval ((s)

		7  (1/32)

		28  (1/128)



		Data rate (Mbit/s)

		24.1

		40.2



		Channel bandwidth

		8 MHz

		8 MHz





All measurements were based on the non-critical DVB-T mask described in ETSI EN 302 296 [10] as shown in Table 3. The resulting spectral emissions of the wanted signal are compared with the ETSI non-critical mask in Figure 2 below, measured in a 5 kHz resolution bandwidth (RBW).

Table 3:
DVB-T transmit masks

		Offset (MHz)

		Critical Mask dBc

		Non-critical mask dBc

		Relaxed non-critical mask dBc

		Ref Bandwidth (kHz)



		+/-3.8

		-32.8

		-32.8

		-32.8

		4



		+/-4.2

		-83

		-73

		-67.8

		4



		+/-6

		-95

		-85

		-85

		4



		+/-12

		-120

		-110

		-110

		4



		+/-20

		-120

		-110

		-110

		4
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Figure 2: DVB-T wanted non-critical transmitter mask

Measurements were undertaken for wanted signal levels at the antenna input to the DTT receiver of -70, -50, -30, -20 and -12 dBm and for channel offsets from co-channel (N), channel 60 to channel 48 (in 8 MHz steps) and channel 38.

2.3 Interfering Signal


Commission Decision 2010/267/EU [3] sets out the technical parameters that apply to the use of the 800 MHz band by networks other than high-power broadcasting networks. The technical licence conditions that Ofcom proposes to adopt for the 800 MHz band are set out in a consultation document published in June 2011 [4] and are fully consistent with the ECC Decision 2010/267/EU parameters.

The base station emissions used as the interference source were recorded directly from a vendor’s LTE 800 MHz test network; the base station was configured for maximum traffic loading (i.e. 100% loading) and idle conditions (i.e. no traffic on the base station). In each case the resource block allocation and sub-frame usage were adjusted automatically according the vendor’s base station scheduler. The BASE STATION was configured for QPSK modulation and 10 MHz channel bandwidth as described in Appendix A of ETSI TS 136 104 (3GPP TS 36.104) [11] and summarised in Table 5 below.


Measurements were undertaken with the base station frequency centred on 796 MHz, occupying the frequency range 791 – 801 MHz (Block A) for a 10 MHz bandwidth signal.


Table 4:
LTE BASE STATION signal parameters


		Parameter

		Value



		Multiple access method

		OFDMA



		Duplex

		FDD



		Channel bandwidth

		10 MHz



		Allocated resource blocks 

		Allocated dynamically depending on traffic



		Channel modulation

		QPSK



		Sub-frame length

		1 ms



		Number of OFDM sub-carriers

		12 (per resource block)



		Sub-carrier bandwidth

		15 kHz



		Code rate

		1/3





ECC Dec 2010/267/EU sets out Block Edge Masks (BEMs) as an essential requirement of the technical conditions necessary to ensure coexistence between services at a national level. These BEMs are a set of technical parameters that define the in-block and out-of-block power for the LTE base station. Three cases are defined; Case A for TV channels where broadcasting is protected, Case B for TV channels where broadcasting is subject to an intermediate level of protection and Case C for TV channels where broadcasting is not protected. Ofcom has indicated [4] that they intend to apply Case A limits at all locations and for all DTT frequencies, as summarised in Table 5.


Table 5:
Base station out-of-block EIRP limits


		Case

		Frequency
range

		Condition on base station in-block EIRP, P 
dBm/10 MHz

		Maximum mean 
out-of-block EIRP

		Measurement 


bandwidth



		A

		470 – 790 MHz

		P ≥ 59

		0 dBm

		8 MHz



		

		

		36 ≤ P < 59

		(P-59) dBm

		8 MHz



		

		

		P < 36

		-23 dBm

		8 MHz





Out-of-block power refers to the power radiated by a transmitter outside its channel bandwidth. Since the out-of-block performance of “real” base station equipment is not known at the time of this study we have taken a somewhat worst-case approach by assuming that BASE STATION emissions just meet the maximum mean out-of-block EIRP requirement over DTT channel 60, given in Table 5. Although base station equipment might reasonably be expected to perform better than the ECC requirement, the scenario presented in this report does reflect the potential results of equipment engineered to just meet the ECC out-of-block limits.

