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Abstrac— The paper discusses the need to define the concept of development of telecommunications 5G and the example of mobile communication subscriber in a mobile terminal moving on the highway at a speed of 250 km/h are discussed problems and possible variants individual technical solutions. Particular attention is paid to assessing the feasibility of the proposed solutions, which confirms the decisions of individual tasks.
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I. INTRODUCTION
In the "smart house" is born an abundance of information that, at any moment of time may be requested by the subscriber (including the mobile terminal) for surgical intervention in the mode of «on-line» to adjust the control program of the house. Extreme situations are not the only reason, which needs arise in high speed data transmission.

Solving problems with the use of distributed database, or the problem of parallel computing using multiple computers placed on any particular area have large amounts of data, high speed data transfer, etc.

Organization of "direct" channel delivery of requested information by subscribers in the mobile terminals (MT), moving with high speeds up to 250 km/h on the highway and up to 350 km/h in the express trains, in the presence of the network in 1000 ÷ 2000 MT is required distribution networks, as will be shown below, up to several tens of Gbit/s.

Today, leading technology in mobile networks is LTE (Long-Term Evolution) of the 3GPP international consortium.

LTE network is already deployed in many countries. These literature review show that German automakers has already equip their cars with LTE access points with data rate per subscriber from 23 to 70 Mbit/s, but with limited movement speed of subscribers [1-4].
Chinese mobile operator China Mobile launched TD-LTE network along railway lines of express trains. Thus, on the line Shanghai – Hangzhou 60 km long was installed 18 base stations. The network supports data transfer rate of 
15 Mbit/s at an Express speed about 300 km/h. This ensures that at this movement speed will be served just 100 subscribers, so each subscriber will receive a 150 Kbit/s [5].
Analysis has shown that a further increase of data transfer speed in mobile networks is limited by available radio bandwidth and mobility principles of subscribers using conventional handover procedures. This conclusion is based on the analysis of the following sources [1-5].

Leading experts from Deutsche Telekom, NTT DoCoMo, Amtel, Samsung, Telefonica, Vodafone, etc. immediately form their vision and technical requirements for next generation mobile communication 5G standard IMT 2020. In particular in [6] are given the following data:

Research on 5G technology began in 2012 in France with the achievement rate of over 4 GB/sec.

In 2013, in Japan had made a new step towards 5G: hardware company NTT DoCoMo has shown the ability to transfer data from a user with speeds up to 10 Gbit/s (Uplink) at a frequency of 11 GHz with 400 MHz bandwidth. Data transfer carried on the vehicle at a speed of 9 km/h.

In October 2014 the company Samsung Electronics was achieved new record for data transfer of 1.2 Gbit/s at vehicle speed of 100 km/h and 7.5 Gbit/s in stationary conditions at a frequency of 28 GHz.

In the Technical University Dresden opened a modern laboratory 5G at the department Vodafone 5G mobile communication systems. Researchers will be able to test and evaluate a wide range of technologies 5G (Enabling Technologies). These include the following: LTE, IEEE 802.20, 802.16e, 802.16a/d/e/m, Multi-gigabit Standart WiGig 60GHz, IEEE 802.11ad, IEEE 1905, Bluetooth v4.2, 6LoWPAN. Laboratory 5G includes network hardware and software, computer chips, spectrometers and services to "cloud computing" [7-11].

II. BASIC PART (PRINCIPLES OF CONSTRUCTION OF MOBILE CELLULAR WITH FREE SUBSCRIBERS ACCESS TO THE SIGNAL OF THE STATED SERVICES ON ANY BASE STATION WITHOUT HANDOVER PROCEDURE)
In the basic part of the paper presents the results of research in the following areas.

A. Radically new technical solution in a cellular mobile communication
In papers [12, 13] proposed to abandon the principle of targeted distribution (principle of the handover) of service signals from base stations to mobile terminals, replacing it with the synchronous powering of base stations at the same time with all the signals intended for all subscribers, which can be up to several thousand.

One solution could be the use of Radio-over-fiber technology (RoF) with a Remote Heterodyne Detection. Photodiode in the base station works not only as opto-electric converter, but also as a mixer.

Two lasers are radiated difference frequency in the millimeter range. Millimeter range is selected to a band of operating frequencies it would be no more than 10% of the absolute frequency of the carrier band.

PARAMETERS OF THE NEW DIRECT CHANNEL 
OF MOBILE NETWORK:
1. The velocity of the subscribers – 300 km/h.

2. The number of subscribers in the network – 2000.

3. Data transfer rate for each subscriber – 12 Mbit/s.

4. Network bandwidth – 24 Gbit/s.
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Fig. 1. Block diagram of a network of ultra-wideband direct channel

B. Network architecture requirements relating to broadband of network and it’s elements

Organization of mobile cellular with free access of subscribers to the signal at any base station with no handover procedure is possible when the following requirements related to network architecture are fulfilled.

