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Abstract

This report contains the transition probabilities for the DTMC modeling of the dual and mono

energy harvesting links in [1]. The notations used here assumes the same meaning as defined in [1].

I. PDP OF BATTERYLESS EHNS

For fast fading channels, the PDP is given as

_'YO-’V();FP
P(K) = (1 — pipre  FeoE ) ; (1

where (1), again, is written using (4).
In the case of HARQ-CC, the PDP of dual EH links without energy buffer is given as

K

Po() = - (1) 0" = i), @

m=0
where pp, 1s the probability that the transmitted packet is dropped, when both nodes simul-
taneously harvest energy in exactly m out of the K slots in the current frame. For the slow

fading case, pp,, is given by (6), while for fast fading channels it is given by (2?), with

m

1=7=0my=m, =¥y =m, and L,,=1 V n.

A. Transition Probability Matrix, G, for dual EH links

The probability of transition from state (i, ji,7) to (iz, j2, 5) is G7>° = Pr (Bl =12,Br,

21,71,
- j2; Un+1 =S BZ - il) B:L - j17 Un - T)? where ila 7:2 S {O’ 17 CI) Bfnax}ajl’jQ S {07 17 CII) Bfnax}
and r,s € {—1,0,...,K}. Forr € {0,..., K — 1}, 4y > L, and j; > R, the Gﬁjﬁi is written

as follows
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(

peprPr [ < 0],
Pepr PT [0 = 0]
(L= po)pe Pr v < 0],
(1= pt)pr Pr [vn = 0],

12,J2,8 __ <
11,71,

Pt(l - pr)PT ['Vn < 70] )

pe(1 = pr) Pr[yn > 0],

0,

\

=i — L4+ 1,jo=j1 —R+1,s=r+1,
ig=i1— Lo+ 1,jo=j1 — R+ 1,s=—1,

iy =iy — Lo jo=ji — R+ 1,s=r+1,
ig=i1— Ly, ja=ji— R+1,8=—1,

ip=i1— L+l jo=jh—Rs=r+1,  (3a)

?:2:?:1—L7~—|—1,j2:j1_R,$:—1,

(L—p)(L=p)Priyn <), to=i1—Lyjo=j —R,s=r+1,

(L =p)(1 = pr)Pr[vn = %], d2=141— Lp,jo=051— R, s =—1,

otherwise.

Forr € {0,..., K —1}, L, —1 <4, < L, and j; > R,

(

ptprpr [’yn < 70] 3
pepr P [vn > o]
pe(1 = pr) Pr [y < 0],

G =4 pe(L = p) Pr [ > 0]

(1 - pt)pra
(1= pe)(1 = pr),
0,
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ip=10—L,+1,2=5—R+1,s=r+1,

o=t —L.+1,50=751—R+1,s=—1,

o=t —L,+1,50=751—R,s=r+1,

io=141— Ly +1,jo =751 — R,s = —1, (3b)
l9=11,)2=n+1,s=r,

19 =11,J2 = J1,S =T,

otherwise.

DRAFT



Forre€{0,...,K —1},4; > L. and R—1 < j; <R,

(

PP Pr [ < ), o=t1—L,+1,0=51—R+1,s=r+1,
pepr Pr [vm > 0] ip=1t1— L, +1,jo=51—R+1,s5=-1,

(1_pt),0rPT[’Yn<”}/0], i2:i1_L7‘7j2:jl_R+1775:T+17

Zﬁi =90 =p)pPriym >, t2=i1—Ly,ja=j—R+1,s5=-1, (3¢
pe(1 = pr), ip =11+ 1,jo=J1,s =,
(1 —pe)(1 = p,), log =11,J2 = J1,S =T,
0, otherwise.

\

Forre{0,...,K =1}, Ly =1 <iy < Ly and R—1 < ji <R,
(

oo Pr{vn <vl, te=i1—L,+1,jo=51— L. +1,s=r+1,
PtPrPT [’771 270]7 iQZOaj2:073:_17
- (1—P)Pra i2:i1aj2:j1+177$:r7
G = t (3d)
pt(l_pr)a i2:i1+1,j2:j1,S:T,
(1—p)(A=pr), d2=11,52=71,5=r,

0, otherwise.

\

Forre{0,....,. K—1},0<i1 <L, —20r0<j; <R-2

(Ptpr, =01+ 1Lj=n+1s=m,
(1= pe)pr, g =11,02=n+1s=r,
Zﬁf‘ =11 =p)pr, ip =11+ 1,j2=J1,s =, (3e)
(L=p)(X=pr), d2=11,52=J1,s =T,
\ 0, otherwise.
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For r = —1, %, > 0 and j5; > 0,

(

PtPr =01 +1,j2 =70 +1,s=—1,
(1= pe)pr, o =11,J2 =7 +1,5s=—1,
G;i:;ii = (1 - p’r‘)pta iQ - Z.l + ]-7j2 = jhs = _]-7 (3f)

(1_pt)(]—_p7“)a i2:i17j2:j178:_17

0, otherwise.

\

In (3a) — (3d), Pr[y, < 7] for the slow and the fast Rayleigh fading channels and ARQ is given
as
A R
Poure = Pr[yy < o] =1 —e Lebeod 4)
where N, denotes the power spectral density of the AWGN at the receiver. While for HARQ-CC

with slow fast fading channels it is obtained using ¥; = n in the following equation For slow

fading channels

. 'VONO
pD(Z7j7mt7mT) = Pr [|h|2 < Uy ) )
Zm:l Pm
_ vgNo
= 1l—e “2ZmbaPm (6)

and for fast fading channel it is obtained using ¥; = n in (16) of [2].

The terms in the above transition probability expressions are obtained by considering the events
that need to occur for the particular transition to happen. For e.g., in (3a) transition mentioned
in first case happens if both transmitter and receiver harvest the energy in current slot, and the
decoding failure occurs in current attempt. Note that, in the above, for simplicity, the transition
probabilities are written for infinite buffer size at both transmitter and receiver. However, the

above expressions can be trivially modified for finite battery case.

B. Transition Probability Matrix G,,

The probability of transition from state (i,7) to (j,s) is G{%,,; = Pr(Ba1yx = J, Unt1 =

(m)ij

s|Bykx =1,U, =), where i,5 € {0,1,...,00} and r,s € {—1,0,..., K}.
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Forr€{0,...,K — 1} and i > L,

(

pePr (v < 0],

PePr [vn > 0],

j=it—L.+1,s=r+1,

j=i—L,+1,s=—1,

mi; =y (L= p)Pry <], j=i—Lns=r+1, (72)
(1—pt)P7‘{’}/n>’)/0], j:i_LmS:_l?
\ 0, otherwise.
Forre€{0,..., K —1}and L, — 1 <i < L,,
4
o Pr{vn <vwl, j=i—L.-+1,s=r+1,
/)tPrhnZ’YO]; j:i_LT+178:_17
Gfrsn)ij = (7b)
(1_pt)7 j:i7S:T7
0, otherwise.
\
Forre{0,..., K -1} and 0<i < L, — 2,
Pt j=1+1,s=r,
mi =\ (L=p), G=is=m (7c)
0, otherwise.
For r = —1 and 7 > 0,
Pt j:i—i-l,S:—l,
GEN’S"')U = (1 - pt)7 J= ia s = _17 (7d)
0, otherwise.

In (7a) and (7b), Pr[y, < 7], for ARQ is wri

tten using (4), while for HARQ-CC with slow

fading channels it can be computed using (6) with ¥; = n. For fast fading channels one need

to use (16) in [2] with ¥; = n.
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