The recorded base station emissions were played back through an Agilent E4438C signal generator and amplified by an overdriven amplifier to create spectral re-growth, before being filtered in order to remove any broadband noise and adjust the out-of-block emissions. The transmit power was controlled using a variable attenuator to step the entire mask up or down, thus maintaining a constant relationship between in-block and out-of-block power throughout the testing. The setup is illustrated in Figure 3.


[image: image3]

Figure 3: Generation of LTE BASE STATION interferer

The resulting spectral emissions, for the base station under fully loaded and idle conditions, are shown in Figure 4 and Figure 5 below. It can be see from the figures that the out-of-block power in DTT channel 60, measured in an 8 MHz bandwidth, is -59 dBc (equivalent to 0 dBm assuming an in-block EIRP = 59dBm).

Emission levels reduce with increasing frequency offset from the carrier, resulting in lower out-of-block emissions over channels 59 and below.


[image: image4.png]

Figure 4: Spectral emissions for LTE base station under fully loaded traffic conditions

[image: image5.png]

Figure 5: Spectral emissions for LTE base station under idle traffic conditions

The relative emissions for fully loaded and idle traffic conditions are compared in the figure below. It can be seen that the average power of the base station under idle conditions is lower than when the base station is fully loaded with traffic (by around 8.3 dB). Although the average power of the BASE STATION signal reduces with traffic, the peak power remains the same as for the fully loaded signal.
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Figure 6: Comparison of fully loaded and idle base station emissions

The figure below shows the discontinuous (“bursty”) nature of the base station emissions in idle mode, captured using a fast sweep time on the spectrum analyzer.
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Figure 7: Bursty nature of base station emissions under idle conditions

2.4 Failure Criterion


DVB-T/T2 systems use Coded Orthogonal Frequency Division Multiplexing (COFDM) which spreads the information over a large number of orthogonal carriers. Forward Error Correction (FEC) is then applied to improve the Bit Error Ratio (BER). In many digital systems the data to be transmitted undergoes two types of FEC coding; Reed Solomon and convolutional coding (Viterbi). At the receiver end, the pseudo-random sequence added at the transmitter by the convolutional encoder is decoded by the Viterbi decoder, followed by Reed Solomon decoding for parity checking. 


The error protection employed by such digital systems usually results in an abrupt “cliff-edge” effect in the presence of interference when compared to analogue systems. The Digital TV Group
 publishes the D-Book, which includes degradation criteria to be used when assessing interference to digital systems. The different DVB-T receiver degradation criteria taken from the D-Book are compared in Table 6 below.

Table 6:
D-Book comparison of degradation criteria


		Criterion

		Description

		Comments



		REFBER

		Post Viterbi BER=2x10-4

		BER can be very erratic with some types of impairment (e.g. impulsive inference), so an accurate measure can be hard to achieve. A measure of BER is often not available (e.g. in a commercial receiver).



		UCE

		No un-correctable Transport Stream errors in a defined period.

		Probably the most useful measure, but unfortunately this is often not available (e.g. in a commercial receiver).



		UCE 


Rate

		A measure of the number of UCE in a defined period.

		Sometimes normalised to ‘Error Seconds’ (Used for ‘mobile’ applications).



		PF

		“Picture Failure”. No. of observed, (or detected) picture artefacts in a defined period. 

		This is what the consumer sees and cares about. There is always access to a ‘picture’ in a commercial receiver. However, when testing demodulators alone, MPEG decoding and picture display is not always available.



		SFP

		“Subjective failure point”

		Essentially the same as PF





The reference BER, defined as BER = 2 x 10-4 after Viterbi decoding, corresponds to the Quasi Error Free (QEF) criterion in the DVB-T standard, which states “less than one uncorrelated error event per hour”. 


