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Lattices are codes over the real numbers. 
Network information theory uses nested lattice codes, 
    • Difficult to implement in practice. 
Propose an alternative: “Non nested lattice codes” 
    • Shaping lattice is not a scaled coding lattice, 
    • Show: How to obtain group property, 
    • Show: How to map information.

What I Want to Tell You
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Usefulness of Lattice Codes
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Lattice codes can achieve the capacity of AWGN channel [Erez and Zamir ’04] 
Other information theoretic results using lattices: 
   • Lattices for relay channel e.g. [Song-Devroye ’13] 
   • Two-way (Bidirectional) relay channel e.g. [Wilson et al.] 
   • Compute-forward relaying [Nazer-Gastpar ’11] 
How to construct practical, capacity-approaching lattices?
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Nested Lattice Codes
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Physical Layer Network Coding for 
Bidirectional Relay Channel
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Time Division/Orthogonal
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Network Coding
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w 1 w 2
Phase 2: Broadcast

w 2

Physical Layer Network Coding
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Phase 1: MAC
w 1

Summary 
• Orthogonal: uses 4 time slots 
• Network coding: uses 3 time slots 
• Physical layer network coding: uses 2 time slots
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Bidir Relay Channel: MAC Phase
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z noise
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What Should Lattice Codes Provide?

High coding gain 
• means high error-correcting capability 
High shaping gain 
• AWGN channel wants a Gaussian-like input distribution 
• As n → infinity, Voronoi region of a good lattice becomes sphere-like 
      (and a sphere a Gauassian-like distribution) 
• 1.53 dB “shaping gain” for a sphere 
Lattice codes forms a group 
•Enables physical-layer network coding 
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So What is the Problem?

✅ Already many lattices with high coding gain  

    Construction A, D; LDLC, etc. 

    dimension n = 1,000 to 100,000 no problem! 

Nested lattice codes:                  dimension is the same 

Shaping requires performing quantization 

❌ Quantization in high dimension is very complicated 
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This is the Solution
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Quotient Groups Based on Lattices
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Sufficient Conditions to form a Group
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Finding a Basis Suitable for Encoding
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linearly dependent
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Indexing lattice codewords is not as easy as I thought 
    • Perform a basis change.    
    • Need to know necessary/sufficient conditions 

Application Scenario: 
    • Coding lattice: LDLC with n = 10000 
    • Shaping lattice like E8 or Leech 

Conclusion 
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LDLCs: 0.65 dB Gain Over Hypercube
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Hypercube shaping [7]

Nested lattice shaping |7]

Proposed shaping

Uniform input capacity

AWGN capacity

0.4 dB

0.65dB

0.15 dB better than  
self-similar shaping  
(using M-algorithm) 
and much lower complexity
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