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Анализ состояния проблемы построения прототипов технологии сетевого позиционирования чет-
вертого и пятого поколений с использованием подхода модельно-ориентированного проектирова-
ния и программно-конфигурируемого радио SDR (Software-Defined Radio) по открытым зарубежным
источникам показал высокую актуальность и востребованность данного направления исследований.
В то же время в отечественных источниках данному направлению исследований и разработок уде-
ляется недостаточно внимания. Предложен облик разрабатываемого SDR демонстратора техноло-
гии сетевого позиционирования. Задачей разработки демонстратора является обоснование техниче-
ских решений по повышению точности определения местоположения устройств в современных и
перспективных сетях связи в условиях отсутствия сигналов глобальной навигационной спутниковой
системы. Целью использования SDR технологии для задач сетевого позиционирования является по-
лучение возможности совершенствования разрабатываемых технических решений в процессе их
фактической эксплуатации. Разрабатываемый демонстратор включает следующие подсистемы:
подсистема макетов базовых станций eNB с известными координатами, реализующих формирова-
ние и передачу опорных сигналов стандарта LTE; макет пользовательского устройства UE, реализу-
ющий прием и обработку опорных сигналов стандарта LTE, а также первичную обработку измере-
ний по опорным сигналам стандарта LTE; подсистема синхронизации макетов базовых станций eNB,
реализующая раздачу сигнала временной метки; подсистема управления SDR демонстратором, реа-
лизующая управление процедурами сбора первичных измерений сетевого позиционирования и их
вторичную обработку с результирующей оценкой координат пользовательского устройства UE. Так-
же в настоящей статье приводится описание результатов программно-аппаратной реализации и экс-
периментальной апробации формирователя опорных сигналов стандарта LTE на SDR устройствах
USRP в среде Matlab. Процедура формирования опорных сигналов однозначно определяется иден-
тификатором соты, а сам формирователь является составной частью разрабатываемого макета SDR
технологии сетевого позиционирования. Экспериментальная апробация формирователя опорных
сигналов в лабораторных условиях с использованием средств объективного контроля показала кор-
ректное определение идентификатора группы и идентификатора соты внутри группы, которые од-
нозначно определяют предварительно установленный идентификатор соты.
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 CRS 

.

 1. 
function c = gen_gold(M_pn, c_init)
N_c = 1600;
x_1 = zeros(N_c + M_pn + 31, 1);
x_2 = zeros(N_c + M_pn + 31, 1);
x_1(1) = 1;
for i=1:31

x_2(i) = mod(bitshift(c_init, (i 1)), 2);
end
for i=1:(N_c+M_pn)

x_1(i+31) = mod(x_1(i+3) + x_1(i), 2);
x_2(i+31) = mod(x_2(i+3) + x_2(i+2) + x_2(i+1) +

x_2(i), 2);
end
c = zeros(M_pn, 1);
for i=1:M_pn

c(i) = mod(x_1(i+N_c) + x_2(i+N_c), 2);
end
end
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enbParam

enbParam sfrm

 2. 
 CRS 

function [ind_s0, ind_s1] = get_crs_indices(enbParam)
Nidcell = enbParam.CellID; % ID (Cell ID)
Nrbdl = enbParam.NRBDL; % RB (resource block)

downlink
Nrbsc = enbParam.NRBSC; %

RB
Nsymbdl = enbParam.NSYMBDL; %
L_crs = [0, Nsymbdl 3];
v = [0, 3]; m_crs = (0:2*Nrbdl 1).';
k_crs_s0 = 6*m_crs + mod(v + mod(Nidcell, 6), 6) + 1;
ind_s0 = k_crs_s0 + L_crs*Nrbdl*Nrbsc;
ind_s1 = ind_s0 + Nsymbdl*Nrbdl*Nrbsc;
ind_s0 = ind_s0(:); ind_s1 = ind_s1(:);
end

