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Abstract

Recent trends in wireless communications motivate the model of a multiple-input multiple-output
(MIMO) three-way channel (3WC) with an intermittent node. We study its degrees-of-freedom
(DoF) region and sum-DoF. We devise a non-adaptive encoding scheme and show its DoF re-
gion (and thus sum-DoF) optimality for non-intermittent 3WCs and its sum-DoF optimality for
node-intermittent 3WCs. However, we show by counterexample that adaptive encoding is neces-
sary to achieve the DoF region of node-intermittent 3WCs.

Introduction

(D2D-scenario with 1 BS and 2 UEs)

Trends in Wireless
•Higher frequencies (mmWave)
→ Valuable but fragile line-of-sight
• Local communication (IoT, D2D, caching)
•Multiple antennas (MIMO)
• Interference-limited systems

Implications for Channel Models

: Intermittency as channel impairment
:Degrees-of-freedom (DoF) perspective
:Multi-way/device-to-device scenarios

Research Questions
• DoF region D? • Sum-DoF dsum? • Necessity of adaptive encoding?

Contributions — [1] [2]

• Sum-DoF of node-int. MIMO 3WC: dNI
sum = 2τ min{M2,M3}+2τ mid{M1,M2,M3}

:Non-adaptive encoding suffices mid{} , “middle value”

•Necessity of adaptive encoding for DoF region of node-int. MIMO 3WC DNI:
−Converses on DNI (adaptive) and DNI

!adapt (non-adaptive)
− Adaptive encoding scheme that achieves a ddd 6∈DNI

!adapt, ergo DNI \DNI
!adapt 6= /0

: Adaptive encoding is necessary
•DoF region D /0I of non-int. MIMO 3WC, M1 ≥M2 ≥M3 (wlog):

max{d12+d13+d23,d12+d13+d32} ≤M1

max{d21+d31+d32,d21+d31+d23} ≤M1

max{d21+d13+d23,d12+d31+d32} ≤M2

max{d31+d32,d13+d23} ≤M3

min{d12,d13,d21,d23,d31,d32} ≥ 0

:Non-adaptive encoding suffices

System Model
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Ŵ23

1

32

WWW 1 =

{ M1

M2 M3

ZZZ1

ZZZ3

ZZZ2

S
S

HHH32

HHH31

HHH21

HHH23

HHH13HHH12

XXX1YYY 1

XXX3YYY 2

XXX2 YYY 3

∀ time instances ` : YYY 1,` = S`HHH21XXX2,`+S`HHH31XXX3,`+ZZZ1,` (analogous for YYY 2,` and YYY 3,`)

•Numbers of RX/TX antennas: M1, M2, M3
• Intermittency state sequence Sn known causally: S` ∼ Bern(τ),τ , 1− τ

•Gains HHH i j known a priori • ZZZi,` ∼ CN (000,σ2IIIMi), ∑
n
`=1E[‖XXX i,`‖2

2]≤ nP, SNR ρ , P
σ2

•DoFs di j , limsupρ→∞

Ri j(ρ)

log(ρ)
•Non-adaptive encoding: xxxi,` = Ei,`(wwwi) • Adaptive encoding: xxxi,` = Ei,`(wwwi,yyyi,1, . . . ,yyyi,`−1)
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Converses Example for M1 ≥M2 ≥M3
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Partition the sum-DoF: dsum = d13+d23+d21+d12+d32+d31

Genie-aided converse bounds:
• Enable 3 to act like 1 and decode W21
• Enable 2 to act like 1 and decode W31

Side information required at 3 :
• Enable decoding: W12
•Compensate antenna size: ỸYY 3,` , S`(H̃HH23XXX2,`+ Z̃ZZ3,`) → stack YYY n

3 and ỸYY n
3 → ŶYY

n
3

•Noise correction: ZZZcorr,` , ZZZ1,`−S`(HHH21ĤHH
−1
23 ẐZZ3,`)

◦Compensate intermittency

Iteratively recover yyy1,` for `= 1, ...,n using side information w12, ỹyyn
3, zzzn

corr, then decode ŵ21:

sn,www3,yyyn
3
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ŵ23, ŵ13

Enc. E1,`
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Cancel xxx1,`
xxx1,`

Invert`++

HHH23xxx2,`+ zzz3,`

ỹyy3,`

Combine

xxx2,`+ ĤHH
−1
23 ẑzz3,`, if s` = 1

Enc. E3,`

xxx3,`

Dec. F1 yyy1,`
ŵ21

zzzcorr,`

n(R13+R23+R21− εn)≤ I(W13W23W21;WWW 3YYY n
3SnW12ỸYY

n
3ZZZn

corr)≤ ...

=
n

∑
`=1

[
I(XXX1,`XXX2,`;ŶYY 3,` | S`)+ I(ZZZcorr,`; ẐZZ3,` | S`)

]
≤ n(τM2+ τM3) log(ρ)+o{log(ρ)}

d13+d23+d21 ≤ τM2+ τM3

Achievability Example for M1 ≥M2 ≥M3

Node 1

Node 2 Node 3

TX

RX τ

τ

TX

RX τ

τ

TX

RX τ

τ

Z12 Z13 IA12 IA13

Z12 Z13IA12 IA12IA13 IA13

Z21 IA21 IA23

Z21 IA21

IA21

IA21

IA23

IA23

IA23

IA31 IA32

IA31

IA31

IA31IA32

IA32

IA32

• ZFi j: dim. of i → j sent
using zero-forcing
• IAi j: dim. of i → j sent

using interfer.-alignm. [3]
: System of inequal. in di j

: Achievable Dachiev: Fouri-
er-Motzkin elimination

: Achievable dsum,achiev: lin-
ear programming

DoF Region Counterexample

Let M1 ≥M2 ≥M3, τM2 ≥M3:

1 τ

τ
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13w31 ŵ31

Converse (non-adaptive encoding):

n(R31− εn)≤ I(W31;WWW 1YYY n
1SnWWW 2)

... (using xxxn
2 = E n

2 (www2))
≤ nτM3 log(ρ)+o{log(ρ)}

d31 ≤ τM3

Achievability (adaptive encoding):

Multi-hop relaying 3 → 2 → 1 , backwards de-
coding/successive interference canc. at 1

d31 = M3

Conclusion
• The presented non-adaptive encoding scheme ...

... achieves dNI
sum = dsum,achiev of the node-intermittent channel

... achieves D /0I = Dachiev of the non-intermittent channel
:Non-adaptive encoding suffices for dNI

sum and D /0I

... constitutes an inner bound Dachiev ⊂DNI for the node-intermittent channel
• But any non-adaptive scheme provides only a strict inner bound for DNI

: Adaptive encoding is necessary to achieve DNI


