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The Evolution of Infrastructure 

& Shifting service
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5G FWA
·#ąÒàɯÕÖÝõÔÜɯÙâËÐÜɯȹ-1ȺɯÝɯÔÐÓÐÔÌÛÙÖÝõɯÝÓÕÖÝõɯËõÓÊÌɯȹmmWave) 
ÔļŉÌɯƙ&ɯ%6 ɯ×ÖÚÒàÛÕÖÜÛɯÒÖÕÒÜÙÌÕÊÌÚÊÏÖ×ÕÖÜɯÈÓÛÌÙÕÈÛÐÝÜɯÒɯ
#2+ȮɯÒÈÉÌÓÖÝõɯ35ɯÈɯÝÓâÒÕļÔȭ

·ƙ&ɯ%6 ɯÕÈÉąáąɯ×ÖÛĪÌÉÕÖÜɯįąĪÒÜɯ×âÚÔÈɯ×ÙÖɯ×ĪąÔùÚÛÚÒõɯÈɯ
ÝÌÕÒÖÝÚÒõɯÓÖÒÈÓÐÛàɯÒɯ×ÖË×ÖĪÌÚÛÙÌÈÔÖÝÈÊąÊÏɯÚÓÜŉÌÉɯÚɯÝàÚÖÒńÔɯ
ÙÖáÓÐįÌÕąÔɯÈɯÝàÚÖÒÖÙàÊÏÓÖÚÛÕąÏÖɯ×ĪąÚÛÜ×ÜɯÒɯÐÕÛÌÙÕÌÛÜȭ

·Standard dle 3GPP, ETSI
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WiMAX
·Technologie WiMAX ËÖɯáÕÈðÕõɯÔąÙàɯzklamla ÑÌÓÐÒÖŉɯ×ÖÛĪÌÉÖÝÈÓÈɯáÊÌÓÈɯ
ÕÖÝÖÜɯ×ĪÌÒÙàÝÕÖÜɯÐÕÍÙÈÚÛÙÜÒÛÜÙÜɯÈɯËÙÈÏõɯ×ÙÖ×ÙÐÌÛâÙÕąɯÝàÉÈÝÌÕąȭɯ

·WiMAX ÛÈÒõɯÕÈÉąáÌÓɯ×ÖÔùÙÕùɯÔÈÓõɯÙàÊÏÓÖÚÛÐȭɯ

·Naproti tomu 5G Fixed Wireless ÊÊÌÚÚɯȹ%6 ȺɯÝàÜŉąÝâɯ
ÚÛÈÕËÈÙËÐáÖÝÈÕõɯÈÙÊÏÐÛÌÒÛÜÙàɯƗ&//ɯÈɯÉùŉÕõɯÔÖÉÐÓÕąɯÒÖÔ×ÖÕÌÕÛàɯÒɯ
×ÖÚÒàÛÖÝâÕąɯÜÓÛÙÈÙàÊÏÓńÊÏɯįÐÙÖÒÖ×âÚÔÖÝńÊÏɯÚÓÜŉÌÉɯËÖÔâÊąÔɯ
×ĪÌË×ÓÈÛÐÛÌÓļÔɯÈɯ×ÖËÕÐÒÖÝńÔɯáâÒÈáÕąÒļÔȭ
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Last Mile
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5G ðtype of communication
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Requirements for Different 5G 

Use Cases
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5G ð4G LTE-A
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LTE vs 5G/ services

LTE 5G

Mobile Broadband 1 Gbit/s capacity 10-20 Gbit/s capacity, peak 100x

IoT NB-IoT Rel 16 Longer Battery Life

Mission Critical Limited Support Ground -Up design
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5G Use Cases and type of 

communication
Services:

·eMBBɬExtreme Mobile Broadband

·mMTC - Massive Scale Communication

·uRLLC ɬUltra -Reliable Low Latency Service

Type of communication:

·Human to Human

·Human to Machine

·Machine to Machine
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5G ðtype of communication
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From Silos to a Common Core for All
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Heterogeneous Access:

Á4G UE

Á5G UE

ÁWi-Fi UE

ÁCPE - 5G FWA

Voice:

·Common CoreɬIP Multimedia Subsystem ( IMS) 



5G Cases according ITU
ÁEnhanced Mobile Broadband ( eMBB). eMBB is the most obvious extension of LTE 

capability, providing higher speeds for applications such as streaming, Web access, 
video conferencing, and virtual reality. Highest speeds will occur in small cells with 
limited movement speed of end users, such as with pedestrians. 

