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V. CONCLUDING REMARKS

Millimeter wave (mmWave) communication systems use di-
rectional transmission and reception to compensate for severe 
channel attenuation and for high noise power. This narrow-
beam operation significantly r educes m ultiuser interference 
footprint, promising a significant spatial gain that is largely ig-
nored in the resource allocation approach of current mmWave 
standards. In this paper, we derived a tractable closed-form 
expression for collision probability in a mmWave ad hoc net-
work operating under slotted ALOHA. This derivation allowed 
investigation of the MAC layer throughput of a mmWave 
network, as a function of the transmitter density, obstacle den-
sity, transmission probability, operating beamwidth, and trans-
mission power, among the main parameters. Comprehensive 
analysis revealed that mmWave networks exhibit a transitional 
behavior from a noise-limited network to an interference-
limited network. This transitional behavior of interference 
necessitates novel frameworks of collision-aware hybrid MAC, 
containing both contention-based and contention-free phases 
with adaptive phase duration. Mathematical and numerical 
analysis of the per-link throughput, area spectral efficiency 
(network sum throughput divided by the network size), and the 
delay performance, indicated inefficacy of TDMA in mmWave 
network with small multiuser interference. Instead, slotted 
ALOHA efficiently l everages s patial g ain a nd p rovides sub-
stantially higher throughput with lower average delay. These 
gains increase with the number of links in the network, making 
the contention-based strategies more justifiable in massive 
mmWave access scenarios. 
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