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Hybrid precoding: Narrowband vs. Wideband 
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Hybrid structure – Fully-connected vs. Partially-connected 
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If FRF is given, the optimum solution of                         can be found by using a 
conventional SVD scheme with respect to the effective channel at each subcarrier. 

F̂BB 1( ),!, F̂BB K( ){ }

equivalent 

Goal: Maximize the sum of per-subcarrier mutual information 
Constraints  

on FRF 

1) NRF < NTX 
2) Composed of phase shifters 
3) Common for all subcarriers 

WB hybrid precoding design - Problem formulation (1/2) 
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The above problem is a non-convex optimization problem. 
Instead, let us maximize the sum of squared singular values of effective 
channels ( = maximize the sum of effective SNR per subcarrier & stream) 

argmax

FRF

KX

k=1

SX

s=1

�2
s

�
H (k)FRF(F

⇤
RFFRF)

� 1
2
�

(Eq. 3) 
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Once the optimum FBB(k) for each k is determined given 
FRF, the optimization problem is only with respect to FRF.  
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WB hybrid precoding design - Problem formulation (2/2) 



Solution 

9 

Hybrid precoding solution – Fully-connected case 
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Hybrid precoding solution – Partially-connected case 
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where αr is an arbitrary nonzero complex number,  
          is the dominant eigenvector of        , and  Subarray partitioning vRSr ,1 RSr

f?RF,Sr
= ↵rvRSr ,1, for r = 1, · · · , NRF
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Uniform Planar Array (UPA) case 
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Partition a set of NTX antennas into NRF subsets 
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Approximation of the largest singular value 

Definition of the approximate largest singular value 
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[4] H. Wolkowicz and G. P. Styan, “Bounds for eigenvalues using 
traces,” Linear Algebra and Its Applications, pp. 471-506, 1980 

�1,LB (RS)  �̂1 (RS)  �1,UB (RS)

* Lower & upper bound on the 
largest singular value (exact value) 

Property of the approximate largest singular value 
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Dynamic subarray partitioning algorithm (proposed) 

f (S, n, r) ,
(

0, if |S| = 0 or {n = NRF and r = 0}
1
|S|

P
i2S

P
j2S |[R]i,j |, otherwise.

Complexity: O(NTX
2 logNTX) 

Complexity: O(NTX
2NRF) 

Total complexity: 
 O( NTX

2 max(NRF,logNTX) ) 

Complexity: O(NTX
2NRF) 

è Polynomial time ! 
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Azimuth domain Elevation domain 
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for ULA (uniform linear array) 
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K

* Distribution of AoAs and AoDs : Uniform in a confined range TX RX 
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Simulation results 

-10 -5 0 5 10 15 20
SNR (dB)

0

5

10

15

20

25

30

35

40

Sp
ec

tra
l e

ffi
ci

en
cy

 (b
ps

/H
z)

Digital baseband
Hybrid, fully-connected
Hybrid, subarray, dynamic (proposed)
Hybrid, subarray, fixed (vertical)
Hybrid, subarray, fixed (horizontal)
Hybrid, subarray, fixed (squared)
Hybrid, subarray, fixed (interlaced)

4.5 5 5.5
18

18.5

19

- TX: 64 antennas (UPA), 8 RF chains 
- RX: 4 antennas (UPA), 4 RF chains 
- CH: 8 clusters 10 subrays (ΔAZ=180°, ΔEL=90°) 
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- TX: NTX antennas (UPA), 4 RF chains 
- RX: 4 antennas (UPA), 4 RF chains 
- CH: 8 clusters 10 subrays (ΔAZ=180°, ΔEL=90°), SNR 10 dB 

- solid:    w/o phase shifter constraint (        ) 
- dashed: w/ phase shifter constraint (          ) 
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We derived closed-form solutions for wideband hybrid precoding. 
 
 
 

Fully connected structure Partially-connected structure 
(Subarray structure) 

We proposed a dynamic subarray structure  
based on spatial channel covariance.  
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Thank you ! 