ÁMassive Machine -Type Communications ( mMTC ). Massive machine-type 
communications extends LTE Internet of Things capabilitiesɭfor example, NB-IoTɭ
to support huge numbers of devices with lower costs, enhanced coverage, and long 
battery life. As shown in the ITU objectives, below, 5G will support ten times as 
many devices in an area as LTE. 

ÁUltra -Reliable and Low -Latency Communications ( uRLLC ). Of the three categories, 
uRLLC enables wireless applications never before possible. Driven by high 
dependability and extremely short network traversal time, uRLLC, also referred to 
ÈÚɯɁÔÐÚÚÐÖÕ-ÊÙÐÛÐÊÈÓɂɯÊÖÔÔÜÕÐÊÈÛÐÖÕÚȮɯÞÐÓÓɯÌÕÈÉÓÌɯÐÕËÜÚÛÙÐÈÓɯÈÜÛÖÔÈÛÐÖÕȮɯËÙÖÕÌɯ
control, new medical applications, and autonomous vehicles. This category is also 
referred to as critical machine -type communications ( cMTC ). 
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NGMN ð5G Network Slicing
ÁNext Generation Mobile Networks (NGMN)

ÁSoftware Defined Networking (SDN) 

ÁNetwork Functions Virtualization (NFV) 

ÁControl and User Plane Separation(CUPS)
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NGMN ð5G Network Slicing
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Server & Net Virtualization Analogy



Classical & Net Virtualization



5G radio frequencies ðNew Radio
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The air interface defined by 3GPP for 5G is known as New Radio (NR)

2 frequency bands, FR1 (below 6 GHz) and FR2 (mmWave), each with different capabilities.

Frequency range 1 (< 6 GHz)
ÁThe maximum channel bandwidth defined for FR1 is 100 MHz, due to the scarcity of 

continuous spectrum in this crowded frequency range. The band most widely being used for 
5G in this range is 3.3ɬ4.2 GHz.

Frequency range 2 (> 24 GHz)
ÁThe minimum channel bandwidth defined for FR2 is 50 MHz and the maximum is 400 MHz, 

with two -channel aggregation supported in 3GPP Release 15. The higher the frequency, the 
greater the ability to support high data -transfer speeds.



Flexible Radio Scheduling
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ÁFlexible symbol length

ÁFlexible bandwidth

ÁFlexible CP length



New Radio

23



OFDM
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Orthogonal Frequency-Division Multiplexing



OFDMA
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Orthogonal Frequency-Division Multiple Access



OFDM x OFDMA
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Orthogonal Frequency-Division Multiple Access



Carrier Aggregation
ÁUMTS/HSPA+ - 2 downlink carriers may be assigned to one user since Release 8. 

Release 10 supports four-carrier aggregation and eight-carrier-aggregation is 
supported since Release 11standardized carrier aggregation for HSPA+ for the 
uplink for up to 2 component carriers since Release 9

ÁLTE/LTE-Advanced - channel bandwidths of 1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 
MHz and 20 MHz, 4x4 MIMO

Á5 G low-band with a 5 G mid -band can improve mid -band coverage by up to 7dB 
extending the cell coverage area by up to 2.5 times and increasing the population 
that can be supported by the mid-band by up to 25%. The higher available capacity 
means that more traffic can be offloaded on to mid-band 5G -which uses spectrum 
more efficiently than 4 G-, leading to an overall capacity increase of 27%.

Á5 G low-band with a 5 G high-band can improve high -band coverage by up to 10dB 
extending the high -band cell coverage area by up to 3.7 times.  The extended mid-
band and high-band coverage also enables a greater offload of traffic from the lower 
bands to the mid and high -bands providing a higher throughput at the cell edge.
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Carrier Aggregation

28



Carrier Aggregation
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From Release10



4G LTE vs 5G NR
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Core Network and Radio
Gen 2,5 G 3 G 4 G 5 G

Home Register HLR HLR HSS AUSF/UDM

Mobility management MSC/VLR MSC MME AMF

DN GW user plane GGSN GGSN PGW-U UPF

DN G W control plane N/A N/A PGW-C SMF

Gateway - user plane SGSN SGSN SGW-U I-UPF optional

Gateway - control plane N/A N/A SGW-C SMF

Radio controller BSC+PCU RNC N/A N/A

Base station / Radio BTS Node-B eNB gNB (NR)

