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Higher propagation loss at 3.5GHz and millimeter waves is compensated by Massive MIMO and
Beamforming
- Massive MIMO: Large number of steerable antenna elements
Necessary for beamforming in higher bands
Used for spatial multiplexing in lower bands :
- NR channels and signals designed to support beamforming
- Assuming channel reciprocity, UL Sounding reference signal (SRS) can be used for DL in TDD '
- High-resolution Channel State Information (CSI) RS design and reporting
High-spatial resolution codebook supporting up to 256 antennas
120rthogonal demodulation reference signals specified for multi-user MIMO
- Phase-tracking reference signals are used to overcome increased phase noise at higher
frequencies (otherwise higher constellation QAMs, ¢.g., 64-QAM, cannot be used)

- Massive MIMO with high-power user equipment (HPUE) => 3 to 4x more throughput
Beamforming

< In mmWave, beamforming is required

+» Beam management procedures include beam determination ,measurement, reporting and
sweeping

< Beam recovery procedures include beam failure detection ,notification, and recovery request

*» Beam management requires 3 step refinements :coarse .medium .and narrow beams
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