 3.  CRS -

function ap_crs = get_crs(enbParam, sfrm)
Nidcell = enbParam.CellID; % ID (Cell ID)
Nrbdl = enbParam.NRBDL; % RB (resource block)

downlink
Nsymbdl = enbParam.NSYMBDL; %
Nrbmaxdl = 110; % RB LTE
M_pn = 4*Nrbmaxdl; %

if (Nsymbdl == 7)

Ncp = 1;
else

Ncp = 0;
end
L_crs = [0, Nsymbdl 3];
m_crs = 0:2*Nrbdl 1;
Ncrs_symb = length(L_crs);
m_crs_s = length(m_crs);
nSfrm = length(sfrm);
ap_crs = zeros(Ncrs_symb*m_crs_s*2, nSfrm);
for n=1:nSfrm

ns = [0; 1] + (sfrm(n))*2;
c_init = 2^10*(7*(ns + 1) + L_crs + 1)*(2*Nidcell+1)

+ 2*Nidcell + Ncp;
for i=1:2

for j=1:Ncrs_symb
c = gen_gold(M_pn, c_init(i, j));
r = 1/sqrt(2)*((1 2*c(1:2:end)) + 1i*(1

2*c(2:2:end)));
ap_crs(bi2de([j i] 1)*m_crs_s + m_crs+1, n)

= ...
r(m_crs + Nrbmaxdl Nrbdl + 1);

end
end

end
end

 PRS 

.
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enbParam

enbParam sfrm

 4. 
 PRS 

function [ind_s0, ind_s1, sbfrm0_ind, sbfrm5_ind] =
get_prs_indices(enbParam)

Nidprs = enbParam.PrsID; % ID PRS (
ID )

Nrbdl = enbParam.NRBDL; % RB (resource block)
downlink

Nrbprs = enbParam.NRBPRS; % RB PRS
Nrbsc = enbParam.NRBSC; %

RB
Nsymbdl = enbParam.NSYMBDL; %
vshift = mod(Nidprs, 6);
m_prs = (0:2*Nrbprs 1).';
L_prs_s0 = [3, 5, 6];
k_prs_s0 = 6*(m_prs+Nrbdl Nrbprs) + mod(6 L_prs_s0 +

vshift,6) + 1;
ind_s0 = k_prs_s0 + L_prs_s0*Nrbdl*Nrbsc;
L_prs_s1 = [1, 2, 3, 5, 6];
k_prs_s1 = 6*(m_prs+Nrbdl Nrbprs) + mod(6 L_prs_s1 +

vshift,6) + 1;
ind_s1 = k_prs_s1 + L_prs_s1*Nrbdl*Nrbsc +

Nsymbdl*Nrbdl*Nrbsc;
ind_s0 = ind_s0(:);
ind_s1 = ind_s1(:);
% PRS RG (

RE,
% )
[~, pos_s0, ~] = setxor(ind_s0, [get_pss_indi

ces(enbParam), ...
get_sss_indices(enbParam)]);

% RE PBCH
(TS 36.211 6.6.4)

k_pbch = Nrbdl*Nrbsc/2 36 + (0:71) + 1;
ind_pbch_s0_3 = k_pbch + (0:3).'*Nrbdl*Nrbsc +

Nsymbdl*Nrbdl*Nrbsc;
[~, pos_s1, ~] = setxor(ind_s1, ind_pbch_s0_3(:));
sbfrm0_ind = [pos_s0; pos_s1 + length(L_prs_s0)*2*Nrb

prs];
sbfrm5_ind = [pos_s0; (1:length(ind_s1)).' +

length(L_prs_s0)*2*Nrbprs];
end

 5.  PRS -

function ap_prs = get_prs(enbParam, sfrm)
Nidprs = enbParam.PrsID; % ID PRS (

ID )
Nrbdl = enbParam.NRBDL; % RB (resource block)