However, as noted in the D-Book, there is often no direct way of identifying BER or transport stream errors for commercial receivers. In this case Picture Failure (PF) is the only means of assessing the interference effects.

The PF point was identified by visual observation as shown in Figure 8 below, which shows the onset of un-correctable errors (UCE) used to determine the failure point. The onset of a complete picture failure, i.e. no reception, could be observed with a 1 to 2 dB increase in the interfering signal from the PF point.


[image: image31.png][image: image32.png][image: image8.jpg]

Figure 8: Received picture showing onset of interference


2.5 Measurement Set Up

The test set-up used to perform the conducted interference measurements is shown in Figure 9 below.

The wanted DVB-T/T2 signal and unwanted LTE interferer were combined and connected to the receiver under test via an impedance matching network. A splitter was used to allow the wanted and unwanted signals to be measured on a spectrum analyzer. Cable and insertion losses have been taken into account in the results.


[image: image9]

Figure 9: Equipment Test Setup


2.6 Test Method


The following measurement procedure was used to calculate the C/I protection ratios using the conducted test set-up shown in Figure 6:

1. The receiver under test was initially tuned to 786 MHz (Ch60) and the wanted signal at the input to the antenna was set to the required power level;

2. The wanted signal channel power (C) was recorded in an 8 MHz channel bandwidth using a spectrum analyzer in channel power mode. The analyzer was set to RMS detection with a Resolution Bandwidth (RBW) of 100 kHz and a Video Bandwidth (VBW) of 1 MHz;

3. The LTE base station was set to a centre frequency of 796 MHz and the interfering signal level (I) was increased in 1 dB steps until the required failure criterion was met;

4. The interfering signal channel power (I) was recorded in a 10 MHz channel bandwidth using a spectrum analyzer in channel power mode. The analyzer was set to RMS detection with a RBW of 100 kHz and a VBW of 1 MHz;

5. The Carrier-to-Interference protection ratio was calculated from steps 2 and 4.

Steps 1 to 5 were repeated for wanted signal levels -70, -50, -30, -20 and -12 dBm and for channel offsets from co-channel (N), channel 60 to 48, and channel 38.

3. Results

In the following sections results are presented as the Carrier-to-Interference protection ratio required to protect the DTT receiver under test from LTE base station interference for the following operating scenarios:

· DVB-T and DVB-T2 signal reception;

· Wanted carrier signal levels of -70, -50 and -30 dBm;


· DTT channel offsets from co-channel
 to channel 38;


· LTE base station signals representing fully loaded and idle traffic conditions.

Receiver C/I performance is a measure of selectivity, defining the permitted level of interference for a given wanted signal level and frequency offset; the higher the C/I value the more sensitive the receiver is to interference. 

In the following sections:

· Figure 10 to Figure 15 show the C/I protection ratio results for 5 receivers receiving DVB-T signals, for different wanted signal levels and channel offsets;

· Figure 16 to Figure 21 show the C/I protection ratio results for 9 receivers receiving DVB-T2 signals, for different wanted signal levels and channel offsets;

· Figure 22 and Figure 23 provide a comparison between DVB-T and DVB-T2 modes of operation for channel 60, for receivers 1, 4, 6 and 8;

· Figure 24 and Figure 25 provide a comparison between fully loaded and idle base station interference for channel 60, for receivers 1, 4, 6 and 8.

Appendix A provides additional results for channel 60 (the first adjacent channel to the LTE base station frequency allocation) plotted as wanted signal level (C) against interfering signal level (I).

