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RusSeni signalt DVB-T/T2 signaly siti LTE

a) Ruseni signalem mimo pfijimany kanal (,rusivé ovlivhovani®)
b) Ruseni signalem v pasmu pfijimaného kanalu

Ad a) Prebuzeni aktivnich prvku v prijimacim retézci.
Prebuzeni zpusobuije:

> snizeni odstupu C/N(l)
- tvorbou intermodulacnich produktu
- ,vnitfni® im produkty
- im produkty mezi signaly ve spektru

» blokovani
- snizeni zisku
- kfizova modulace (parazitni AM)



Mé&feni linearity SPZ Terra 010
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Vytvoreni ,vnitfnich® intermodulacnich produktu

*RBW 100 kH=z
*VBW 300 kH=z

Ref 90 dBuvV *act 10 dB *SWT 1 s
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Rekombinace im produktd mezi nosnymi signalu OFDM



Vytvoreni intermodulacnich produktu signalt LTE a GSM

*RBW 100 kH=z
VBW 1 MH=z

Ref 90 dBuv *Att 10 dB *SWT 200 ms
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Tvorba im produktd mezi signaly GSM 900 a LTE 800



Vytvoreni intermodulaénich produktu a blokovani

*RBW 100 kHz
VBW 1 MH=z
Ref 65 dBpVv *Att 10 dB *SWT 200 ms

65

60

=55 A

, . \
Mira blokovani \\,1
50

3DB

10

5
Center 538 MHz 10 MHz/ Span 100 MHz

k23 -29 - LTE bezfiltru /LTE s filtrem



RusSeni signalu DVB-T/T2 signaly siti LTE:

Ad b) Vyzarovanim nezadoucich emisi BTS LTE do pasma
DVB-T/T2

- pozadavky na maximalni hodnotu e.i.r.p. v pasmu kanalu
DVB-T/T2 (8 MHz):

eirp.max= 0dBm@8MHz pasmo 800 MHz
-23 dBm@38MHZz 700 MHz

Praktické problémy vznikaji pouze u k60, Ize resSit filtrem
(zadrz pro pasmo k60)



Nezadouci vyzarovani BTS LTE 800 MHz — mereni BEM
®

Ref 35 dBnm Rt 20 dB ¥SHT 500 ms
2
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1 RM

VIEW 0

40 3B
= |
Center 190.5 Hiz 2 s 10 Mz

nte 1790.5 MH 1 MH pan 0 i
Tx Channel
Bandwidth 1 MHz Power -20.61 dBnm

Vykon signalt v ochranném intervalu 790-791 MHz (-20,6 dBm)

*RBUW 30 kHz arker 1 T
VBW 300 kHz -30.25 dBm
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Vykon signalt v pasmu -5,0 az 0,0 MHz od spodni hrany bloku (-15,3 dBm)



Ch: --- RF 786.000000 MHz DVB-T/H 8 MHz

*Att 0dB *RBW 30 kHz  Marker 1 [T3 ]
TG -10 dBm VBW 300 kHz -2.73 dB

EXpLV|-3800dBm Ref -10 dBm *Att 20 dB *SWT 1 s 791.000000000 MHz
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Pribéh MER vs nosné OFDM v k60 Utlumova charakteristika filtru
Ruseni emisemi BTS LTE na vystupu Tx BTS LTE




Rozdil mezi systemy DVB-T a DVB-T2 z hlediska ruseni signaly LTE

Z hlediska rozdilu v EMC systému DVB-T a T2 vs. LTE nas zajima:

- Pozadavky na odstup C/N, C/N+I)

- Citlivost TV pfijimacua (STB)

- Ochranné poméry a prah prebuzeni u TV pfijimacu (STB)
- Minimalni intenzita elmag. pole pro deklarované pokryti



