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Two-way Relay Channel (TWRC)

 Terminals Ta and Tb want to establish a bidirectional communication
 The direct channels between terminal Ta and Tb are unavailable

Tr

Ta Tb

har

hrb

hbr

hrb

The bidirectional communication fully relies on the 
help of the relay terminal Tr

Relay

User User
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Two-way Relay Channel (TWRC)
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Wireless channel:

Design of relaying techniques exploiting these properties

Relay

User User
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Basic relaying strategies

 Decode-and-Forward (DF): the relay decodes users 
messages.
 Pro: Denoising by decoding messages.
 Con: Possible bottleneck at the relay.
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Basic relaying strategies

 DF: Decoding of the users’ messages at the relay may 
create bottleneck, but is useful to denoise.

 AF, CF: No decoding no bottleneck, but no denoising.
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Basic relaying strategies

Structured (Lattice) codes
[Narayanan ’07, Nam ’08, Nazer ’08]

Can a strategy denoise while not creating a 
bottleneck by fully decoding?
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 DF: Decoding of the users’ messages at the relay may 
create bottleneck, but is useful to denoise.

 AF, CF: No decoding no bottleneck, but no denoising.
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Lattice codes principle

Superposition property of the 
wireless channel

The two users’ codewords get 
summed to the relay
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Lattice codes principle

Superposition property of the 
wireless channel

The relay can decode the combined 
message instead single messages

Denoising without full 
decoding

The two users’ codewords get 
summed to the relay

The sum of two codewords is 
still a codeword of the lattice 

(group property)
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Previous work

 Most previous work on the TWRC is based on AWGN 
channels

 CF  ½bit to the capacity of the symmetric AWGN TWRC 
[Gunduz ’08]

  CF  3/2 bits for general AWGN TWRC [Avestimehr ‘08]

 Lattice codes  ½bit to the capacity of the general AWGN 
TWRC (Narayanan ’07, Nam ‘08)

 Block-fading channels with type-I ARQ

 single user detection-DF and AF with uncoded transmissions 
[Popovski ’06]
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Setting and requirements

TrTa Tb
har

hrb

hbr

hrb

 Links subject to outage (Block Rayleigh fading)
 Non symmetric TWRC
 Reliable communication without concerns about delays
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Setting and requirements

TrTa Tb
har

hrb

hbr

hrb

Type-I HARQ

Copacity-achieving codes

Retransmission of copies 
of the codewords

Questions: what is the maximum throughput? How 
can it be approached?

“Memoryless” decoding

 Links subject to outage (Block Rayleigh fading)
 Non symmetric TWRC
 Reliable communication without concerns about delays

8/30



Iannello and SimeoneCenter for Wireless Communication and Signal Processing Research (NJIT)

Throughput Analysis of Type-I HARQ Strategies in Two-Way Relay Channels

Contributions of the paper

 Find an Upper Bound (UB) on the sum-throughput

 Achievable sum-throughputs with
 AF
 DF (single and multiple user decoding)
 Lattice

 Numerical results
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Problem statement

 Block Rayleigh fading.

 Time is slotted (with fixed duration of the time slot).

 Average power constraint on the transmitted signal.

 Users with infinite backlogs of data intended for the other user.

 The relay has no message to transmit of its own.

 Decoding at the nodes based only on the current (re)transmission.

 No combination of different packets of the same user is allowed.

TrTa Tb
har

hrb

hbr

hrb
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Throughput definition

][mI j : the destination Ti decodes a packet from Tj during 
time slot m,    , with{ }baji ,, ∈ ji ≠

  

iR : transmission rate of terminal Ti (fixed)  

 Long term sum-throughput
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Upper Bound for the sum-throughput
 Upper bound for type-I HARQ

 Enhanced system: each user operates without interference
 In the enhanced system, decode-and-forward (multihop) with 

Gaussian codebooks is optimal.

Ta Tr Tb

1-pout,ar 1-pout,rb
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 Outage probabilities:

Pi : SNR
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Protocols

 We combine the basic relaying techniques (DF, AF and 
lattice) with type-I HARQ protocols.

 All the proposed protocols are based on the state of the 
relay’s buffer [Popovski ’06].
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Protocols

 We combine the basic relaying techniques (DF, AF and 
lattice) with type-I HARQ protocols.

 All the proposed protocols are based on the state of the 
relay’s buffer [Popovski ’06].

 Analysis of the throughput using Markov chains.

