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5G network system for the KR trials
Overall Features

• 3GPP Release 15 specification

• Frequency range: 22 – 23.6 GHz 

• 5G Core Network: AMF, SMF, UPF

• 5G Access Network

• gNB

• CA of up to 6 component carriers (CCs, bandwidth of CC = 100 MHz) 

• Max. downlink data throughput of 400 Mbps per CC (2.4 Gbps over 6 CCs)

• Scheduling of 6 connected UEs

• UE

• CA of up to 3 CCs

• Max. data throughput = 1.2 Gbps 30 June 2022 4



5G core network
Features

• Functionalities

• AMF: Registration, Connection, Mobility, 

Authentication

• SMF: Creating/updating/removing PDU 

sessions

• UPF: DN interconnection, Packet routing, 

forwarding, Per-flow QoS handling, etc.
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• HW platform

• ZNYX B series switch

• HP DL 380 gen9 x86 server
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5G access network – protocol stack 
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User plane protocol stack Control plane protocol stack
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5G access network – L3 (RRC)
Functions

• Broadcast of system information related to AS and NAS

• Paging initiated by 5GC or NG-RAN

• Establishment, maintenance, and release of an RRC connection between the UE and NG-RAN including 

addition, modification, and release of CA/DC

• Security functions including key management

• Establishment, configuration, maintenance and release of SRBs and DRBs

• Mobility functions including handover and context transfer

• UE selection, reselection and control of cell selection and reselection

• QoS management functions

• UE measurement reporting and control of the reporting

• Detection of and recovery from radio link failure

• NAS message transfer to/from NAS from/to UE
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5G access network – L2/L1
Functions

• SDAP

• Mapping between a QoS flow and a DRB

• PDCP

• Sequence numbering, header compression/decompression, transfer of user data, reordering and 

duplication detection, PDU routing, retransmission, ciphering/deciphering, etc.

• RLC

• Transfer of upper layer PDUs, sequence numbering independent of the one in PDCP, ARQ, 

segmentation and re-segmentation, reassembly of SDU, RLC SDU discard, RLC re-establishment, etc.

• MAC

• Mapping between logical channels and transport channels, multiplexing/demultiplexing of MAC SDUs, 

scheduling information reporting, HARQ, priority handling, padding, etc.

• PHY

• Coding/decoding, modulation/demodulation, resource mapping, precoding, etc.
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5G access network – gNB
HW Platform for gNB
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Modem & RF L2/L3 Server

Dimension 750 x 500 x 166 mm3 525 x 424 x 193 mm3

Weight 27 kg 17.5 kg

Power supply 275 W 900 W

Model n/a SuperServer 6029P-TR,
7039P-T
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5G access network – UE 
HW Platform for UE
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Modem & RF L2/L3 Server

Dimension 500 x 460 x 205 mm3 437 x 249 x 43 mm3

Weight 23 kg 3.6 kg

Power supply 350 W 200 W

Model n/a SuperServer 5019D-
FN8TP
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5G network system components

30 June 2022 11



Introduction to  mmWave 5G network

Technical characteristics of mmWave 5G network

Demonstration of KR UC1

Conclusion

30 June 2022 12



5G access network characteristics – beamforming (1/3)

Beam width vs. Antenna gain
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beam width = 8o

antenna gain = 
22dBi

beam width = 18o

antenna gain = 
17dBi

beam width = 3o

antenna gain = 
33dBi
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5G access network characteristics – beamforming (2/3)

Link budget
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Power
Antenna
TX Gain

gNB 19dBm 17dBi

Antenna
RX Gain

17dBi

UE 19dBm 17dBi 17dBi

 At 22GHz, Received SNR ~ 20dB (500m), 13dB (1km)
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5G access network characteristics – beamforming (3/3)

Measurement
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 at city street
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5G access network characteristics – beam switching (1/3)

One beam vs. multiple beams w/ switching functionality
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Measurement at city street
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5G access network characteristics – beam switching (2/3)
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Lab test with beam switching functionality
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5G access network characteristics – beam switching (3/3)
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5G access network characteristics – handover (1/5)

Handover between cells
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Handover procedure
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5G access network characteristics – handover (2/5)
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Handover characteristics
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 Beamformed gNB
- Serving cell’s received power rapidly decreases at the cell edge

 Directivity
- Vehicles move forward  no ping pong

 Frequent handover situation
- Distance between cells ~500m, high mobility of vehicles

5G access network characteristics – handover (3/5)
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Handover characteristics
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 Beamformed gNB
- Serving cell’s received power rapidly decreases at the cell edge

5G access network characteristics – handover (4/5)
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5G access network characteristics – handover (5/5)

Handover strategy
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 Simplification of RACH process
- Simplified uplink synchronization and grant process

 “Make-before-break” algorithm

 Separation of handover preparation and execution
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KR UC1 – tethering via vehicle
Features

• To provide Gbps backhaul for a vehicle

• To provide high-speed Wi-Fi access via backhaul

• Infotainment
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 Tethering via vehicle

Vehicles to provide network access to 

occupants and pedestrians (TR 22.886)
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Demonstration of UC1 in a highway test road
Highway test road
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Demonstration of UC1
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Concept of KR trial testbed (TB)
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Demonstration of UC1
To provide user experience
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Demonstration of UC1
Checking download speed by users

30 June 2022 29

User ID Download speed (Mbps)

1 248

2 127

3 210

4 463

5 602

6 124

7 587

Average 337

User ID Download speed (Mbps), 3-time average

1 286

2 154

3 341

4 301

5 361

6 349

7 328

8 380

9 275

10 358

Average 313

Nov. 2020 Nov. 2021w/o handover w/ handover
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Conclusion

The mmWave 5G network system has been developed and used for KR TS use cases.

In the UC #1:

• We prepared a testbed (TB) at a highway test premise and validated the mmWave 5G 

with a test vehicle.

• Users inside the vehicle can experience high-speed Wi-Fi services. 

• measured Wi-Fi speed by Benchbee App and tried video streaming
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Conclusion

The mmWave 5G network:

• Reasonable cell size achieved by applying beam forming to the RF design and cell 

planning

• Beam switching is helpful to get stable performance

• Combination of HO algorithms can improve handover success

Future work:

• Solutions for coverage holes – relays such as IAB, sidelink, RIS, etc.

• HO algorithms for deployment in the city areas
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