Police & Charing PCRF PCRF PCRF PCF

AAA N/A N/A AAA AMF

Wi -Fi access N/A N/A ePDG N3IWF

Network Slicing N/A N/A N/A NSSF
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4G EPC R8 with PCC
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5G Architecture
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Service Based Architecture (SBA)
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Service Based Architecture (SBA)
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5G FWA a 5G
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5G

Core
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Policy and Charging Control
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Distribution of Session Policies 5G
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Access and Mobility Policies Control
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PCF

SMFAMF

Session Management (SM)
Policy Association,
Created at PDU Session Establishment 

5G Policy Associations

Access and Mobility Management (AM)
Policy Association created 
at 5G Registration



5G Architecture
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From 4G to 5G
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From 4G to 5G
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From 4G to 5G
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Mobile transformations
Intensifying Role of Wireless Communications

ÁAccess to vast amounts of new spectrum (including unlicensed)

ÁSmall cells ready for mass deployment

ÁNew network architecture ɬNVF, SDN, network slicing, Mobile 
edge computing

ÁArtificial intelligence and machine learning
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Propustnost r§diov® s²tō
Á/ÖÒÙàÛąɯÚÌɯÙÖáËùÓÜÑÌɯËÖɯÉÜÕùÒ

Á/ÙÖ×ÜÚÛÕÖÚÛɯÙâËÐÖÝõɯÚąÛùɯɬÔùĪąɯÚÌɯÝɯ[bit /s/km 2]

Á'ÜÚÛÖÛÈɯÉÜÕùÒɯ[Cell/km 2] 

Á#ÖÚÛÜ×ÕõɯÚ×ÌÒÛÙÜÔ[Hz]

Á2×ÌÒÛÙâÓÕąɯĶðÐÕÕÖÚÛɯ[bit/s/Hz/Cell]
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Jak zvĪģit spektr§ln² ¼ľinnost?
ÁShannonɬHartley theorem

ÁC ɬÒÈ×ÈÊÐÛÈɯÒÈÕâÓÜ

ÁB ɬįąĪÒÈɯ×âÚÔÈ

ÁS/N ɬ×ÖÔùÙɯÚÐÎÕâÓɯįÜÔ

4 bit/s/Hz ɬ> 8 bit/s/Hz áÕÈÔÌÕâɯƕ7 ÝàįįąɯÝńÒÖÕ
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Modulace ðporovn§n² C/N a BER
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Jak zvĪģit spektr§ln² ¼ľinnost?
Á9ÝńįÐÛɯÝńÒÖÕɯÑÌɯÝɯ×Īą×ÈËùɯÛÈÙÔÐÕâÓļÕÈ×âÑÌÕńÊÏɯáɯÈÒÜÔÜÓâÛÖÙÜɯ×ÙÖÉÓõÔȭ

ÁJak z toho ven?

Á5ąÊÌɯ×ÈÙÈÓÌÓÕąÊÏɯ×ĪÌÕÖÚļɯɬMIMO ɬMultiple -Input and Multiple -Output

Á5ąÊÌɯÈÕÛõÕɯÝąÊÌɯÚÔùÙÖÝÖÚÛÐ
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MIMO and Beam -Forming
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MIMO ðPhased Array
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SISO a MIMO
Single-input and Single -output (SISO)

MIMO

ÁSinge-user MIMO (SU -MIMO)

ÁMulti -user MIMO (MU -MIMO)

ÁCooperative MIMO (CO -MIMO)

ÁMassive MIMO
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Massive MIMO
Á/ÖðÌÛɯÈÕÛõÕɯ>> poðÌÛɯÜŉÐÝÈÛÌÓļ

Á-È×ĪąÒÓÈËɯƖƔƔɯÈÕÛõÕɯ×ÙÖɯƘƔɯÜŉÐÝÈÛÌÓļ

Á)ÈÒɯÔÖÊɯÔÈÚÐÝÕąȳ

ÁƗɯÚÌÒÛÖÙàɯƜɯßɯƜɯÈÕÛõÕɯƚƘɯ* 3 =192 ÈÕÛõÕ
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Massive MIMO
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Massive MIMO
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64 TX + 64 RX 5G MU-MIMO ant

suitable for Massive MIMO
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MIMO and Smart antennas
Smart antennas:

ÁThrough higher -order MIMO and beamforming, smart antennas 
gain added sophistication in each 3GPP release and are the 
primary contributor to increased spectral efficiency (b it /s/Hz). 