Proposed schemes

AF-based DF-based Lattice-based

Single decoding 
DF (SDF)

Joint decoding 
DF (JDF)

Markov protocols
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AF-based scheme: protocol

 Even time slots:
 Both users transmit (or eventually retransmit) simultaneously a 

message for the other user

Ta Tr Tb

Xa Xb
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AF-based scheme: protocol

 Even time slots:
 Both users transmit (or eventually retransmit) simultaneously a 

message for the other user

Ta Tr Tb

Xa Xb

Ta Tr Tb

Xr Xr

 Odd time slots:
 The relay transmits the amplified version of the signal 

received during the previous even time slot
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AF-based scheme: throughput

Ta Tr Tb

1-pout,b

1-pout,a
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AF-based scheme: throughput

2/)1( ,bouta pI −=
2/)1( ,aoutb pI −=

Indicator variables:

Ta Tr Tb

1-pout,b

1-pout,a
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AF-based scheme: throughput
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Outage probabilities [Laneman ‘04]:
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DF-based schemes

Joint user decoding Decode-
and-Forward (JDF)
 Users can transmit 

simultaneously
 The can relay perform 

joint detection

DF-based schemes:

Single user decoding Decode-
and-Forward (SDF)
 Users cannot transmit 

simultaneously
 The relay performs only 

single user detection
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SDF-based scheme: protocol

S0 Br ={}Ta Tr Tb

State BufferAction

Xa
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Ta Tr Br ={Wa}Tb

Ta Tr Tb

State BufferAction

Xa

Xb Wa
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Sa
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Ta Tr
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Ta Tr Br ={Wa}Tb

Sb Br ={Wb}

Ta Tr Tb

State BufferAction

Xa
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Wa
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SDF-based scheme: protocol

Sa

S0

Ta Tr

Br ={}

Tb

Ta Tr Br ={Wa}Tb

Sb Br ={Wb}

Sab Ta Tr Br ={Wa, Wb}Tb

Ta Tr Tb

State BufferAction

Xa

Xr

Xb

Xa

Wa

Wb

Wa

Wb

Xr

Xr=f(Wa,Wb)
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SDF-based scheme: throughput analysis
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SDF-based scheme: throughput analysis
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JDF-based scheme: protocol

S0 Br ={}Ta Tr Tb

State BufferAction

Xa Xb

MAC
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Xr=f(Wa,Wb)
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JDF-based scheme: throughput analysis
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JDF: outage probabilities [Narasimhan ’07]

 JDF MAC – common outage:
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 JDF MAC – single user outage:
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 JDF MAC – succesfull joint decoding:
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Lattice-based scheme: protocol

S0 Br ={}
Ta Tr Tb

State BufferAction

Xa Xb

MAC

Whenever users transmit they do that simultaneously and pre-compensate 
for different fading phases (transmit CSI) to operate as in [Nam ’08].
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Lattice-based scheme: protocol

S0 Br ={}

Sab Ta Tr Br ={Wc}Tb

Ta Tr Tb

State BufferAction

Xa

Xr

Wc

Xr

Xb

MAC

The relay keeps transmitting the same codeword till both users 
correctly decode. The destination can decode the other user’s 

message thanks to the side information.

Whenever users transmit they do that simultaneously and pre-compensate 
for different fading phases (transmit CSI) to operate as in [Nam ’08].

Xr=f(Wc)
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Lattice-based throughput analysis
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Lattice-based throughput analysis
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Lattice-based outage probability
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[ ] },0max{ xx =+Where

24/30



Iannello and SimeoneCenter for Wireless Communication and Signal Processing Research (NJIT)

Throughput Analysis of Type-I HARQ Strategies in Two-Way Relay Channels

Numerical results for the symmetric TWRC
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Numerical results for the symmetric TWRC
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Numerical results for the symmetric TWRC
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Numerical results for the symmetric TWRC
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Conclusion

 Analysis of Type-I HARQ strategies combined 
with different relaying techniques (AF, DF, 
Lattice)

 There is no a scheme performing better than the 
others in all the regimes

 Lattice-based scheme outperforms the others 
scheme in some regimes
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Thank you

30/30



Iannello and SimeoneCenter for Wireless Communication and Signal Processing Research (NJIT)

Throughput Analysis of Type-I HARQ Strategies in Two-Way Relay Channels

CSI requirements

 AF: 
 Relay: no CSI
 Users: Receive CSI (product channel)

 DF: 
 Relay and Users: Receive CSI

 Lattice-based: 
 Relay: receive CSI
 Users: transmit and receive CSI

Extra
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