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Two-Way Multi-Relay Networks with Network Coding

 Relay cooperation protocol:
Amplify-and-Forward (AF), Space-Time Network Coding (STNC)

 Channel assumptions:
 Quasi-static and Rayleigh flat fading, 

 Channels are reciprocal

 All nodes are half-duplex.

A B

har1 R1

R2

MA

BC

har2

hbr1

hbr2



4/32Wei Li –Diversity Analysis for Two-Way Multi-Relay Networks with Stochastic Energy Harvesting 12/15/2015

Transmission Protocol with STNC (MA Phase)

MA Phase
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Space Time Network Coding:

It meets full diversity criterion and 

minimum product criterion.
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Transmission Protocol with STNC (BC Phase)
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Instant Pairwise Error Propability (PEP)

Observing                  , Source A exploits MLD method to jointly decode    

Instant PEP (pairwise error probability) of Source A for one channel realization
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Markov Decision Process with Stochastic Models

 State space

solar power state subspace:

channel state subspace:

battery state subspace:

 Relay action space     

 Reward function

Conditional PEP, i.e., the PEP conditioned on a fixed system state and relay 

action
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Stochastic Solar Power Model

Ne-state Gaussian mixture hidden Markov model

solar power per unit area:    , , 0,1, , 1H e e E eP e N    

solar state transition probability:  |E E ijP S j S i a  

Ref: M.-L. Ku, Y. Chen, and K. J. R. Liu, “Data-Driven Stochastic Transmission Policies for Energy

Harvesting Sensor Communications,” IEEE J. Select. Areas Commun., vol. 33, no. 8, pp. 1505-1520, Aug.

2015.
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Harvested Energy Storage

 Harvesting-store-and-use (HSU) protocol

 Quantization model

basic transmission power: 

one basic energy quantum: 

harvested energy during one policy period T: 

EH probability in terms of the number of harvested energy quanta:
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Battery State

 Available energy quanta in the relay battery:

 Battery transition model:

 Battery state transition probability under the solar state and relay 

action 
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Ref: M.-L. Ku, Y. Chen, and K. J. R. Liu, “Data-Driven Stochastic Transmission Policies for Energy

Harvesting Sensor Communications,” IEEE J. Select. Areas Commun., vol. 33, no. 8, pp. 1505-1520, Aug.

2015.
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Channel State

 Nc-state Markov chain

 Channel state stationary probability

 Channel state transition probability
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Ref: H. S. Wang and N. Moayeri, “Finite-State Markov Channel-A Useful Model for Radio

Communication Channels,” IEEE Trans. Wireless Commun., vol. 44, no. 1, pp. 163-171, Feb. 1995.
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System States

 System state transition probability
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Reward Function

Conditional PEP: 

the PEP conditioned on a fixed system state and relay action
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Asymptotic Approximations of Reward Function
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Optimization of Relay Transmission Policy

Define the policy                      as the relay action in the state s

the expected discount long-term reward

the optimal policy can be found through the Bellman equation

the well-known value iteration approach can be applied to find the optimal policy
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Non-Conservative Property of Optimal Relay 

Transmission Policy 

Long term value of State s in the i-th iteration:

The difference between the long-tem values of the two relay action:

Thus, the optimal action：

We have：
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Expected Reward Analysis

Expected reward w.r.t. the optimal policy:

The asymptotic approximations of PEP w.r.t. the optimal policy:
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Diversity Order 
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Simulation Results
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Simulation Results of Optimal PEP
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Thank you!