ÁMassive MIMO, beginning in Release 13, will support 
16-antenna-element systems and in 5G, will expand to hundreds 
of antenna elements.
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Cooperative MIMO
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ÁCoordinated Multipoint

ÁFixed Relays

ÁMobile Relays



Coax vs Fiber -connected Antenna
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From coax feeder to fiber
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Antenna evolution ðNew Radio
Passive Antennas:

ÁGeneration 1 ɬBTS ɬsingle omni antenna or sectors, coax from BTS to ant

ÁGeneration 1,5 ɬBTS + NodeB, combiner, more sectors, cross Polarized

ÁGeneration 2 ɬNodeB ɬfiber fronthaul one RRH, 2x2 MIMO, Cross 
Polarized

ÁGeneration 2 ɬNodeBɬfiber fronthaul more RRH, 4x4 MIMO, Cross 
Polarized

Active antenna:

ÁGeneration 3ɬ64 Element FD-Mimo

ÁGeneration 4 ɬMassive MIMO
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FWA ðFixed Wireless Access
ÁPoint to Multipoint

ÁSubstitution of ADSL, VDSL, SDSL,ȱɯ.×ÛÐÊÚ

ÁFUP ɬFair User Policy ?

Á5G user data rates: experienced 100 Mbit/s, peak 20 Gbit/s

Á6G user data rates: experienced 1 Gbit/s, peak 1 Tbit/s
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Coverage , Bandwidth , Latency
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5G Capacity
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mmWave ðFR2 v²ce neĥ 24 GHz
·U 5G se poļ²t§ mmWave.

·Spektrum mmWavenab²z² ve srovn§n² s dneġn²mi s²tŊmi 4G rychlosti 
Ś§dovŊ 10kr§t vŊtġ².

·5ɯ42 ɯÛÈÒõɯƛɯ&'áȮɯÒÛÌÙõɯÚÌɯÑÐŉɯÝɯ42 ɯ×ÖÜŉąÝÈÑąɯ

·-ÌÓÐÊÌÕÊÖÝÈÕõɯ×âÚÔÖɯÛÈÒõɯƚɯ&'á

·-ÌÓÐÊÌÕÊÖÝÈÕõɯƙƛɯÈŉɯƚƘɯ&'áɯ42 

·FR2 v EU 26, 28, 39 a 41 GHz
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5G FWA Coverage
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Frequency FWA? Coverage Throughput

700 MHz N Excellent Poor

3,4 ɬ3.8 GHz Y Good Good

24,25 ɬ27,5 GHz Y Poor Excellent



5G NR ðFrequency Range 2
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FR2 /âÚÔÖ)ÔõÕÖ FRQ [GHz] §ąĪÒÈɯ×âÚÔÈɯȻ,'áȼ

n258 26 K-band 24,25ɬ27,50 50, 100, 200, 400
n257 28 LMDS 26,50ɬ29,50 50, 100, 200, 400
n261 28 Ka-band 27,50ɬ28,35 50, 100, 200, 400
n260 39 Ka-band 37,00ɬ40,00 50, 100, 200, 400
n259 41 V-band 39,50ɬ43,50 50, 100, 200, 400
n262 47 V-band 47,20ɬ48,20 50, 100, 200, 400



5G NR ðFrequency Range 2
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5G FWA re§ln® parametry
·Latence 11 ms

·5áËâÓÌÕÖÚÛɯ"/$ɯÖËɯ 4ɯËÖɯƕɯÒÔ

·Download 900 Mbit/s /  Upload 300 Mbit/s / ÝńÉÖÙÕõɯ×ÖËÔąÕÒà

·Download 900 Mbit/s /  Upload 150Mbit/s / ËÖÉÙõɯ×ÖËÔąÕÒà

·Download 500 Mbit/s /  Upload 100Mbit/s / į×ÈÛÕõɯ×ÖËÔąÕÒà
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6 GHz spectrum
Today, 6 GHz spectrum is used by cable operators for distribution of 
services, radars, and dedicated microwave communication links.

