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	Summary:
	In this document, the estimation of potentially available frequency resource for cognitive devices in Russian Federation is carried out.  The estimation was carried out only for "white spaces"in broadcasting service without using spectrum by other services, for instance ARNS.

	Proposal:
	To include this material in Annex 5 “Case studies on white space spectrum availability” of Complementary Report to ECC Report 159 on further definition of technical and operational requirements for the operation of white space devices in the band 470-790 MHz.

	Background:
	In Russian Federation the frequency band 470-790 MHz is used extensively for broadcasting service. Also ARNS operates in this frequency band. The implementation of cognitive systems shall not restrict the development and future usage of these services. Therefore the perspective of using cognitive systems will depend on the available for them frequency spectrum ("white spaces") and on the acceptable technical parameters of these cognitive systems which ensure compatibility with the services using the frequency band 470-790 MHz at present.
It is noted, that regulation of cognitive systems at the national level may differ from the methods, presented in ECC Report 159 and in Complementary Reports, depending on the purpose of Administration on protection of operating services.


1. Introduction
The frequency band 470-790 MHz is widely used by the broadcasting service and is the main frequency resource for the implementation and development of digital terrestrial broadcasting in the Russian Federation.
The strategy of the transition to digital broadcasting provides simultaneous broadcasting in digital and analog standards until the level of users equipment reaches the necessary amount. Using of the analog broadcasting in the border area is carried out in accordance with Agreement Geneva-06, according to which the end of the transitional period will be in 2015. Term of switching off analog broadcasting in the inside areas can be selected based on specific situations.

The frequency band 470-790 MHz is also used in the Russian Federation by ARNS systems, cable broadcasting systems and auxiliary systems of broadcasting (SAB/SAP).

The implementation of cognitive systems shall not restrict the development and future usage of the incumbent services in the frequency band 470-790 MHz. Thus, perspectives for the development of cognitive systems in the 470-790 MHz will depend on the presence of available frequency spectrum and on the range of allowable technical parameters of the cognitive systems which provide compatibility with incumbent services.

An assessment of the available frequency spectrum «white spaces» in the Russian Federation within digital TV terrestrial broadcasting is provided below. Furthermore, it should be taken into account, that in fact an amount of available spectrum for cognitive systems will be restricted by ARNS systems, auxiliary systems of broadcasting (SAB/SAP), cable broadcasting systems and, in some instances, by analog TV broadcasting stations. 
Regulation of cognitive systems at the national level can differs from methods presented in ECC Report 159 and in an additional Report depending on the goals to ensure the necessary level of protection of existing services.

2. Methodology 
In this contribution the simultaneous use of 470-694 MHz by broadcasting service and cognitive devices is considered.
Two types of cognitive devices were considered: base station with fixed location and user equipment. 
The estimation of possibility to use cognitive devices was carried out by determination of minimum separation distance between cognitive device and edge of service area of television station.
Minimum separation distances were determined based on calculation of the interference signal field strength on the formula from Annex 13 of document 6A/619-E (WG 6A ITU-R):
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is the standard deviation of the shadowing between the interfering transmitter and the broadcast receiver,

I/N- 
interference/noise ratio, described in ITU-R BT.1895 (dB),
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is the broadcast receiver antenna directivity discrimination with respect to the interfering signal (dB),
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is the broadcast receiver polarisation discrimination with respect to the interfering signal (dB),
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is the appropriate broadcasting protection ratio for a frequency offset 
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 to protect the broadcast reception from interference (dB),
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is the co-channel protection ratio (dB).

For the WSD devices the pessimistic scenario was considered when the the effective height due to the terrestrial irregularity is 50 m for user equipment and is 70 m for base station and there is line of sight between cognitive user equipment and TV receiver.
As protection ratios for DVB-T systems interfered by cognitive systems there were used protection ratios for DVB-T interfered by LTE system from Recommendation ITU-R BT.1368, particularly the protection ratios for 90% of DVB-T receivers and partial traffic loading of LTE devices.
Used protection ratios are presented in Table 1.