Pozadavky na odstup C/N a minimalni citlivost pfijimacu DVB-T2

kédovy Gaussovsky kanal | Gaussovsky kanal kédovy Gaussovsky kanal Gaussovsky kanal
konstelace pomér C/N [dB] pro 32k, CIN [dB] pro 32k, konstelace (Ln?‘;g min. citlivost [dBm] | min. citlivost [dBm]
PP2 PP4 P pro 32k, PP2 pro 32k, PP4
172 3.5 3.1 172 955 96,0
gg ‘;,; gg 3/5 94,3 948
QPSK : : 2/3 934 -93,9
3/4 6.6 6,2 S 3/4 92,4 929
4/5 72 6.8 4/5 -91,8 -92.3
5/6 7.7 7,3 5/6 -91,3 -91,8
112 8,7 83 1/2 90,3 -90,8
3/5 10,1 97 3/5 -88.9 -89.4
2/3 11,4 11,0 2/3 -87,6 -88,0
Uit 3/4 12,5 12,1 16-QAM 34 865 ~86.9
4/5 13,3 12,9 4/5 857 -86.1
5/6 13,8 13,4 5/6 852 856
112 13,0 12,6 172 ~86.0 86.4
3/5 14,8 14,4 3/5 -842 -84,6
2/3 16,2 15.7 213 82,9 83,3
2 asi 3/4 17.7 173 64-QAM 374 813 81.8
4/5 18,7 18,3 4/5 -80,3 -80,7
5/6 19,4 18,9 5/6 79,7 -80,1
112 17,0 16,5 172 -82.0 825
315 19,4 18,9 3/5 797 -80, 1
2/3 20,8 204 2/3 -78,2 -78,6
TR 34 22.9 224 266-QAM 34 762 76.6
4/5 24,3 23,8 4/5 747 75,2
5/6 25,1 246 5/6 73,9 744
odstup C/N [dB] minimalni citlivost [dBm]
Pro DVB-T 19,1 dB— -7/7 dBm = 32 dBuV@75Q




Pozadavky na hodnotu C/N

system C/N [dB] | konstelace | kodovy pomeér
DVB-TV 19,1 64 QAM 2/3
DVB-T22 16,2 64 QAM 2/3
DVB-T2¥ 20,8 256 QAM 2/3

Pozadavky na citlivost TV piijimacu

systtm | Pnin [dBm] | konstelace | kédovy pomér
DVB-TY -77,0 64 QAM 2/3
DVB-T2? -82.9 64 QAM 2/3
DVB-T2? -78,6 256 QAM 2/3

D Varianta C2 - 8k, 64QAM, 2/3
2 Varianta pro porovnani s DVB-T (nepouziva se)
2 Varianta 32k, 256QAM, 2/3, PP4
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Vysledky testu pfijimact DVB-T/T2 (DVB vs LTE) (Rec. ITU-R BT.2033-1)

CJ/1 Protection Ratio for DVB-T receivers
Vwanted DVEB-T signal level -¥0 dBm
LTE Frequency = 796 MHz, Bandwidth = 10 MH=z
LTE 5SS 100% loading
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DTT Channel
C/l Protection Ratio for DVB-T2 receivers
VWanted DVWVEB-T2 signal level -70 dBEBm
LTE Frequency = 796 MHz, Bandwidth = 10 MH=
30 LTE BES 100% loading

Gl (dB)

]

-80 T T T T T T T T T T T T
Co-Ch 50 59 =1 57 =13 55 54 53 52 S1 S0 49 48 38

DTT Channel



Pozadavky na OP (32k ext., 256QAM. 3/4, PP4, GI=1/16) — proti signalm DVB-T2

sirka max. pomer |/C [dB]
Pasmo kanalu sousedni ostatni zrcadlove
[MHZ] kanaly kanaly kanaly
lll. pasmo 7 28 38 -
V. pasmo 8 28 38 28
V. pasmo 8 28 38 28

