
Introduction

Design Example

【Parameters】

Error-feedback Modulator

1

min
𝑟1,𝑟2,…,𝑟𝑛𝑟

max
𝑤∈[−Ω,Ω]

|𝑅[𝑒𝑗𝜛]| subject to (1)

Where Ω =
2𝜋𝑑

𝜆
sin(Θ) and [−Θ + Ω0, Θ + Ω0] is 

arrival angles we are interested

Define state-space matrices(𝐴, 𝐵, 𝐶, 𝐷)of 𝑅[𝑧] as

𝐴 =

0 1 ⋯ 0

⋮ ⋱
⋮
1

0 ⋯ 0

, 𝐵 = 0, … , 0, 1 𝑇,

𝐶 = [𝑟𝑛𝑟
, 𝑟𝑛𝑟−1, … , 𝑟1], 𝐷 = 1

By using the generalized KYP lemma, the 

problem becomes

𝑀1

𝑀2
𝑇

𝑀2

𝑀3

𝐶 1

 
𝐶𝑇

1
−1

< 0, where

𝑀1 = 𝐴𝑇𝑋𝐴 + 𝑌𝐴 + 𝐴𝑇𝑌 − 𝑋 − 2𝑌𝑐𝑜𝑠Ω

𝑀2 = 𝐴𝑇𝑋𝐵 + 𝑌𝐵

𝑀3 = 𝐵𝑇𝑋𝐵 − 𝜇

min
𝑟1,…,𝑟𝑛𝑟 , ҧ𝑟1, ҧ𝑟𝑛𝑟

𝜇 subject to (1)  (2)

(2)

Object : Develop one-bit error-feedback quantizers for massive MIMO systems with uniform linear 

antenna arrays robust to arrival angles

Antenna number 𝑁 = 64

Wavelength antenna distance
𝑑

𝜆
=

1

8

SNR 
𝜎𝑠

2

𝜎𝑛
2 = 10𝑑𝐵

Massive MIMO that equips base 

stations with very large antenna 

arrays is key technology for 5G 

wireless communication systems

It is necessary to reduce hardware 

cost and power consumption of 

radio-frequency (RF) font-ends

Our approach leverages error-

feedback quantization to 

dynamically shape quantization 

noise in alignment with the arrival 

angle of  received signal
Error-feedback quantizer

Conclusion

Arrival Angle

Note: Stable ΔΣ modulator can be transformed into 

corresponding error-feedback quantizer

We consider only one-dimension case:

The range is symmetric with respect to arrival angle 0

Received signal at the base station can be modeled as

𝒚 = 𝑎 𝜃 𝒔 + 𝒏

where 𝑎 𝜃  is the steering vector given by

𝑎 𝜃 =
1

𝑁
[1, 𝑒−𝑗

2𝜋𝑑

𝜆
sin 𝜃 , … , 𝑒−𝑗(𝑁−1)

2𝜋𝑑

𝜆
sin(𝜃)] 

Our approach leverages error-feedback quantization to dynamically shape the quantization 

noise in alignment with arrival angle of the received signal

To optimize the system’s performance within a predefined range of arrival angles, we focus 

on maximizing the minimum SNR of the quantized received signal

We formulate design of our quantizer as convex optimization problem

Our numerical results demonstrate that proposed quantizer exhibits robust performance 

across different arrival angles

ONE-BIT QUANTIZATION ROBUST TO ANGLE-OF-ARRIVALS FOR UNIFORM LINEAR ANTENNA ARRAY

Formulation

𝒔 represents signal with 𝜎𝑠
2𝑰 , 𝒏: additive noise 

with covariance matrix 𝜎𝑛
2𝑰 

Our quantization schematic

For Error-feedback quantizer 

𝑅 𝑧  is called noise shaping filter(NSF) 

and can be expressed as

𝑅 𝑧 = 

𝑛=0

𝑛𝑟

𝑟𝑛𝑧−1

No-overloading condition is (an 

overloading occurs when 𝑢𝑛 > 2)



𝑛=0

𝑛𝑟

|𝑟𝑛| ≤ 1

Which is equivalent to



𝑛=1

𝑛𝑟

ഥ𝑟𝑛 ≤ 1 − ҧ𝑟𝑛 ≤ 𝑟𝑛 ≤ ҧ𝑟𝑛, ҧ𝑟𝑛 ≥ 0 for 
𝑛 = 1, … , 𝑛𝑟  

(1)

Our problem can be formulated as

BERs for different arrival angles

Designed quantizer enjoys better performance than conventional ones, 

especially for angle far from center angle
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Original 𝛥𝛴 modulator

uniform quantizer

𝑥𝑛: input

𝑤𝑛: quantization error

𝑣𝑛: output 

𝑢𝑛: input of quantizer
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