downlink
Nrbprs = enbParam.NRBPRS; % RB PRS
Nsymbdl = enbParam.NSYMBDL; %
%
Nrbmaxdl = 110; % RB LTE
M_pn = 4*Nrbmaxdl; %

l_symb = 0:Nsymbdl; % LTE
CP

if (Nsymbdl == 7)
Ncp = 1;

else
Ncp = 0;

end
L_prs_s0 = [3, 5, 6];
L_prs_s1 = [1, 2, 3, 5, 6];
m_prs = 0:2*Nrbprs 1;
m_prs_s = length(m_prs);
nSfrm = length(sfrm);
Nprs_symb_s0 = length(L_prs_s0);
Nprs_symb_s1 = length(L_prs_s1);
Nprs_symb = Nprs_symb_s0 + Nprs_symb_s1;
ap_prs = zeros(Nprs_symb*m_prs_s, nSfrm);
for n=1:nSfrm

ns = [0; 1] + (sfrm(n))*2;
c_init = 2^28*floor(Nidprs/512) + ...

2^10*(7*(ns + 1) + l_symb + 1)*(2*mod(Nidprs,
512)+1) + ...

2*mod(Nidprs, 512) + Ncp;
for i=1:2

if (i == 1)
L_prs = L_prs_s0 + 1;

else
L_prs = L_prs_s1 + 1;

end
for j=1:length(L_prs)

c = gen_gold(M_pn, c_init(i, L_prs(j)));
r = 1/sqrt(2)*((1 2*c(1:2:end)) + 1i*(1

2*c(2:2:end)));
ap_prs((i 1)*Nprs_symb_s0*m_prs_s + (j

1)*m_prs_s + m_prs+1, n) = ...
r(m_prs + Nrbmaxdl Nrbprs + 1);

end
end

end
end

 PSS 
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6

enbParam

cellID

 6. 
 PSS

function ind = get_pss_indices(enbParam)
Nrbdl = enbParam.NRBDL; % RB (resource block)

downlink
Nrbsc = enbParam.NRBSC; % RB
Nsymbdl = enbParam.NSYMBDL; %
L_pss = Nsymbdl 1;
m_pss = 0:61;
k_pss_s0_s10 = m_pss 31 + Nrbdl*Nrbsc/2 + 1;
ind = k_pss_s0_s10 + L_pss*Nrbdl*Nrbsc;
end

 7.  PSS -

function pss = get_pss(cellID)
[~, Nid_2] = get_group_ids(cellID);
switch (Nid_2)

case 0
u = 25;

case 1
u = 29;

case 2
u = 34;

end
pss = [exp( 1i*pi*u.*(0:30).*(1:31)/63), exp(

1i*pi*u.*(32:62).*(33:63)/63)];
end

 SSS 



T-Comm Vol.16. #5-2022 39

ИНФОРМАТИКА

m

m

m



T-Comm Tом 16. #5-2022
40

ИНФОРМАТИКА

enbParam

cellID

 8. 
 SSS 

function ind = get_sss_indices(enbParam)
Nrbdl = enbParam.NRBDL; % RB (resource block)

downlink
Nrbsc = enbParam.NRBSC; % RB
Nsymbdl = enbParam.NSYMBDL; %
L_sss = Nsymbdl 2;
m_sss = 0:61;
k_sss_s0_s10 = m_sss 31 + Nrbdl*Nrbsc/2 + 1;
ind = k_sss_s0_s10 + L_sss*Nrbdl*Nrbsc;
end