Table 1. Protection ratios DVB-T interfered by cognitive devices used in calculation 
	
	Protection ratios DVB-T interfered by WSD, dB

	Frequency offset, MHz
	User equipment 

(TE UE)
	Base station 

(LTE BS)

	0
	19
	19

	1
	-12
	−20.5

	9
	-32
	−21.5

	18
	-35
	−24.5

	27
	-36
	−28.5

	36
	-37
	−32

	45
	-38
	−35

	54
	-40
	−37

	63
	-37
	−38.5

	72
	-33
	-39


	

	


The separation distances were calculated using ITU-R P.1546.
During the study the conclusion of possibility to use the devices with the specified power and in the specified territory was made on the basis of calculated separation distances.

3. Estimation of available spectrum
Some conclusions may be done according to the frequency distribution in Russian Federation in the band 470-862 MHz and to development plan of broadcasting services.
The use of 790-862 MHz band by WSD devices is inappropriate. This is associated with the plan of Russian Federation to develop land mobile service in this band. In case of local use of land mobile service (for instance, only in the cities) there is the possibility to use the frequency channels occupied by land mobile service systems in the underpopulated areas by WSD devices. However, in the 790-862 MHz band it is planned to use the IMT system, which will be used throughout the Russian Federation. So for WSD devices there will not be "white spaces" in 790-862 MHz band and there is no sense to allocate this band for the work of these devices.
Taking into account decisions of WRC-12 and future decisions of WRC-15 about possible usage of 694-790 MHz band for IMT system, in the frequency band used by IMT systems there will not be "white spaces", so WSD devices will not operate properly in this frequency band.
The band 598-622 MHz (37, 38, 39 frequency channels) should be excluded from the usage by WSD devices. It is connected with the fact that radioastronomical observatories which using 608-614 MHz band should be protected surely from unintentional interference of WSD devices.
Taking into account the statements above, the assumption has been made that more possible cognitive system parameters will be as the following:
Frequency band: 470-694 MHz;
Duplex type: TDD;
Maximum EIRP for base station: 4 W;

Maximum EIRP for portable/personal stations: 100 mW;

According to these parameters, for cognitive devices the separation distances were calculated which not allow the interference and overloading of TV receivers. The separation distances are presented in Table 2 and 3.

Table 2. The separation distances (maximum ERP)

	 
	LTE UE, 23 dBm and 50 m
	 
	 
	 
	 
	LTE BS, 46 dBm and 70 m
	 
	 
	 
	 

	Frequency offset, MHz
	PR, dB
	Eintmax, dBµV/m
	Rpr, km
	Oth, dBm
	Eintmax, dBµV/m
	Roth, km
	PR, dB
	Eintmax, dBµV/m
	Rpr, km
	Oth, dBm
	Eintmax, dBµV/m
	Roth, km

	0
	19
	8.8
	30
	-
	-
	-
	19
	8.8
	118.7
	-
	-
	-

	1
	-12
	39.8
	4.8
	-23
	98.5
	0.037
	−20.5
	48.3
	14.1
	−40.8
	80.7
	4.1

	9
	-32
	59.8
	1.1
	-46
	75.5
	0.53
	−21.5
	49.3
	13.3
	−35.5
	86
	2.2

	18
	-35
	62.8
	0.86
	-47
	74.5
	0.59
	−24.5
	52.3
	11.1
	−39
	82.5
	3.3

	27
	-36
	63.8
	0.79
	-44
	77.5
	0.42
	−28.5
	56.3
	8.7
	−32.5
	89
	1.6

	36
	-37
	64.8
	0.73
	-43
	78.5
	0.375
	−32
	59.8
	6.9
	−31.5
	90
	1.4

	45
	-38
	65.8
	0.68
	-41
	80.5
	0.295
	−35
	62.8
	5.6
	−29
	92.5
	1.2

	54
	-40
	67.8
	0.58
	-39
	82.5
	0.235
	−37
	64.8
	4.9
	−28
	93.5
	0.94

	63
	-37
	64.8
	0.73
	-35
	86.5
	0.149
	−38.5
	66.3
	4.4
	−26
	95.5
	0.74

	72
	-33
	60.8
	1
	-32
	89.5
	0.105
	-39
	66.8
	4.2
	−25
	96.5
	0.66


Table 3. The separation distances (reduced ERP)
	 