·6 GHz band covering 5,925ɬ7,125 GHz

·The combination of 2,4; 5 and now 6 GHz potentially creates 
over 1 GHz of spectrum for 5G use. 

·5G NR-U Specified in Release16. 
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6 GHz Harmonizace
·5ɯÌÝÙÖ×ÚÒõÔɯ×ÙÖÚÛÖÙÜɯÒÖÔÐÚÌɯ"$/3ɯ×ĪÐ×ÙÈÝÜÑÌɯ
ÏÈÙÔÖÕÐáÈÊÐɯ×ÙÖɯ×âÚÔÖȯɯƙ,925 ɬ6,425 GHz

·Ýɯ42 Ȯɯ*ÈÕÈËùɯÈɯ!ÙÈáąÓÐÐɯÚÌɯá×ĪąÚÛÜ×ĚÜÑÌɯ
×âÚÔÖɯƙ,925 ɬ7,125 GHz
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5 GHz, 6 GHz a 7 GHz
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250 mW

USA 5,925 ɬ7,125 GHzEU 5,925 ɬ6,425 GHz

1 W250 mW1 W



6 GHz harmonizace
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LTE a NR-U v nelicencovan®m p§smu
·Ɨ&//ɯ×ÙÈÊÜÑÌɯÕÈɯ×ĪÐá×ļÚÖÉÌÕąɯ+3$ɯÈɯ-1ɯ×ÙÖɯ×ÙÖÝÖáɯÝɯÕÌÓÐÊÌÕÊÖÝÈÕõÔɯ
Ú×ÌÒÛÙÜɯ×ĪÐÉÓÐŉÕùɯÖËɯÙÖÒÜɯƖƔƕƗȭ

·5ɯÕÌÓÐÊÌÕÊÖÝÈÕõÔɯ×ÙÖÝÖáÜɯÝɯÙâÔÊÐɯ+3$ɯÉàÓÖɯÊąÓÌÔɯáÈÝÌËÌÕąɯÙÌŉÐÔÜɯ
×ÙÖÝÖáÜɯÚɯÓÐÊÌÕÊÖÝÈÕńÔɯÈÚÐÚÛÖÝÈÕńÔɯ×ĪąÚÛÜ×ÌÔɯȹ+  Ⱥɯ×ÖÔÖÊąɯ
ÕÌÓÐÊÌÕÊÖÝÈÕõÏÖɯ×âÚÔÈȮɯÒËÌɯÑÌɯ×ÙÐÔâÙÕąɯÉÜĚÒÈɯÝɯÓÐÊÌÕÊÖÝÈÕõÔɯ×âÚÔÜȭ

·V RelaseƕƗɯÉàÓÈɯ×ĪÌËÚÛÈÝÌÕÈɯ×ÙÝÕąɯÝÌÙáÌɯ+  ɯÚɯÕÌÓÐÊÌÕÊÖÝÈÕńÔɯ
×âÚÔÌÔɯÑÈÒÖɯËÖ×ÓĚÒÖÝńÔɯdownlinkem ȹ#+Ⱥɯ×ÙÖɯáÓÌ×įÌÕąɯ×ÙÖ×ÜÚÛÕÖÚÛÐɯ
DL jako agegaceCA (Carrier Agregation ).

·V 5G NR-U je ve 5G Phase Two (Release 16) 
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Licenced vs Unlicenced
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5G device using unlicensed spectrum
Any 5G device using unlicensed spectrum must:

ÅComply with lower power emission requirements that limit signal 
propagation and in -band interference, constraining the coverage area

ÅShare spectrum with incumbent users, adding technical complexity to 5G 
terminals so that all devices can coexist

ÅMake use of Dynamic Frequency Selection (DFS) and Transmit Power 
Control (TPC) techniques to facilitate coexistence, like Wi-Fi devices do 
today

ÅLikely adopt the LTE or 4G coexistence techniques, such as Listen Before 
Talk (LBT), to work side -by-side with Wi -Fi devices
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5G souľasnĪ stav
·2ÖÜðÈÚÕńɯÚÛÈÝɯƙ&ɯɬNonStandelone + 4G EPCcore

·Standalonex nonstandalone

·5G core x 4G EPC core

·5G architektura

·/âÚÔÈɯƙɯȮɯƚɯÈɯƛɯ&'á

·Carrier agregationɬdual conectivity
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