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Motivation (1/2) 

(a) Interdependence among frequency, 
capacity, and availability [1] 

[1]    ETSI White paper No. 25, Microwave and Millimeter-Wave for 5G Transport (1st Ed.), Feb. 2018 

Low-band Mid-band 

 mmWave communications will greatly increase wireless capacity and speeds for 
future 5G/B5G, but still in its early stages for commercial deployments. 
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Motivation (2/2) 
Channel measurements and modeling:   

transmission scheme and network deployment 

All frequency bands: 
sub-6 GHz, mmWave, 

THz, VLC 

All scenarios: InH, UMi, 
UMa, RMa, V2X, UAV, 

IIoT, backhaul, … 

All applications: 
directional transmission 
and network architectures 

 Propagation measurements and channel modeling are the fundamental prerequisites 
for 5G/B5G network design and deployment; 

 Standard bodies need channel models to support multiple frequency bands and 
scenarios. 
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Channel measurement campaigns (1/2) 
Channel sounder hardware 

 Scheme 
 Transmit signal: periodic Golay pair with perfect complementary autocorrelation; 
 Wideband vector signal generator transmits known sequences and the signal analyzer 

acquires received signals while narrow-beam horn rotates for angle information. 

 Advantage 
 Flexible: measurements for multi-frequency bands and multiple scenarios using 

different antenna configurations; 
 Highly efficient: 36 s for TX/RX directional antenna sweeps in the entire 2π azimuth 

plane; 
 Stable: using Commercial Off-The-Shelf instruments with the overall measurable path 

loss of 159 dB @39 GHz.  

TX RX 
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Channel measurement campaigns (2/2) 
Urban macrocell scenarios 

CBD: central business district 
in Xinjiekou, Nanjing 

DRA: dense residential area 
in Zhangfuyuan, Nanjing 
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Multipath clustering 

(a) MPC estimation via the peak detection algorithm (b) Flowchart of the two-step KPowerMeans 
clustering algorithm 

Multipath component estimation and clustering 

(c) Measured PDAP (d) Estimated MPCs (e) Clustering results 
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Cluster-based channel modeling (1/3) 
 Intra-cluster delay and angular spreads 

 CDF for 
cluster-level 
delay spread 

 CDF for cluster-
level azimuth 
angular spread 
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Cluster-based channel modeling (2/3) 
Correlations among several cluster-level channel parameters 

Inter-cluster channel parameters 

Intra-cluster channel parameters 
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Cluster-based channel modeling (3/3) 
Statistics of cluster-based channel modeling parameters 
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Analysis of propagation mechanisms 
Mapping virtual clusters to physical scatterers 

h1 is close to h2 
h1 is significantly 
larger than h2 

(a) PDAP for CBD environment (b) PDAP for DRA environment 

Sparse 
channel 

Rich 
scattering 
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Conclusions 
 Highly efficient wideband mmWave channel sounder for multiple 

frequency bands and scenarios 
 Support outdoor long-distance LoS/NLoS measurements 
 Support double-directional measurements, e.g., AoA/AoD in azimuth and 

elevation 
 Support flexible measurement setting, e.g., omni/dir. ant., 0.9–40 GHz 

 Cluster-level propagation characteristics and channel modeling 
in dense urban environments 
 Reflection and diffraction extend the coverage of mmWave networks with 

the radius up to 200 m in NLoS links; 
 Finite number of strong clusters (e.g., 5–7) would be enough to describe 

mmWave multipath channels for UMa LoS/NLoS links; 
 Spatio-temporal cluster spreads DS and ASA generally reduce with 

increasing frequency, but ZSA is probably frequency-independent.  
 Enable real-world deployment of mmWave cellular networks with 

enhanced coverage. 
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