1. Signal delivery of multimedia services should be carried out in two UWB distribution networks: I network - to the base station, II wireless network - transmits all signals of direct channel within cell base stations to all mobile terminals that have appeared in the territory of any cell of the base station.

2. Forward and reverse interrogation channels spread by different bands.

3. All signals in forward channel must be delivered to all base stations simultaneously.

4. It can be organized if distributive network will have symmetric topology.

Calculation that confirming the requirement of ultra-wideband distribution network:

· When on the highway at speed of 250 km/h the distance between vehicles is 500 meters, then on 1 km of the route may be only 4 cars (2 in different directions). In this case, the path length of 500 km will house 2000 cars (equivalent to 2000 subscribers).

· If network provides a channel with a transmission rate of multimedia services 12 Mbit/s to each subscriber, then the network (Fig. 1) must have a capacity equal to 12 Mbit/s × 2000 subscribers = 24 Gbit/s. With QAM-64 modulation (Km=6) we have ∆f = 24 Gbit/s : 6 = 4 GHz.

C. Direct channel signals distribution network
Direct channel signals distribution network has a main section of the delivery and tree, balanced in terms of delayed signal portion of the distribution network (Fig. 2).

As the main section may serve a radio relay line, satellite radio and double-beam optical fiber transmission line. One beam of this line is modulated with signals of services and the second beam is coherent to the first and differs from it in a 30-60 GHz frequency depending on which carrier frequency we choose for wireless section. He serves as a local oscillator signal to convert the two laser beams on the photodiode base station in a radio frequency signal in the millimeter wavelength range.

As for distribution tree fiber optic network with a symmetric topology, the mathematical model of its calculation are shown in the Table 1, and estimate of its asynchronous delivery of signals presented in the partition 5.

Variant of distribution network direct channel with the main plot-based satellite radio channel is shown on Fig. 2. Here NN1,2,3-Earth receiving stations of satellite radio channels. For aligning delays N2 and N3 switch on corresponding delay lines ( 
[image: image2] ). Center N4 creates a direct channel for each user of network based on signals of interrogation channel.
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Fig. 2. Example of distribution network for forward link signals.

D. Mathematical models for calculating uniform split of signals power between network base stations.

Method of calculating the number of base stations in one network branch involves setting a required power of input signal on BS1 that is equal P0.

TABLE I. THE MATHEMATICAL MODEL FOR CALCULATING THE CAPACITY OF THE OPTICAL SIGNAL AT DIFFERENT POINTS OF THE DISTRIBUTION NETWORK. POUT.OA = 2 W, PINBS1 = P0 = 50 mW, K = 1,06 [1/km], x = 1 km.
	BS number, i
	Calculated expression
	PINBsi, mW
	Ki-1ADD / Ki-1PR

	2
	P0·Kx·(K1ADD/K1PR)
	53
	1,0

	3
	P0·(Kx)2·(1/K1PR) (K2ADD/K2PR)
	61
	0,537

	4
	P0·(Kx)3·(1/K1PR·K2PR) (K3ADD/K3PR)
	63,7
	0,331

	5
	P0·(Kx)4·(1/K1PR·K2PR·K3PR) (K4ADD/K4PR)
	66,2
	0,235

	6
	P0·(Kx)5·(1/K1PR·K2PR·…·K4PR) (K5ADD/K5PR)
	67
	0,174

	7
	P0·(Kx)6·(1/K1PR·K2PR·…·K5PR) (K6ADD/K6PR)
	53
	0,109

	8
	P0·(Kx)7·(1/K1PR·K2PR·…·K6PR) (K7ADD/K7PR)
	65,1
	0,109

	9
	P0·(Kx)8·(1/K1PR·K2PR·…·K7PR) (K8ADD/K8PR)
	79
	0,109

	10
	P0·(Kx)9·(1/K1PR·K2PR·…·K8PR) (K9ADD/K9PR)
	96,4
	0,109

	11
	P0·(Kx)10·(1/K1PR·K2PR·…·K9PR) (K10ADD/K10PR)
	57,04
	0,053

	12
	P0·(Kx)11·(1/K1PR·K2PR·…·K10PR) (K11ADD/K11PR)
	66,29
	0,053

	13
	P0·(Kx)12·(1/K1PR·K2PR·…·K11PR) (K12ADD/K12PR)
	77,05
	0,053

	14
	P0·(Kx)13·(1/K1PR·K2PR·…·K12PR) (K13ADD/K13PR)
	89,53
	0,053


Here K13ADD = 0,048, then signal power level PDC13 on input DC13 equal 
PDC13 = PINBS14 / K13ADD = 89,53 / 0,048 = 1,865 W, which may be implemented via OU №20 (EAU-2000), which has a capacity at its output equal to 2,0 W.