 9.  SSS -

function [sss_s0, sss_s10] = get_sss(cellID)
[Nid_1, Nid_2] = get_group_ids(cellID);
m_sss = 0:30;
q_ = floor(Nid_1/30);
q = floor((Nid_1 + q_*(q_ + 1)/2)/30);
m_ = Nid_1 + q*(q + 1)/2;
m0 = mod(m_, 31);
m1 = mod(m0 + floor(m_/31) + 1, 31);
x = zeros(1, 31);
x(5) = 1;
for i=1:26

x(i+5) = mod(x(i+2) + x(i), 2);
end
s = 1 2*x;
s0 = s(mod(m_sss + m0, 31) + 1);
s1 = s(mod(m_sss + m1, 31) + 1);
x = zeros(1, 31);
x(5) = 1;
for i=1:26

x(i+5) = mod(x(i+3) + x(i), 2);
end
c = 1 2*x;
c0 = c(mod(m_sss + Nid_2, 31) + 1);
c1 = c(mod(m_sss + Nid_2 + 3, 31) + 1);
x = zeros(1, 31);
x(5) = 1;
for i=1:26

x(i+5) = mod(x(i+4) + x(i+2) + x(i+1) + x(i), 2);
end
z = 1 2*x;
z0 = z(mod(m_sss + mod(m0, 8), 31) + 1);
z1 = z(mod(m_sss + mod(m1, 8), 31) + 1);
sss_s0 = zeros(1, 62);
sss_s0(1:2:end) = s0.*c0;
sss_s0(2:2:end) = s1.*c1.*z0;
sss_s10 = zeros(1, 62);
sss_s10(1:2:end) = s1.*c0;
sss_s10(2:2:end) = s0.*c1.*z1;
end

 10. -

function frame_grid = generate_LTE_PRS_frame(enbParam)
% LTE

PRS
Nidcell = enbParam.CellID; % ID (Cell ID)
Nrbdl = enbParam.NRBDL; % RB (resource block)

downlink
Nrbsc = enbParam.NRBSC; %

RB
Nsymbdl = enbParam.NSYMBDL; %
% (Subframe Resource Grid

SRG)
sbframe_grid = zeros(Nrbdl*Nrbsc, Nsymbdl*2);
% (Frame Resource Grid RG)
frame_grid = repmat({sbframe_grid}, 1, 10);
% PSS (TS 36.211 6.11.1)
% RE

PSS (6.11.1.2)
ind_pss_s0_s10 = get_pss_indices(enbParam);
% PSS (6.11.1.1)
d_pss = get_pss(Nidcell);
ap_pss = d_pss;
% PSS RG
sbframe_grid_0 = frame_grid{1};
sbframe_grid_0(ind_pss_s0_s10) = ap_pss;
sbframe_grid_5 = frame_grid{6};
sbframe_grid_5(ind_pss_s0_s10) = ap_pss;
frame_grid{1} = sbframe_grid_0;
frame_grid{6} = sbframe_grid_5;
% SSS (TS 36.211 6.11.2)
% RE
SSS (6.11.2.2)

ind_sss_s0_s10 = get_sss_indices(enbParam);
% SSS (6.11.2.1)
[d_sss_s0, d_sss_s10] = get_sss(Nidcell);
ap_sss_s0 = d_sss_s0; ap_sss_s10 = d_sss_s10;
% SSS RG
sbframe_grid_0 = frame_grid{1};
sbframe_grid_0(ind_sss_s0_s10) = ap_sss_s0;
sbframe_grid_5 = frame_grid{6};
sbframe_grid_5(ind_sss_s0_s10) = ap_sss_s10;
frame_grid{1} = sbframe_grid_0;
frame_grid{6} = sbframe_grid_5;
% CRS (TS 36.211 6.10.1)
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% RE
CRS (6.10.1.2)

[ind_crs_s0, ind_crs_s1] = get_crs_indices(enbParam);
% CRS (6.10.1.1)
for nSfrm=1:10

ap_crs = get_crs(enbParam, nSfrm 1);
% CRS RG
sbframe_grid_n = frame_grid{nSfrm};
sbframe_grid_n([ind_crs_s0; ind_crs_s1]) = ap_crs;
frame_grid{nSfrm} = sbframe_grid_n;

end
% PRS (TS 36.211 6.10.4)
% RE
PRS (6.10.4.2)

