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	Abstract





This Technical Note gives details of measurements carried out inside a number of residential buildings. The measurements were intended to evaluate the loss in the field strength of digital terrestrial television signals when received indoors, compared with outdoor 10 metre reception. The work also enables values of key parameters associated with indoor reception to be evaluated.


The results suggest an average loss of 24 to 27 dB for ground floor rooms, 20 to 22 dB for first floor rooms and progressively lower values for higher floors. Acceptable indoor coverage should be achieved with a 10 metre field strength of 70 dB (V/m for first floor rooms and 75 dB (V/m for ground floor rooms. Good indoor reception would, however, require field strengths approaching 90 dB µV/m. If such field strengths are not available at a given location, a possible solution would be to use a domestic gap-filler.
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Introduction


In 1995 a number of measurements were made inside buildings using the DTT equipment [1]. A total of 6 buildings were measured, and at each of them a value was calculated for the difference in dB between the field strength measured inside and that measured outside at a height of 10 metres above ground level. This value was called the building loss and was between 16 and 29 dB for upstairs rooms and between 19 and 34 dB for downstairs rooms. In terms of the outside field strength, it was estimated that a field strength of about 70 dB µV/m at 10 metres should provide good indoor reception for upstairs rooms. For downstairs rooms, however, the field strength would need to be about 10 dB higher.


These measurements, however, represent only a fairly small sample of buildings. Also, they were carried out with a relatively early version of the DTT receiver, which was working in 16 QAM mode, rather than the 64 QAM mode that will be used when digital terrestrial services launch. Therefore, between September 1997 and April 1998, more tests were carried on a wider range of houses using the DVB-T mode that will actually be used in the UK. This document reports on the results of these tests.


Measurement Techniques


The measurement techniques were essentially identical to those used in the previous tests [1]. The procedure was as follows.


The field strength at 10 metres was measured using a log-periodic antenna mounted on the pneumatic mast of the DVB-T survey vehicle. In most case this was achieved by shunting the vehicle a short distance (approximately 10 metres) whilst logging the field strength using the ESVB measuring receiver and a PC-based logging system. The resulting data files were then analysed to give a median value of field strength. Occasionally it was not possible to perform such a shunt due to overhead obstacles or other parked vehicles. In these cases the field strength was logged for about 30 seconds with the vehicle stationary.


The Field strength inside a room was measured using a crossed dipole omni-directional antenna which was walked around the room, so as to sample it as evenly as possible. Signals from the antenna were fed via a calibrated length of low-loss cable to the measuring equipment located in the vehicle where they were logged as described above. The data files were analysed to give a median field strength and also a standard deviation. The building loss for the room was calculated as the difference in dB between the room median and the 10 metre median measured in (1).


A domestic set-top antenna was positioned at a number of locations within the room and positioned for maximum received signal. The signal was fed to the measuring vehicle as before and decoded by the DVB-T receiver. An attenuator in the vehicle was used to attenuate the signal until reception just failed. The required attenuator setting and the received signal strength were then used to calculate the C/N value at which reception was just achieved. More details of the method used to achieve this are given in Reference [2].


In addition, a median and a standard deviation value was calculated from the individual signal strength measurements made using the set-top antenna. This allowed a building loss figure to be calculated using this set-top antenna in place of the crossed dipole onmi�directional antenna. This procedure was not adopted during the previous tests. The results of this work will be reported in a subsequent Technical Note, which will give a comparison of directional and omni-directional antennas for indoor reception.


Details of Buildings


A total of 33 buildings were measured. Most of these received signals from the experimental DVB-T transmitter at Crystal Palace. However, two of them could not receive a satisfactory signal from Crystal Palace. They could, however, receive a strong signal from a small ‘gap�filler’ transmitter located at Kenley, 15.6 km South West of Crystal Palace.


