
Compression of Complex Baseband LTE Signals 
Jinseok Choi and Brian L. Evans 

In cooperation with Jeonghun Park and Robert W. Heath Jr. 
Wireless Networking and Communications Group,  The University of Texas at Austin 

Motivation 

Project Supported 
by Huawei 

MIMO	
  Antenna	
  
LTE	
  Bandwidth	
  

10MHz	
   20MHz	
  
2	
  x	
  2	
   1.2288	
  Gbps	
   2.4576	
  Gbps	
  

4	
  x	
  2	
  (4	
  x	
  4)	
   2.4578	
  Gbps	
   4.9512	
  Gbps	
  

8	
  x	
  2(8	
  x	
  4,	
  8	
  x	
  8)	
   4.9512	
  Gbps	
   9.8304	
  Gbps	
  

CPRI Data Rates per Sector 

Cloud Radio Access Networks (C-RANs) 
•  Increase energy efficiency vs. traditional RANs 
•  Support growing mobile traffic 
•  Share processing resources in the cloud 
•  Separate remote radio heads (RRHs) and  

baseband processing units (BBUs) 

Common Public Radio Interface (CPRI)  
•  Uses optical fiber link between RRH and BBU 
•  Transports complex-baseband wireless samples 
•  Needs expensive link to support high data rates 
 

Data compression is necessary  
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System Model 
Multi-Antenna Compression (Uplink) 

ym[n] =
TX

t=1

st[n] ⇤ hm,t[n] + vm[n]

•  Received Signals 

m 2 {1, 2, · · · ,Mr}, n 2 {1, 2, 3, · · · }

•  Small cell size & Multi-Antenna RRH  
           Correlated Received Signals 
 

Intuition  “Exploit space-time correlation” 
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IFFT of M-QAM Symbols 

Central Limit Theorem 

•  Signals (I/Q samples) 

Intuition  “Non-Linear Quantization” 

Cloud-RAN Model 
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Single Antenna Compression Multi-Antenna Compression 

Validation & Contribution 1 Validation & Contribution 2 

 

MMSE quantization for Gaussian signals 
Lloyd-Max quantization 

 

5th-order IIR Chebychev Type II filter that 
pushes noise power to the guard band 

Noise shaping filter W antennas 

*Operations in uplink are reciprocal 

Noise Shaping Effect 

[Nieman & Evans, 2013] 

Lloyd-Max Quantization 

•  Minimizes MSE for a probability density function 
•  Derives quantization levels in closed-form 

Noise Shaping 
•  Shapes quantization noise to guard band 
•  Uses recursive error-feedback 
•  Increases SQNR 

Contributions 
•  Achieves 3x compression 
•  Keeps an error vector magnitude (EVM) < 2% 

Limitations 
•  Cannot increase compression rate as the number of antennas increases 

Channel Quality Index (CQI) = 15 
Bandwidth = 5 MHz 
Ped. A Channel 

Channel Quality Index (CQI) = 15 
Bandwidth = 1.4 MHz 
Ped. A Channel 

Principal Component Analysis (PCA) 
•  Low-rank approximation: 
•  Dimensionality reduction:     
      w M is # antennas 
      w L is # users x channel state dimension 
•  SNR gain due to denoising: 
 

Transform Coding with Bit Allocation 
•  Performs individual quantization pi and vi 
•  Minimizes overall weighted mean-squared error 
•  Uses a simple greedy algorithm 

Compression Rates (CR) 

10MHz Channel Bandwidth  w. Ped. A channel model 
4 / 8 Users - 12 / 6 blocks each (total 48/50) 
64-QAM Modulation 
Mr  = 64,  Nb = 1096 (1024 + 72 CP) 

• Achieves 8.0x / 5.0x compression for 64-antenna cases with 4 / 8 users 
• Achieves 6dB / 3 dB SNR gain – EVM improvement 
• Satisfies EVM Requirement for 64-QAM (< 8%) 

Limitations 
• Compression ratio depends on # antennas, # users & channel state dimension 
• Low rank matrix is necessary for high compression ratio 

Contributions 

Ȳ = UL⌃LV
H
L

PL = YVL = UL⌃L

GdB = 10log10
M

L CRBA =
L bSDPL
i=1 bi

2 CN⇥M

•  PCA – Dimension Reduction 

•  Transform Coding – Bit Allocation 

•  Overall Compression Rate  

CRDRBA =
MN bSD

(M +N)
PL

i=1 bi + bQSI

bQSI = L(2bSD + log2bSD) + log2M

*15-Bit Uniform: Non-Compression Case 

6 dB Gain 3 dB Gain 

CRDR =
MN

L(M +N)
M/L

http://users.ece.utexas.edu/~bevans/projects/mimo/index.html 