[ind_prs_s0, ind_prs_s1, sbfrm0_ind, sbfrm5_ind] =
get_prs_indices(enbParam);

% PRS (6.10.4.1)
for nSfrm=1:10

ap_prs = get_prs(enbParam, nSfrm 1);
% PRS RG (

RE,
% )
ind_prs = [ind_prs_s0; ind_prs_s1];
if (nSfrm == 1)

ap_prs = ap_prs(sbfrm0_ind);
ind_prs = ind_prs(sbfrm0_ind);

elseif (nSfrm == 6)
ap_prs = ap_prs(sbfrm5_ind);
ind_prs = ind_prs(sbfrm5_ind);

end
sbframe_grid_n = frame_grid{nSfrm};
sbframe_grid_n(ind_prs) = ap_prs; frame_grid{nSfrm}

= sbframe_grid_n;
end
frame_grid = [frame_grid{:}];
end

 OFDM 
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 11.  OFDM 

function ofdmFrmSig = modulate_LTE_ofdm(frame_grid,
enbParam)

% OFDM LTE (TS
36.211 6.12)

% OFDM 1.4
cpLen0 = 10;
cpLen = 9;
Nfft = 128;
Nrbdl = enbParam.NRBDL;
Nrbsc = enbParam.NRBSC;
Nsymbdl = enbParam.NSYMBDL;
Nsubfrm = size(frame_grid, 2)/Nsymbdl/2;
Nsc = Nrbsc*Nrbdl;
firstSC = (Nfft Nsc)/2 + 1;
samplesPerSubframe = 2*(cpLen0 + cpLen*6 +

Nfft*Nsymbdl);
ofdmFrmSig = zeros(Nsubfrm*samplesPerSubframe, 1);
pos = 0;
for i = 1:Nsubfrm*Nsymbdl*2

ifftin = zeros(Nfft, 1);
ifftin(firstSC+(0:Nsc/2 1)) = frame_grid(1:Nsc/2, i);
ifftin(firstSC+Nsc/2+1+(0:Nsc/2 1)) =

frame_grid(Nsc/2+1:end, i);
iffout = ifft(fftshift(ifftin, 1));
if (mod(i 1, Nsymbdl) == 0)

iffoutCP = [iffout(end cpLen0+1:end,:); iffout];
L = cpLen0 + Nfft;
ofdmFrmSig(pos+(1:L),:) = iffoutCP;
pos = pos + cpLen0 + Nfft;

else
iffoutCP = [iffout(end cpLen+1:end,:); iffout];
L = cpLen + Nfft;
ofdmFrmSig(pos+(1:L),:) = iffoutCP;
pos = pos + cpLen + Nfft;

end
end
end

 OFDM 

 12. -
 SDR 

enbParam.CellID = 241; % ID (Cell ID)
0 503

enbParam.PrsID = enbParam.CellID; % ID PRS
( CellID)

enbParam.NRBDL = 6; % RB (resource
block) downlink

enbParam.NRBPRS = 3; % RB
PRS

enbParam.NRBSC = 12; %
RB

%enbParam.NSYMBDL = 7;
enbParam.Nfft = 128;
enbParam.Position = 1.2e3;

% FFT
% eNB UE

enbParam.SamplingRate = 1.92e6; %
enbParam.SampPerSymb = 4;
usrpCenterFreq = 2.44e9; % ,
usrpGain = 50; % ,
% lte PRS

frame_grid = generate_LTE_PRS_frame(enbParam);
ssInd = [enbParam.NRBDL*enbParam.NRBSC*5 + (1:72*2), ...

enbParam.NRBDL*enbParam.NRBSC*75 + (1:72*2)].';
% ,

PSS SSS
emptySubcarrier = (frame_grid == 0);
emptySubcarrier(ssInd) = 0;
data = 0.5/sqrt(2)*(2*(rand(size(emptySubcarrier)) >