	LTE UE, 0 dBm and 50 m
	 
	 
	 
	 
	LTE BS, 16 dBm and 70 m
	 
	 
	 
	 

	Frequency offset, MHz
	PR, dB
	Eintmax, dBµV/m
	Rpr, km
	Oth, dBm
	Eintmax, dBµV/m
	Roth, km
	PR, dB
	Eintmax, dBµV/m
	Rpr, km
	Oth, dBm
	Eintmax, dBµV/m
	Roth, km

	0
	19
	8.8
	8.2
	-
	-
	-
	19
	8.8
	23.7
	-
	-
	-

	1
	-12
	39.8
	0.86
	-23
	98.5
	0.003
	−20.5
	48.3
	1.7
	−40.8
	80.7
	0.13

	9
	-32
	59.8
	0.18
	-46
	75.5
	0.037
	−21.5
	49.3
	1.6
	−35.5
	86
	0.07

	18
	-35
	62.8
	0.14
	-47
	74.5
	0.043
	−24.5
	52.3
	1.3
	−39
	82.5
	0.1

	27
	-36
	63.8
	0.13
	-44
	77.5
	0.029
	−28.5
	56.3
	0.91
	−32.5
	89
	0.05

	36
	-37
	64.8
	0.12
	-43
	78.5
	0.027
	−32
	59.8
	0.68
	−31.5
	90
	0.045

	45
	-38
	65.8
	0.11
	-41
	80.5
	0.021
	−35
	62.8
	0.53
	−29
	92.5
	0.033

	54
	-40
	67.8
	0.09
	-39
	82.5
	0.017
	−37
	64.8
	0.45
	−28
	93.5
	0.03

	63
	-37
	64.8
	0.12
	-35
	86.5
	0.01
	−38.5
	66.3
	0.40
	−26
	95.5
	0.023

	72
	-33
	60.8
	0.16
	-32
	89.5
	0.007
	-39
	66.8
	0.38
	−25
	96.5
	0.021


The maps of available frequency spectrum were calculated for the north-west region of Russian Federation (see Picture 1 and Picture 2). Low density of TV stations is typical for this region.  The results of this calculation are on the Figure 1.
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Picture 1. Example of the map of frequency resource availability for maximum ERP (Arkhangelsk region). 
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Picture 2. Example of the map of frequency resource availability for reduced ERP 
(Arkhangelsk region). 
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Figure1. Estimation of available frequency spectrum (Arkhangelsk region).
For comparison the map of available frequency spectrum was calculated for Moscow region (see Picture 3), where TV stations density is high.   As we can see from this picture, there are almost no free channels. 
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Picture 3. Example of the map of frequency resource availability for reduced ERP 

(Moscow region). 

4. Conclusions.
Since for cognitive devices at present there is number of different standards which allow different variants of technical parameters of those devices, then for provided possible interference estimation the LTE standard was used as a standard which covers the widest range of mobile devices.
The evaluation criteria for compatibility of cognitive devices, implemented on the principles of LTE, show that there are a lot of limitations in adjacent channels  (channels n+1, …, n+8).

The reduction of the power has not led to significant improvement of the situation with available spectrum because even for reduced ERP of WSD device the minimal separation distance is more than 380 meters. And there is no regulatory mechanism to ensure that WSD device would be farther than 380 meters to any TV receiver antenna to avoid harmful interference.

Carried out calculations showed that amount of available frequency spectrum for possible deployment of cognitive devices (LTE type) changes depending on regions where cognitive service device is located.
In the most regions with developed TV broadcasting network the amount of available frequency spectrum is rather restricted. So the usage of considered cognitive devices will be possible in the areas where amount of frequency channels occupied by TV broadcasting is not high (in the most cases, remote rural areas).

It is reasonable to consider other variants of technical implementation of cognitive devices for which possible to achieve better compatibility with the terrestrial broadcasting device. For those cognitive devices it is necessary clearly to determine technical parameters ensuring tight control of these devices at the hardware level within the accepted deployment scenario. If the cognitive devices corresponding above mentioned requirements will be developed, the cognitive systems would have better prospects for the deployment in television broadcasting bands than it showed in the presented example.
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