PoZadavky na OP (32k ext., 256QAM. 3/4, PP4, GI=1/16) — proti signalim LTE

maximalni pomeér I/C

Sirka 10 MHz 10 MHz 10 MHz

Pasmo DVB-TZkanal | kanalu downlink downlink uplink (832-

[MHz] (791-801 (801-811; | 842; 842-852;

MHz) 811-821 MHz) | 852-862 MHz)
IIl. pasmo K5-K12 7 40 40 40
IV. pAsmo K21-K34 8 40 40 40
V. pasmo K35-K59 8 40 40 40
V. pasmo K60 8 30 40 40




Vysledky testl odolnosti pfijimacl DVB-T2 (Rec. ITU-R BT.2033-1)

Recommended sharing study values of PR and Ow for a DVB-T2 signal (defined in Table 1)
in a clear channel, interfered with by an LTE BS or UE signal in adjacent
channels for 3 can and 11 silicon tuners combined

(EI;}“H":LE:‘H;;;} cene Entf;;?“euq LTE BS LTE UE
(MHz)
PR Ou E.‘m;;{ﬂed Ou
(dB) (dBm) (dB) (dBm)
Co-channel (AWGN) 0 19 — 19 -
Co-channel (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 -0
7 58 —A47 —-11 —42 —
8 66 —46 -11 —43 -10
o 74 —46 —-10 —44 -10

Hodnoty OP (PR) a prahu prebuzeni (Oth) pfi ruSeni signalem BS a UE LTE



Spektrum UL pasma LTE 800 MHz
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Spektrum eNODE B 800 MHz

Spectrum

Ref Level -40.00 dBm = RBW 300 kHz
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Vysledky testt odolnosti pfijimact DVB-T2

(Rec. ITU-R BT.2033-1)

Measured overload thresholds (dBm) for a DVB-T2 signal (defined in Table 1)
interfered with by an LTE BS signal in adjacent channels for silicon tuners

Channel Centre ] 0% BS traffic 50% BS traffic 100% BS traffic
e ) _ | Number of . : .
offset N frequency receivers loading loading loading
(8 MHz offset tested | Ow Om O
channels) (MHz) (dBm) (dBm) (dBm)
Percentile Percentile Percentile
10‘1‘ Sotll 10th Sﬂlh lnth soth
| 10 11 —18 -6 -15 -6 -13 -8
2 18 11 -14 | —12 -2 —13 -3
3 26 11 -12 3 —13 0 —12 -1
4 3¢ 11 — 11 5 —12 2 —12
5 42 11 —10 6 —12 3 —12 2
6 50 11 -10 g -12 2 -12 2
7 58 11 -10 4 -11 2 -12 |
8 66 11 -10 4 -12 2 -12 |
9 74 11 -10 5 -12 3 -12 1

Hodnoty prahu pfebuzeni (Oth) pro rizné datové zatizeni BTS LTE




Porovnani parametru siti DVB-T / DVB-T2

DVB-T DVB-T2
Bandwidth: 8§ MHz 8 MHz
FFT size: 2k 32k
Carrier mode: N/A extended
Scattered pilot pattern: N/A PP7
Guard interval: 1/32 (7 us) 1/128 (28 us)
Modulation: 64-QAM 256-QAM
Code rate: 2/3 2/3
C/N (Rice): 20.1dB 19.7 dB
Resulting data rate: 24.1 Mbit/s 40.2 Mbit/s