The buildings consisted of domestic houses and flats, 15 of which were new buildings made available by building companies. The remainder were homes made available to us by BBC staff. They are believed to represent a typical cross section of residential buildings found in the UK. All of the buildings were of conventional brick structure. Most had wooden floors, although one or two of the new houses were believed to have concrete floors. In each building a number of individual rooms were measured. The number of rooms measured in each building varied between 2 and 10 depending on the size of the residence, time available and the wishes of the home owner. The rooms were placed in categories according to two criteria. The first criterion was their floor height: ground, first, second etc. The second criterion was the side of the building relative to the direction of the transmitter. Three categories were defined for this second criterion. Rooms on the side of the building facing the transmitter were defined as ‘Nearest Tx’, rooms on the side of the building furthest from the transmitter were defined as ‘Furthest Tx’ and rooms in between or facing side on to the transmitter were defined as ‘Middle’. Real rooms seldom fit exactly into these categories so a degree of interpretation was required in some cases.


Results


Measurements were made for all rooms and the results were divided into room categories. Statistical calculations (median standard deviation, etc.) were then made on the results for each category. Finally some calculations were performed to estimate the field strength required to give different levels of indoor coverage. The results will now be summarised.


Building Loss


The distributions of building loss for the rooms measured are shown in � REF _Ref418069260 \* MERGEFORMAT �Figure 1�. Individual distributions are shown for ground, first, second, third and fourth floor room categories. Note that each bar of these histograms shows the number of measured rooms giving a loss within a range of 2dB. Thus the bar labelled 22 gives the number of rooms giving a value less than 24, but greater than or equal to 22. It should be remembered that the majority of the buildings measured were conventional two�storey houses. Therefore, the number of rooms at second floor height and above is very limited. Nevertheless, the trends can be seen. In general, the higher the floor level, the lower the building loss. This is principally due to the lower levels of ground clutter at increased heights.





It can also be seen that some very low values of building loss were observed, as low as 6 dB for ground floor rooms and 2 dB for first floor rooms. These values, in fact, relate to four particular houses. At each of these locations it was found that there were large obstructions blocking the signal path. Since these obstacles were considerably higher than 10 metres, there was very little height gain. In addition, the 10 metre measurement was made from the road at a
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Figure � SEQ Figure \* ARABIC �1�. Distribution of Building Loss values for different floor levels
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� REF _Ref418069260 \* MERGEFORMAT �Figure 1�. Continued.
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distance of about 10 metres from the house. It is possible that the obstacle may have produced local effects such that the attenuation at the 10 metre measurement point was somewhat greater than at the house. Nevertheless, these results do demonstrate the kind of effects that might be observed in practice.


� REF _Ref418070669 \* MERGEFORMAT �Table 1�. gives a summary of the building loss measurements for all categories. It can be seen that the median building loss was 25.2 dB for ground floor rooms, 20.6 dB for first floor rooms and 18.6 dB for second floor rooms. For third and fourth floor rooms, in each case the results were based on just one flat. The value for fourth floor flat was 11.6 dB which fits the trend. However, the third floor flat gave a value of  21.3 which is rather higher than expected.


It can also be observed that there is a difference between rooms on the side of the building nearest to the transmitter and rooms on the opposite side of the building. For ground floor rooms this difference is on average 2.9 dB. However, the difference appears to be less for higher floors.


It is significant that the third floor flat goes against this trend. In this case the difference between the two sides of the building was almost 10 dB. This indicates that the mechanisms by which signals reach the far side of the building were severely limited in this case. This may be due to the structure of the building, or a lack of outside objects to reflect signals towards the far side of the building. Additionally, since the building was very large, it may have cast an RF ‘shadow’ on these objects.  If we consider only the rooms nearest the transmitter, this building gives a building loss of 16.4 dB which is in line with the general trend.