3.1 Carrier-to-Interference protection ratios
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Figure 10: C/I protection ratios for DVB-T; fully loaded BS; C = -70 dBm
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Figure 11: C/I protection ratios for DVB-T; idle BS; C = -70 dBm
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Figure 12: C/I protection ratios for DVB-T; fully loaded BS; C = -50 dBm
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Figure 13: C/I protection ratios for DVB-T; idle BS; C = -50 dBm
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Figure 14: C/I protection ratios for DVB-T; fully loaded BS; C = -30 dBm
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Figure 15: C/I protection ratios for DVB-T; idle BS; C = -30 dBm
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Figure 16: C/I protection ratios for DVB-T2; fully loaded BS; C = -70 dBm
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Figure 17: C/I protection ratios for DVB-T2; idle BS; C = -70 dBm
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Figure 18: C/I protection ratios for DVB-T2; fully loaded BS; C = -50 dBm
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Figure 19: C/I protection ratios for DVB-T2; idle BS; C = -50 dBm
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Figure 20: C/I protection ratios for DVB-T2; fully loaded BS; C = -30 dBm
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Figure 21: C/I protection ratios for DVB-T2; idle BS; C = -30 dBm


3.2 Comparison between DVB-T and DVB-T2 reception
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Figure 22: Comparison between DVB-T and DVB-T2; fully loaded BS
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Figure 23: Comparison between DVB-T and DVB-T2; idle BS


3.3 Comparison between fully loaded and idle BS operation
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Figure 24: Comparison between fully loaded and idle BS; DVB-T transmission
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Figure 25: Comparison between fully loaded and idle BS; DVB-T2 transmission

3.4 Analysis of Results

3.4.1 Carrier-to-Interference protection ratios


For the DVB-T receivers operating in channel 60 (first adjacent channel to the LTE BS):


· For a base station with maximum traffic loading (i.e. 100% load), protection ratios vary between -46 and -41 dB for low wanted signal levels (C = -70 dBm). As the wanted signal level increases, the required protection ratios also increase, to between -28 and -22 dB for a wanted level of C = -30 dBm. 

· For a base station operating under idle conditions (i.e. no traffic load) the receivers are more susceptible to interference, requiring higher protection ratios of between -42 and        -19 dB for C = -70 dBm, increasing to between -22 and 0 dB for C = -30 dBm.


For the DVB-T2 receivers operating in channel 60:


· For a base station with maximum traffic loading protection ratios vary between -43 and -35 dB for C = -70 dBm to between -29 and -17 dB for C = -30 dBm. 

· For a base station operating under idle conditions the receivers are again more susceptible to interference, requiring protection ratios of between -37 and -17 dB for C = -70 dBm, increasing to between -20 and -1 dB for C = -30 dBm.

The results show that as the wanted signal level increases the receivers become more susceptible to interference from LTE base station emissions. Previous work by ERA [12] has shown that the front end of a digital receiver starts to become desensitised for wanted signal levels greater than about -50 dBm. This desensitisation results in the interferer requiring less power to degrade the received picture quality, and the increase in C/I protection ratio is driven mainly by the increase in wanted signal level.

Receiver 8 (STB with silicon tuner) was found to be most susceptible to interference overall, particularly from the base station operating in idle mode. Protection ratios as high as 0 dB are required to protect the receiver when operating in DVB-T mode at C = -30 dBm, and     -19 dB for C = -70 dBm. Receivers 1 (iDTV with silicon tuner) and 6 (PVR with silicon tuner) were generally the least susceptible to interference.

Receivers 4, 7, 9, 11 and 13 are based on superhet tuners and are susceptible to image channel interference when the interferer appears nine channels above the wanted (tuned) channel (72 MHz offset). Receivers 4 and 13 (DVB-T) require C/I protection ratios of -41 and -45 dB for low wanted signal levels ( C = -70 dBm); Receivers 7, 9 and 11 (DVB-T2) require slightly higher protection ratios, between -33 and -39 dB. Silicon tuners, although exhibiting relatively poor overload performance, are much less sensitive to interference at the N+9 image frequency. Some of these receivers also exhibit a response at N+4; this is more noticeable for a wanted signal level of C = -50 dBm, with the base station fully loaded (Figure 18). The C/I protection ratios are summarised in the tables below for co-channel (N), channel N+1, N+2 and N+9.