Calculation of minimum field strength DVB-T2 8 MHz system at 650 MHz

. —— . Portable Portable
DVB-T2 in Band IV/A Fixed outdoor/urban indoor/urban
Frequency Freq MHz 650 650 650
Mimimum C/N required by system C/N dB 20.0 17.9 18.3
256-QAM 64-QAM 64-QAM
System variant (example) FEC 2/3, 32k, FEC 2/3, 32k, FEC 2/3, 16k,
PP7 Extended PP4 Extended PP1 Extended
Bit rate (indicative values) Mbit/s 35-40 26-29 23-28
Rece1ver noise figure F dB 6 6 6
Equivalent noise band width B MHz 7.77 7.77 7.77
Rece1iver noise input power Pn dBW —128.0 —128.3 —127.9
Min. recerver signal input power Ps nun dBW —-109.1 —111.2 —110.8
Min. equivalent receiver input voltage, Umin dBuv 297 276 280
75 ohm
Feeder loss Lf dB 4 0 0
Antenna gain relative to half dipole Gd dB 11 0 0
Effective antenna aperture Aa dBm’ —4.6 —15.6 —-15.6
ﬁgﬁ:ﬁ flux density at receiving ®dmin | dB(W)/m’ -100.5 —95.6 -942
Min equivalent field strength at recerving Emin dBuV/m 453 502 50.6
location
Allowance for man-made noise Pmmn dB o 1 1
Penetration loss (building or vehicle) Lb,Lh dB 0 0 11
Standard deviation of the penetration loss dB o 0 6
Diversity gain Div dB 0 0 0
Location probability %o 70 70 70
Distribution factor 0.5244 0.5244 0.5244
Standard deviation 5.5 5.5 8.1
Location correction factor Cl dB 2.8842 2.8842 424764
Minimum median power flux density at
reception heightl; 50% time and 50% ®med |dB(W)/m’ —97.6 -91.7 -79.0
locations
Minimum median equivalent field
strength at reception height'; 50% time Emed dBuV/m 48.2 541 66.8
and 50% locations
Location probability Yo 95 95 95
Distribution factor 1.6449 1.6449 1.6449
Standard deviation 55 55 8.1
JLocation correction factor Cl1 dB 9.04695 9.04695 13.32369
inimum median power flux density at
eception height'; 50% time and 50% ®med |dB(W)/m’ -91.5 -85.6 —72.3
ocations
inimum median equivalent field strength
eption height': 50% time and 50% Emed dBpuV/m 543 60.2 75.9

ocations

! 10 m for fixed reception and 1.5 m for the other reception modes




DD2 - Rozdéleni pasma 700 MHz - ECC/DEC/(15)01 / CEPT REPORT 53

694- | 703- | 708- | 713- | 718- | 723- | 728- | 733- | 738- | 743- | 748- | 753- | 758- | 763- | 768- | 773- |778- | 783- | 788-

703 | 708 |713 |718 (723 |728 |733 |738 |743 |748 |753 |758 |763 |768 |773 |778 |783 |788 |791

Guard

Guard
band

band

5 20 MHz (zero up to 4
MHz 30 MHz (6 blocks of 5 MHz) MHz blocks of 5 MHz) 30 MHz (6 blocks of 5 MHz) MHz

kmitoCtovy ofset : 9 MHz konec k48 (694 MHz) = pasmo UL (Tx UE) 703 MHz

44 MHz == = pasmo SDL 738 MHz
64 MHz - = pasmo DL (Tx BTS) 758 MHz
Options under consideration
694-703 733-738
Frequency bands (MHz) 703-733 738-7143 743-748 743-753 753-758
694-698 698-703 733-736 ??3:3
PMSE PMSE PMSE
PPDR (2x5MHz) FDD PPDRUL PPORDL
PPDR (2x3MHz) FDD PPOR UL

M2M (2x3MHz) FOD

PPDRDL

M2M

PPDR (2 (2 X5 MHz) / 2x10 MHz) FDD

PPORUL PPDRDL
Blocks size (MHz) 4 MHz 5 MHz

3 MHz | 2MHz I 5 MHz 5 MHz 3 MHz I 3 MHz




Vykony ruSivych emisi Tx BTS (LTE) -ECC/DEC/(15)01 / CEPT Report 53

Table 8: MFCN BS Baseline requirements for DTT spectrum

Maximum mean Measurement
Frequency range

e.Lr.p. bandwidth

For DTT frequencies below 694 MHz where

- (1)
broadcasting is protected 23 dBm per cell 8 MHz

“J"In a multi sector site “cell” refers to one of the sectors.