�
�
Number of Rooms�
Median Value (dB)�
Standard Deviation (dB)�
Maximum (dB)�
Minimum (dB)�
�
Ground Floor�
All Rooms�
54�
25.2�
7.3�
37.9�
6.8�
�
�
Nearest Tx�
27�
24.2�
8.3�
37.9�
6.8�
�
�
Middle�
6�
25.9�
5.2�
35.8�
21.7�
�
�
Furthest Tx�
21�
27.1�
6.2�
35.9�
10.7�
�
�
�
�
�
�
�
�
�
First Floor�
All Rooms�
58�
20.6�
6�
32.7�
2.1�
�
�
Nearest Tx�
30�
20.1�
5.9�
29.8�
2.1�
�
�
Middle�
6�
20.2�
6.2�
32.7�
14.7�
�
�
Furthest Tx�
22�
21.9�
6.3�
32.5�
3.6�
�
�
�
�
�
�
�
�
�
Second Floor�
All Rooms�
14�
18.6�
7�
29.2�
7�
�
�
Nearest Tx�
8�
17.3�
6.3�
27.7�
10�
�
�
Middle�
1�
29.2�
-----�
29.2�
29.2�
�
�
Furthest Tx�
5�
18.9�
7.7�
28.1�
7�
�
�
�
�
�
�
�
�
�
Third Floor�
All Rooms�
4�
21.3�
5.9�
26.8�
14.4�
�
�
Nearest Tx�
2�
16.4�
-----�
18.4�
14.4�
�
�
Furthest Tx�
2�
26.1�
-----�
26.8�
25.4�
�
�
�
�
�
�
�
�
�
Fourth Floor�
All Rooms�
5�
11.6�
3.1�
16.1�
8.9�
�
Table � SEQ Table \* ARABIC �1�. Summary of Building Loss Measurements
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The particularly high value measured for middle second floor rooms is based upon a single room. It is not clear why this room gave such a high value of loss, however this building did appear to produce high values of loss.


Standard Deviation


� REF _Ref418074725 \* MERGEFORMAT �Table 2�. shows the average values of the standard deviation of the field strength measured in the buildings. It can be seen that the standard deviation within a room is generally between 3 and 4 dB. There is a slight tendency for standard deviation to increase with floor height. This could be explained by the fact that there are less likely to be reflecting and diffracting objects at greater heights. The room is, therefore, likely to receive a more direct signal from the transmitter with less spatial diversity. The Fourth floor rooms, in fact, gave a value of 5 dB. Since this is based on only one building, however, little significance can be attached to it. Also, the standard deviation tends to be greater in rooms on the side of the building nearest to the transmitter.





�
�
Average value of Standard Deviation (dB)�
�
Ground Floor�
All Rooms�
3.6�
�
�
Nearest Tx�
3.7�
�
�
Middle�
4�
�
�
Furthest Tx�
3.3�
�
�
�
�
�
First Floor�
All Rooms�
3.8�
�
�
Nearest Tx�
4.0�
�
�
Middle�
3.7�
�
�
Furthest Tx�
3.4�
�
�
�
�
�
Second Floor�
All Rooms�
4.2�
�
�
Nearest Tx�
4.0�
�
�
Middle�
-----�
�
�
Furthest Tx�
4.8�
�
�
�
�
�
Third Floor�
All Rooms�
3.4�
�
�
Nearest Tx�
4.2�
�
�
Furthest Tx�
2.6�
�
�
�
�
�
Fourth Floor�
All Rooms�
5.0�
�
Table � SEQ Table \* ARABIC �2�. Standard deviation of field strength measured inside buildings


�
Minimum C/N inside Building


� REF _Ref397824092 \* MERGEFORMAT �Table 3�. shows the median values of minimum C/N required to decode signals at a number of test locations inside the buildings. These figures correspond to the absolute minimum values for decoding and are somewhat lower than the quasi error-free condition usually used in the laboratory. As before, values are given for different floor levels and at different sides of the building. Looking at the values there seems to be little evidence of a significant difference between floors, although there is a tendency for rooms on the side of the building furthest from the transmitter to require a slightly higher C/N.


The variation between sides of the building is more pronounced if the maximum and minimum values are considered. It seems that particularly high values tend to be found on the side of the building furthest from the transmitter. This is particularly true for ground floor rooms, but not for first and second floor rooms. The variation does, however, occur for the third and fourth floor rooms. This may be due to the nature of the buildings concerned. These were large blocks of flats which could have given rise to more obstructed signal paths to the furthest rooms than might occur in the case of smaller houses. This would result in a more distorted channel, and hence a higher C/N.