Table 7:
Summary of C/I protection ratios for C = -70 dBm

		Wanted transmission:

		DVB-T

		DVB-T2



		BS operating mode:

		Idle

		100%

		Idle

		100%



		Rx1

		Co-channel


N+1

N+2

N+9

		18.89


-42.37


-46


-

		15.46


-45.79


-52.81


-62.51

		17.22


-37.85


-41.8


-51.67

		15.38


-43.18


-49.17


-58.17



		Rx4

		Co-channel


N+1

N+2

N+9

		18.18


-33.27


-40.01


-39.87

		14.63


-41.54


-44.21


-45.31

		17.99


-34.63


-43.02


-48.13

		20.98


-39.06


-45.78


-47.15



		Rx6

		Co-channel


N+1


N+2


N+9

		20.64


-38.68


-48.42


-

		18.17


-42.98


-54.87


-70.85

		16.49


-36.13


-47.86


-66.44

		18.28


-39.99


-51.69


-68.78



		Rx7

		Co-channel


N+1


N+2


N+9

		

		

		18.64


-37.31


-41.31

-37.53

		19.94


-43.47


-44.18


-36.96



		Rx8

		Co-channel


N+1


N+2


N+9

		19.35


-19.13


-21.08


-15.72

		15.53


-44.4


-45.94


-53.44

		17.85


-18.85


-22.73


-35.22

		17.21


-39.28


-43.82


-50.72



		Rx9

		Co-channel


N+1


N+2


N+9

		

		

		18.31


-31.38


-43


-35.58

		18.79


-36.19


-45.21


-33.71



		Rx10

		Co-channel


N+1


N+2


N+9

		

		

		18.82


-17.56


-23.95


-45.29

		19.00


-35.97


-47.66


-57.35



		Rx11

		Co-channel


N+1


N+2


N+9

		

		

		19.11


-34.06


-35.54


-40.96

		19.95


-35.47


-40.22


-39.11



		Rx12

		Co-channel


N+1


N+2


N+9

		

		

		19.35


-17.45


-23.47


-45.68

		21.36


-35.40


-46.59


-53.34



		Rx13

		Co-channel


N+1


N+2


N+9

		22.67


-36.12


-42.21


-44.23

		12.93


-46.25


-46


-52.98

		

		





Table 8:
Summary of C/I protection ratios for C = -50 dBm


		Wanted transmission:

		DVB-T

		DVB-T2



		BS operating mode:

		Idle

		100%

		Idle

		100%



		Rx1

		Co-channel


N+1


N+2


N+9

		19.21


-39.02


-42.32


-

		15.28


-45.82


-48.81


-

		17.98


-39.15


-43.03


-

		19.74


-45.54


-48.42


-55.78



		Rx4

		Co-channel


N+1


N+2


N+9

		19.78


-28.43


-36.09


-39.87

		15.76


-35.09


-42.16


-44.19

		17.73


-31.84


-40.21


-44.79

		18.55


-35.75


-43.61


-45.67



		Rx6

		Co-channel


N+1


N+2


N+9

		19.75


-31.08


-41.4


-

		15.93


-36.96


-47.55


-53.77

		16.79


-33.02


-43.65


-

		18.56


-34.83


-47.00


-50.07



		Rx7

		Co-channel


N+1


N+2


N+9

		

		

		17.64


-32.41


-35.42


-37.27

		18.56


-37.25


-38.42


-37.33



		Rx8

		Co-channel


N+1


N+2


N+9

		19.79


-3.84


-7.37


-15.72

		15.37


-40.09


-42.92


-44.52

		17.61


-9.54


-14.95


-17.44

		18.23


-39.04


-41.83


-44.78



		Rx9

		Co-channel


N+1


N+2


N+9

		

		

		17.12


-29.90


-40.83


-37.2

		18.79


-33.10


-42.34


-35.43



		Rx10

		Co-channel


N+1


N+2


N+9

		

		