e.i.r.p. v pasmu kanalu DVB-T(2)

Table 4: MFCN BS transition requirements in the range 733-788 MHz

ST T Maxim.um mean Measure.ment
e.i.r.p. bandwidth
-10 to =5 MHz from lower block edge 18 dBm per antenna 5 MHz
-5 to 0 MHz from lower block edge 22 dBm per antenna 5 MHz
0 to +5 MHz from upper block edge 22 dBm per antenna 5 MHz
+5 to +10 MHz from upper block edge 18 dBm per antenna 5 MHz

BEM - e.i.r.p. v pasmu 733 -788 MHz



Vykony rusivych emisi Tx BTS (LTE) - ECC/DEC/(15)01 / CEPT Report 53

Table 3: MFCN BS baseline requirements

B e AR Bandwidth of Maximum mean Measurement
9 y g protected block e.i.r.p. bandwidth
Ublink f os in th > 5 MHz -50 dBm per cell @ 5 MHz
S ra M @) e rande 3 MHz 52 dBm percell @ | 3 MHz @
<3 MHz -64 dBm per cell ' 200 kHz
Uplink frequencies in the range =5 MHz o
832-862 MHz -49 dBm per cell 5 MHz
D ink f s in th =5 MHz 16 dBm per antenna 5 MHz
7;;;;; Mr:guenmes n the rahge 3 MHz 14 dBm per antenna 3 MHz
<3 MHz 2 dBm per antenna 200 kHz
D link f ies in th =5 MH
7;:"_/;; Mr:guenmes n the range z 16 dBm per antenna | 5 MHz

" In a multi sector site “cell” refers to one of the sectors.
@) Administrations may select a measurement bandwidth of 3 MHz or 200 kHz for protection of block size 3 MHz depending on national
options implemented.

Table 15: BS In-block power limit

Maximum mean Measurement
Frequency range

e.i.r.p. bandwidth

Not mandatory.

In case an upper bound is desired by an
administration, a value of|64 dBm/5 MHz
per antenna may be applied

Block assigned to the operator 5 MHz




Reakce vyrobcu na DD2

Podrobné tidaje o zbozi

BU-267_anténa UHF, kanal 21-48, G=13
dB, LTE700

dbd 16
15
14 BU-267— -
13
12
]
10
g
8
!
025 W0 B 40 45 0 B 60 6




Reakce vyrobcu na DD2

AM-487 _ zesilovac 4 vstupy, FM-BIII/ DAB -
UHF - UHF, LTE700

dB
+50

+40

LTE AUSTRALIA
703-803 MHz

+30

+20
+10
0
-10
-20
v LTE 700 LTE 800 GSM + TETRA
-30 470-694 MHz 703-788 MHz 791- 862 MHz 870-260 MHz

MHz
380 420 460 500 540 580 620 660 700 740 780 820 860 900 940 980
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Situace s rusenim DVB-T/T2

Statistika ruSeni pfijmu signala DVB-T

rok Efijato . pocet rusicich | pocCet rusicich | pocet BTS LTE
stiznosti BTS LTE BTS LTE [%] V provozu
2014" 1548 195 12,6 3078
2015 4426 1746 39,5 8823
2016 5631 3405 60,4 12851
2017% 1971 988 50,1 15694
celkem? 13576 6334 46,6 15694

U od dubna 2014, kdy byly spustény prvni BTS LTE 800 MHz

2 do30.9.2017
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Dekuji za pozornost.

Tomas Vik

CTU — odbor kontroly a ochrany spotfebitele
Oddéleni technické podpory Brno
JurkoviCova 1

638 00 Brno

tif.: 548 523 932

773 620 787
vikt@ctu.cz