0.5) 1 + ...
1i*(2*(rand(size(emptySubcarrier)) >

0.5) 1));
frame_grid(emptySubcarrier) = data(emptySubcarrier);
% RE OFDM , iFFT
prs_frame_sig = modulate_LTE_ofdm(frame_grid, enbParam);

connectedRadios = findsdru;
radio = comm.SDRuTransmitter();
switch (connectedRadios.Platform)

case 'B210'
radio.Platform = connectedRadios.Platform;
radio.SerialNum = connectedRadios.SerialNum;

case'N200/N210/USRP2'
% N210
enbParam.SamplingRate = 2e6;
% . N210
enbParam.SampPerSymb = 50;
radio.IPAddress = connectedRadios.IPAddress;

case 'X310'
% . X310
enbParam.SampPerSymb = 96;
radio.IPAddress = connectedRadios.IPAddress;

otherwise
error(' : USRP');

end
fprintf(' %s\n', connectedRadios.Platform);
radio.Platform = connectedRadios.Platform;
radio.MasterClockRate = enbParam.Sam

plingRate*enbParam.SampPerSymb;
radio.InterpolationFactor = enbParam.SampPerSymb;
radio.CenterFrequency = usrpCenterFreq;
radio.Gain = usrpGain;
prs_frame_sig =

prs_frame_sig/max(abs(prs_frame_sig(:)));
disp(' '); tic;
numFrmTx = 4000;
currentFrm = 0;
while currentFrm < numFrmTx %

bufferUnderflow = step(radio,prs_frame_sig);
if bufferUnderflow~=0

warning(' ')
end
currentFrm = currentFrm + 1;
fprintf(' #%i/%i ...\n', currentFrm, numFrmTx)

end
release(radio);
disp(' '); toc;
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enbParam.PrsID

enbParam.CellID
enbParam.NRBDL
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enbParam.NRBSC
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enbParam.Nfft
enbParam.SamplingRate
enbParam.SampPerSymb

enbParam.CellID
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Abstract
An analysis of the state of the problem of building prototypes of fourth and fifth generation network positioning technology, using the approach of
model-based design and software-defined radio SDR (Software-Defined Radio) according to open foreign sources showed the high actuality and rele-
vance of this direction. At the same time, insufficient attention is paid to this area of research and development in native sources. This paper proposes
the layout of the developed SDR demonstrator of network positioning technology. The task of developing the demonstrator is to substantiate techni-
cal solutions to improve the accuracy of determining the location of devices in modern and future communication networks in the absence of signals
from the global navigation satellite system. The purpose of using SDR technology for network positioning tasks is to get the opportunity to improve the
developed technical solutions in the process of their actual operation. Developed demonstrator includes the following subsystems: a subsystem of eNB
base station prototype with known coordinates that implements the generation and transmission of reference signals of the LTE standard; prototype of
the user equipment UE, which implements the reception and processing of the reference signals of the LTE standard, as well as the primary processing
of measurements using the reference signals of the LTE standard; eNB base station prototype synchronization subsystem, which implements the distri-
bution of a timestamp signal; the SDR demonstrator control subsystem, which implements the control of the procedures for collecting primary meas-
urements of network positioning and their secondary processing with the resulting estimate of the coordinates of the user equipment UE. Also, this
article describes the results of software-hardware implementation and experimental testing of the LTE reference signal generator on USRP SDR devices
in Matlab environment. The procedure for generating reference signals is uniquely determined by the cell identifier, and the generator itself is an inte-
gral part of the layout of the SDR network positioning technology being developed. Experimental testing of the reference signal generator in laborato-
ry conditions using objective control tools showed correct determination of the group identificator and cell identificator within group, which uniquely
determine initialized cell identifier. 

Keywords: 4G, LTE, PSS, SSS, CRS, PRS, SDR, positioning.
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