 


�
�
Median (dB)�
Maximum (dB)�
Minimum (dB)�
�
Ground Floor�
All Rooms�
19.4�
25.6�
17.6�
�
�
Nearest Tx�
18.9�
23.0�
17.6�
�
�
Middle�
19.7�
24.1�
18.3�
�
�
Furthest Tx�
19.7�
25.6�
18.3�
�
�
�
�
�
�
�
First Floor�
All Rooms�
19.9�
21.3�
17.4�
�
�
Nearest Tx�
19.6�
21.3�
18.0�
�
�
Middle�
20.4�
21.2�
18.6�
�
�
Furthest Tx�
20.6�
21.1�
17.7�
�
�
�
�
�
�
�
Second Floor�
All Rooms�
20.8�
22.2�
20.0�
�
�
Nearest Tx�
20.6�
22.2�
20.1�
�
�
Furthest Tx�
20.8�
22.2�
20.7�
�
�
�
�
�
�
�
Third Floor�
All Rooms�
20.2�
24.0�
18.3�
�
�
Nearest Tx�
20.1�
22.6�
18.3�
�
�
Furthest Tx�
21.7�
24.0�
18.9�
�
�
�
�
�
�
�
Fourth Floor�
All Rooms�
18.9�
22.7�
18.3�
�
�
Nearest Tx�
18.9�
19.8�
18.5�
�
�
Furthest Tx�
19.9�
22.7�
18.3�
�
�
�
�
�
�
�
ALL ROOMS�
�
19.6�
25.6�
17.4�
�
Table � SEQ Table \* ARABIC �3�. Minimum Carrier to Noise Requirement for Indoor Reception





Minimum Field Strength at 10 Metres


From the foregoing results it is possible to make some estimates of the field strength values required at 10 metres in order to provide various levels of coverage to indoor portable antennas. For the purpose of this study the coverage in a room will be defined as ‘good’ if at least 90% of locations within it are served, and ‘acceptable’ if at least 50% of locations are served.


The median C/N values in section � REF _Ref418311284 \n �4.3� allow a median value to be calculated for the required field strength at the indoor receiving antenna. By adding to this the median building loss, it is possible to estimate the required outdoor field strength at 10 metres. Since this result is calculated from median values, it corresponds to the field strength required to provide coverage to 50% of the measured rooms. Moreover, since the loss measurements for each room were themselves based on median field strengths within the room, the level of coverage achieved in these rooms would be 50% of locations. Consequently, the values correspond to the field strength at which 50% of rooms would achieve coverage to 50% of locations. � REF _Ref418312594 \* MERGEFORMAT �Table 4�. gives the results of this calculation for the various floor levels as before. For the purpose of these calculations a receiver noise figure of  7 dB has been assumed.





�
�
50% of Rooms 50% of locations within room�
50% of Rooms 90% of locations within room�
All Rooms    50% of locations within room�
All Rooms    90% of locations within room�
�
Ground Floor�
All Rooms�
74.4�
81.1�
86.1�
92.8�
�
�
Nearest Tx�
71.9�
78.4�
85.6�
92.1�
�
�
Middle�
74.4�
82.0�
84.3�
91.9�
�
�
Furthest Tx�
75.6�
82.3�
84.4�
91.1�
�
�
�
�
�
�
�
�
First Floor�
All Rooms�
69.3�
75.5�
81.4�
87.6�
�
�
Nearest Tx�
68.8�
75.3�
78.5�
85.0�
�
�
Middle�
69.4�
75.5�
81.9�
88.0�
�
�
Furthest Tx�
71.3�
77.3�
81.9�
87.9�
�
�
�
�
�
�
�
�
Second Floor�
All Rooms�
68.2�
74.4�
78.8�
85.0�
�
�
Nearest Tx�
66.7�
72.9�
77.1�
83.3�
�
�
Furthest Tx�
68.5�
75.0�
77.7�
84.2�
�
�
�
�
�
�
�
�
Third Floor�
All Rooms�
70.3�
76.9�
75.8�
82.4�
�
�
Nearest Tx�
65.3�
72.6�
67.3�
74.6�
�
�
Furthest Tx�
76.6�
82.3�
77.3�
83.0�
�
�
�
�
�
�
�
�
Fourth Floor�
All Rooms�
58.8�
66.7�
63.8�
71.7�
�
�
Nearest Tx�
58.8�
66.1�
63.8�
71.1�
�
�
Furthest Tx�
58.8�
67.0�
63.8�
72.0�
�
Table � SEQ Table \* ARABIC �4�. Required field strengths at 10 metres (dB (V/m) for levels of indoor reception