Similarly convinced that at the input of DC14 power level is equal 2,167 W, that exceed the realizable value 2,0 W.

Therefore, in the branch can only be 13 directional couplers (or 14 base stations) and the path length of one link is equal to 28 km.

E. Asynchronous delivery of signals to the base station at the tree section of the distribution network
If Acceptable delay: 3 frames (video) standard from 30 frames per second, then acceptable delay = 100 ms.
The asymmetry of the topology by the wings is 252 km.

Asynchronism time will be:
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F. Wireless distribution network that delivering direct channel signals from the base stations to mobile terminals
As shown in the preamble bandwidth on the forward link must be equal to 24 Gbit/s, and when the modulation QAM-64 modulation factor KM = 6, then the band of operating frequencies in the forward link will be equal to ∆fdir.chan. = 4 GHz. If it is assumed that the carrier frequency of the spectrum to be 10 times higher amount of bandwidth of operating frequencies, we get f0 = 40 GHz.

For millimeter-wave by authors has been developed and published [13] the equation of energy balance on the basis of which it is possible to calculate the number of parameters of wireless access area on the track "base station - mobile terminal".

[image: image1][image: image5.png]A NEW EQUATION OF ENERGY BALANCE OF WIRELESS NETWORK
IS PRESENTED:




[image: image6.png]P‘MZ uac/2 — power of modulating laser beam, that arrives on the input of BS;

KMP®A — conversion factor of two optical beams in a millimeter wave RF signal

on the photodiode;

KA — dividing ratio of signal power to the two — horns antenna feeds on BS;

2+ A — the desired S/N ratio at the receiver input decoder on one edge of the
coverage area of one BS;

Af,, — noise band limited filter in the analog part of the receiver — decoder to ADC




G. New mathematical model in the millimeter range of calculating distance between the base station and mobile terminal (R1)
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Values of the coefficients for wireless network:
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RESULT: R1 = 387,8 [m]

From the equation  of energy balance we find:
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H. New mathematical model of covering the route by one base station in the millimeter range

Centerline of highway that are covered by one two-horn antenna is marked MN:

[image: image11.png]



Fig. 3. Diagram of the doublehorn antenna.

If we use a mathematical model №1 for calculating of radiation pattern, the value of cover the highway track by one base station:

If θ = 22,5°, then tg θ = 0,414 = B1C1/OC1;

B1D1 = 2·0,287·R1 = 222,4 [m]; R1 = 387,8 [m].
MN ≈ 0,9·2·B1D1 = 0,9·2·222,4 = 400,3 [m].

MN = 400 [m], where MN = f(θ, A, R, …).

I. The dependence of the coating of motorway route by one cell and the quality of the receiver-decoder

Pv.b.o. (SNR ≥ A) = 10-6;

MN = f(A, ∆fN, R1)

[image: image12.jpg]MN[m]
1400

1200

1000

Afw=100 Mruy
------- Afw=200 My

800

600 — = Afw=300Mruy

400

200

0 - - - - - :  Alpas]
10 20 30 40 50 60 70 80 90 100




Fig. 4. The dependence of the coating the track Autobahn on the quality of decoder A.

J. Simplified base station in direct channel scheme

A simplified base station that performs only the function of converting of two laser beams in the RF millimeter-wave signal and to cover the motorway track.
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Fig. 5. An upgraded base station comprises two elements: a photodiode and a horn antenna.

Simplification of the base station is reduced its cost by 2 orders and removed the problem of the economic feasibility of the project.

III. CONCLUSION

Development of telecommunication systems (fixed and mobile) to the requirements of 5G is conceptually possible to designate the following parameters:

1. The main technical solutions for transmission and reception-signal processing must be based on the principle of datacentrism technology OFDM, OTFDM, energy saving technology, and others.

2. Schematics and design solutions should be developed in the literal execution of the rows in the same type of element base.

3. Free access signals to any subscriber must be provided without the procedure of handover.

4. Speed of movement subscribers in mobile telecommunication to 500 km / h, and for dual use of 3000 km/hour.

5. High speed data transmission on the forward link to each subscriber of 10 Mbits/sec to 100 Mbits/sec.

6. Estimated range of frequencies up to 300 GHz.

7. Quality Indicators SNR ≥ 20 dB; 
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8. Network displacement from units N to several thousands (N × 1000) subscribers.

9. Network capacity up to 100 Gbit/s.
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