		17.89


-9.89


-17.31


-33.82

		19.02


-34.55


-37.70


-38.6



		Rx11

		Co-channel


N+1


N+2


N+9

		

		

		17.89


-28.89


-35.66


-40.07

		19.88


-33.92


-36.34


-39.97



		Rx12

		Co-channel


N+1


N+2


N+9

		

		

		17.72


-11.51


-16.89


-

		18.43


-34.97


-46.66


-



		Rx13

		Co-channel


N+1


N+2


N+9

		20.17


-30.00


-39.71


-44.23

		16.39


-38.19


-43.43


-50.21

		

		





Table 9:
Summary of C/I protection ratios for C = -30 dBm


		Wanted transmission:

		DVB-T

		DVB-T2



		BS operating mode:

		Idle

		100%

		Idle

		100%



		Rx1

		Co-channel


N+1


N+2


N+9

		19.50


-22.16


-


-

		15.56


-28.71


-33.76


-

		17.53


-


-


-

		18.15


-28.45


-32.16


-



		Rx4

		Co-channel


N+1


N+2


N+9

		20.19


-16.17


-21.18


-23.23

		14.92


-22.13


-27.15


-30.17

		17.88


-17.16


-23.12


-

		19.25


-22.55


-26.45


-28.58



		Rx6

		Co-channel


N+1


N+2


N+9

		20.56


-19.55


-23.20


-

		15.14


-24.03


-29.63


-

		16.53


-19.28


-25.81


-

		18.38


-23.86


-28.71


-30.93



		Rx7

		Co-channel


N+1


N+2


N+9

		

		

		17.62


-20.26


-26.04


-25.92

		18.67


-22.67


-28.57


-29.15



		Rx8

		Co-channel


N+1


N+2


N+9

		20.05


0.80


-1.23


-7.19

		15.14


-23.08


-24.78


-24.46

		17.54


-1.44


-4.03


-11.17

		18.07


-21.95


-23.05


-24.79



		Rx9

		Co-channel


N+1


N+2


N+9

		

		

		17.84


-18.51


-25.55


-

		18.57


-22.46


-29.05


-30.89



		Rx10

		Co-channel


N+1


N+2


N+9

		

		

		17.76


-8.87


-14.60


-13.59

		18.88


-17.31


-18.31


-18.49



		Rx11

		Co-channel


N+1


N+2


N+9

		

		

		18.14


-18.18


-22.37


-23.65

		19.16


-22.34


-34.00


-25.13



		Rx12

		Co-channel


N+1


N+2


N+9

		

		

		18.42


-14.44


-21.07


-

		18.35


-29.87


-32.54


-



		Rx13

		Co-channel


N+1


N+2


N+9

		20.80


-16.77


-23.94


-

		16.61


-25.09


-30.10


-

		

		





3.4.2 DTT transmission mode

Receivers 1, 4, 6 and 8 are capable of operating in either DVB-T or DVB-T2 reception modes. Figure 22 and Figure 23 show the difference in results for DVB-T and DVB-T2 wanted signals under fully loaded and idle base station operating conditions for channel 60.


The results show that the susceptibility of DVB-T and DVB-T2 signals to LTE base station interference is very similar; DVB-T2 signals appear to be slightly more susceptible to interference when the base station is fully loaded with traffic and DVB-T signals are slightly more susceptible when the base station is in idle mode. 

Receiver 1 was more susceptible to interference when receiving DVB-T2 signals regardless of base station operating mode.


3.4.3 Base Station operating mode


Figure 24 and Figure 25 show the difference in receiver performance when subjected to interference from fully loaded and idle base station emissions. 

The results show that receivers are more susceptible to emissions when the base station is operating under idle conditions, most likely due to the time domain variation of the signal envelope affecting the receivers’ AGC behaviour. This is particularly evident for Receivers 8, 10 and 12 which are all based on silicon tuner architectures. 

Receiver 8 requires an additional 25 dB of protection from idle base station emissions in channel 60, compared to fully loaded base station emissions.