For indoor coverage in a room to be classified as ‘good’ 90% of locations must be served. Therefore, the standard deviation of the field strength within a room (� REF _Ref418074725 \* MERGEFORMAT �Table 2�.) was used to calculate the field strength required to give 90% location coverage within the rooms. To achieve this a correction factor of 1.3 times the standard deviation was added. This assumes a log-normal distribution within rooms. These figures are given in the second column of � REF _Ref418312594 \* MERGEFORMAT �Table 4�.


�
Values calculated from the median building loss would only be expected to give the required level of coverage to 50% of the rooms in question. Therefore, the calculations have also been carried out using the maximum building loss measurements. These calculations give the field strength values needed to provide 50 and 90% of locations coverage in all of the rooms actually measured in this investigation. The values are very high. However, it is unreasonable to expect indoor reception at every single location in areas other than those very close to the transmitter.





Conclusions


Measurements have been made inside 33 residential buildings.


Building loss values were measured comparing median field strength in a room with the external field strength at 10 metres.


The values ranged from about 24 to 27 dB for ground floor rooms with the lowest values on the side of the building nearest to the transmitter.


Values ranged from about 20 to 22 dB for first floor rooms.


Values ranged from about 17 to 19 dB for second floor rooms. However, one room with no external windows gave a value of almost 30 dB


Rooms higher than second floor level gave lower values still. However only two such buildings were available. The measured values were 16.4 dB for the third floor flat (on the side nearest to the transmitter) and 11.6 dB for the fourth floor flat.


There is evidence, particularly in the case of the third floor flat, that indoor reception in large buildings, such as blocks of flats, can differ considerably between the front and back.


The standard deviation of the field strength within a room varied between about 3 and 5 dB. In general the value seemed to be higher for rooms on the side of the building nearest to the transmitter and also seemed to increase with floor height. 


The minimum C/N value for indoor reception varied from about 17.5 dB to 25.5 dB with a median value of 19.6 dB. Higher C/N values tended to be required on the side of the building furthest from the transmitter, on lower floors and in other locations where the signal path is obstructed�.


A field strength of about 75 dB (V/m should provide coverage to at least 50% of locations within 50% of ground floor rooms. About 81 dB (V/m should provide coverage to at least 90% of locations within these rooms.


To cover all of the ground floor rooms tested would require about 86 dB (V/m for at least 50% of locations within rooms, and 93 dB (V/m for at least 90% coverage within rooms�.


Higher floors need progressively lower field strength values. For example, for first floor rooms the calculated values in dB (V/m were 69.3, 75.5, 81.4, and 87.6 respectively for the four cases above.


A level of indoor coverage approaching 100% of locations can be achieved only in areas very close to the transmitter, particularly for ground floor rooms. However, acceptable levels of indoor coverage should be achieved in with 10 metre field strengths of around 70 dB (V/m for first floor rooms.
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� These figures correspond to the point at which picture and sound information can just be decoded and are about 2 dB lower than the quasi error-free condition normally used in laboratory tests.


� These high field strength values would only occur relatively close to the transmitter. However, coverage levels of 90% and more could still be achieved in much lower field strength areas by means of a domestic gap�filler.
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