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Abstract

The characteristics and demerits of the conventional hierarchical codebooks are investigated, which have been
reported for an efficient beam search in millimeter wave massive multi-input multi-output systems. The followings are
required for desirable hierarchical codebooks: every codeword should have constant modulus entries for feasible
implementation, every codeword should force all the antenna elements to be active for preventing from total antenna
power loss, and neighboring codeword beams should have no interference with each other for high SNR. However
there is no conventional scheme satisfying all the requirements. In this paper, the gradient descent method, which is
one of the iterative optimization approaches, is applied to derive the codebook meeting all the requirements. It is
confirmed by computer simulations that the codebook obtained by the proposed method has larger achievable data
rates than the conventional ones.
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Fig. 1. A gpatial channel model for multi-antenna
millimeter-wave propagation
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Table 1. Sampling angles for beam optimization by the
gradient descent method (sin(e))

Layer | 2 () (2
1st 05 {0.01, 0.02, .., 0.5} {0.65}
2nd 0.25 {0.01, 0.02, ..., 0.24} {0.275, 0.3}
3rd 0.125 | {0.01, 0.02, .., 0.115} {0.16, 0.27}
4th | 0.0625 | {0.01, 0,02, ..., 0.0625} {0.15}
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Table 2. Antenna phases derived by the proposed method
Layer 000, 79571 [radian]
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446, 471, 496, 5.25, 5.59, 5.84, 6.00, 6.06
m 446, 421, 342, 2.73, 261, 261, 261, 261,

251,242, 229, 2.17, 207, 1.98, 1.95, 1.92
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Table 3. Success detection rate of codebook [6] for SNR=co

Detection starting layer| wy =1 |ug =2 |uy =3 | uy =
Success detection rate | 74.64% | 50.34% | 81.86% | 50.77%
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