4. Conclusions

A measurements programme has been undertaken to derive Carrier-to-Interference protection ratios for a selection of DVB-T and DVB-T2 capable receivers when subjected to interference from LTE 800 MHz Base Stations. Both traditional “superhet” (can) and more recent “silicon” tuners have been considered from a range of manufacturers. Receivers included integrated digital televisions, personal video recorders and set-top boxes.

The base station signals used in the testing were recorded directly from a vendor’s 800 MHz test network; the base station was configured for maximum traffic loading (i.e. 100% loading) and idle conditions (i.e. no traffic on the base station resulting in time-discontinuous, or “bursty” emissions). The recorded base station signals were replayed through a signal generator and the out-of-block emissions were adjusted to comply with the minimum requirements for Case A operation specified in ECC Dec 2010/267/EU. Although base station equipment might reasonably be expected to perform better than the ECC requirement in practice, we have taken a cautious approach in this study by considering the scenario of equipment engineered to just meet the ECC out-of-block limits across DTT channel 60.

The results show that:


· The traffic loading on the base station has a significant influence on the protection ratio results. Receivers are more susceptible to time-discontinuous emissions, when the base station is operating under idle or low traffic conditions. This is most likely due to the impact of the base station on the receivers’ Automatic Gain Control behaviour;

· From the limited number of receivers tested, silicon tuners appear to be more susceptible to interference when the base station is operating under idle conditions;


· Results for DVB-T and DVB-T2 reception modes are similar; DVB-T receivers appear to be slightly more susceptible to idle base station conditions while DVB-T2 receivers appear to be more susceptible to fully loaded base station conditions;

· Receivers become more susceptible to interference as the wanted signal level increases. This is most likely due to the receiver front-end becoming desensitised (overloaded) at higher signal levels, resulting in the interferer requiring less power to degrade the received picture quality. When the receiver is overloaded, the higher C/I protection ratios are driven mainly by the increase in wanted signal level. This may have implications in areas of high TV signal strength, or where an amplifier is installed between antenna and receiver to boost the received signal level;

· A co-channel protection ratio of 21 dB would be required to protect all but the worst performing receiver irrespective of DTT transmission mode, wanted signal level at the input to the receiver and base station operating conditions;


· Protection ratios for adjacent channel interference, with the DTT receiver tuned to channel 60 and the LTE interferer centred at 796 MHz, are in the range -17 to -37 dB for low wanted signal levels at the input to the receiver (C = -70 dBm), increasing to between -1 and -20 for high wanted signal levels (C = -30 dBm);

· Superhet tuners are susceptible to image channel interference when the interferer appears nine channels above the wanted (tuned) channel (72 MHz offset). Receivers 4 and 13 (DVB-T) require C/I protection ratios of -41 and -45 dB for low wanted signal levels (C = -70 dBm); Receivers 7, 9 and 11 (DVB-T2) require slightly higher protection ratios, between -33 and -39 dB. Silicon tuners, although exhibiting relatively poor overload performance, are much less sensitive to interference at the N+9 image frequency.
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Appendix A 
Carrier against Interference Results
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Figure 26: C against I for channel 60, DVB-T transmission, fully loaded BS
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Figure 27: C against I for channel 60, DVB-T transmission, idle BS
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Figure 28: C against I for channel 60, DVB-T2 transmission, fully loaded BS
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Figure 29: C against I for channel 60, DVB-T2 transmission, idle BS
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� � HYPERLINK "http://stakeholders.ofcom.org.uk/consultations/coexistence-with-dtt/" ��http://stakeholders.ofcom.org.uk/consultations/coexistence-with-dtt/� 


� For a detailed discussion on receiver architecture the reader is referred to reference [7]


� The Digital TV Group is the industry association for digital television in the UK. See �HYPERLINK "http://www.dtg.org.uk/"�http://www.dtg.org.uk/� 


� Co-channel C/I protection ratios are included for information only; co-channel operation of DTT receivers and LTE base stations will not be possible in practice.
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