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Abstract

For provisioning reliable data transmission, the 3GPP RLC specification adopted a selective-repeat ARQ scheme assisted
by a window-based admission control scheme. In the 3GPP ARQ, which is a member of the selective-repeat ARQ clan,
inheres the reordering problem. A long and irregular reordering time results in the degradation of throughput and delay
performance, and may incur the overflow of the recrdering buffer. Furthermore, the reordering time must be regulated to
meet the requirements of some services which are loss-sensitive and delay-sensitive as well. Perceiving the reordering
hazard, we propose an alternative, identified as snowball scheme, to the original admission control scheme of the 3GPP
ARQ with aiming at deflating the occupancy of the reordering buffer. A unique feature of the snowball scheme is to reject
a new DATA PDU if it is non-adjacent to any DATA PDU sojourning at the reordering buffer. Such an intentional
rejection apparently reduces the occupancy of the reordering buffer while it may deteriorate the throughput and delay
performance. Developing an analytical approximation method, we investigate the effect of snowball scheme on the saturated
occupancy and throughput. Also, we, using a simulation method, evaluate the peak occupancy, normalized throughput and
average delay in the practical environment. From the simulation results, we reveal that the snowball scheme is able to
enhance occupancy performance as well as throughput performance compared with the original admission control scheme
of the 3GPP ARQ.
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division multiple access (W-CDMA) technologies.
Since then, the 3GPP has released a number of
specifications including radio link control (RLC)
specification.

For provisioning reliable data transmission, the
3GPP RLC specification adopted a selective-repeat
automatic repeat request (ARQ) scheme assisted by a
window-based admission control scheme™. In the
3GPP ARQ, the transmitting station (TS) sends
DATA PDU's and the receiving station (RS) returns
STATUS PDU'’s as acknowledgements. Then, the TS
sends the negatively acknowledged DATA PDU’s
again according to a selective-repeat ARQ. In the
3GPP ARQ, a window is formed at the RS so that a
DATA PDU is rejected at the RS if its sequence
nurnber does not belong to the current window. (Note
that a long-term evolution is being defined in
3GPP™, While a hybrid ARQ scheme is introduced at
the MAC layer, the ARQ scheme defined by RLC
specification is fundamentally unchanged in the
long-term evolution.) The 3GPP ARQ, which is a
member of the selective-repeat ARQ clan, inheres the
reordering problem. A long and irregular reordering
time results in the degradation of throughput and

delay performance, and may incur the overflow of the
[3]

reordering buffer™. Furthermore, the reordering time
- must be regulated to meet the requirements of some
services which are both loss-sensitive and

delay-sensitive[4].

Perceiving the reordering hazard, we propose an
alternative, identified as snowball scheme, to the
original admission control scheme of the 3GPP ARQ
with aiming at deflating the occupancy of the
reordering buffer. A unique feature of the snowball
scheme is to reject a new DATA PDU if it is
non-adjacent to any DATA PDU sojourning at the
reordering buffer. Once a DATA: PDU is admitted,
adjacent DATA PDU’s are gathered around the
DATA PDU. Such a group of DATA PDU's grows
like a snowball until it vanishes as all the DATA
PDU’s of the group depart from the reordering
butfer. Compared with the original admission control
scheme of the 3GPP ARQ, the snowball scheme
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apparently reduces the occupancy of the reordering
buffer by intentionally rejecting a non-adjacent
DATA PDU. The intentional rejection of such a
DATA PDU, however, leads to the refransmission of
the DATA PDU, which may deteriorates the
throughput and delay performance.

To evaluate the snowball scheme, we first adopt a
Markov approximation on the occupancy of the
reordering buffer, and develop an analytical method
for calculating the occupancy distribution and
throughput in the saturated environment. Secondly,
assuming a practical environment, we investigate the
peak occupancy, normalized throughput and average
delay of the snowball and original schemes by using
a simulation method.

In section II, we describe the algorithm of the
snowball admission control scheme. In section HI, we
present an analytical method to calculate occupancy
distribution the saturated
environment. Section IV is devoted to simulation
results demonstrating the of the
snowball scheme in comparison with the original
admission control scheme of the 3GPP ARQ.

and throughput in

performance

II. Algorithm
The 3GPP ARQ employs a window-based
admission control scheme for regulating the

occupancy of the reordering buffer. We propose an
alternative, identified as snowball scheme, to the
original admission control scheme. In this section, we
first review the original scheme of the 3GPP ARQ
and then describe the algorithm of the snowball

scheme.

1. 3GPP ARQ

In the 3GPP ARQ, the TS is logically equipped
with entry and re-entry buffers, When a new DATA
PDU arrives at the TS, the TS immediately stores
the DATA PDU at the bottom of the entry buffer
and endows it with a sequence number. When the
TS receives a STATUS PDU from the RS, the TS
identifies negatively acknowledged DATA PDU's.



20079 8 MAEES =EX H 4 A TCHAH 8 &

Then, the TS sequentially stores these DATA PDU’s
at the bottom of the re-entry buffer. When the TS is
ready to send a DATA PDU, the TS chooses a
DATA PDU from either entry buffer or re-entry
buffer. The DATA PDU’s at the re-entry buffer are
always granted higher priority over the ones at the
entry buffer. Thus, the TS chooses the DATA PDU
at the head of the entry buffer only when the
re—entry buffer is empty.

Upon reception of a DATA PDU, the RS inspects

the DATA PDU for errors. If the RS detects no error
on the DATA PDU, the RS attains the sequence
number of the DATA PDU. A time-varying set (of
the sequence numbers) of DATA PDU'’s, designated
as window, is formed at the RS. Suppose that W is
prescribed for the window size. At time t€ (0,00),
let M(t)+1 be the sequence number of the DATA
PDU that the RS expects to receive. Then, the
window at time ¢ is defined as

wit) = {M@)+1,--, M)+ W}. (1)

Suppose that the RS receives a DATA PDU at
time t. Assume that no error is detected on the
DATA PDU and the sequence number of the DATA
PDU is identified as k. Then, the DATA PDU of
sequence number k is either admitted or rejected
according to an admission control scheme. Let O(t)
denote the set (of the sequence numbers) of DATA
PDU’s which reside in the reordering buffer at time
t. Hereafter, we call O(t) the occupant set. If the
DATA PDU is admitted, the occupant set may be
changed to O(t+ At). Also, the window may be
updated to W(t+ At). The receiving station records
the list of currently admitted DATA PDU’s on a
STATUS PDU. Through the reverse channel, the
station then STATUS PDU’s

receiving sends

periodically.

2. Original Admission Control Scheme
At time ¢, suppose that the RS receives the DATA
PDU of sequence number k& and detects no error on

it. Then, the original admission control scheme
simply admits the DATA PDU if k£ belongs to the
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window WA(t). Otherwise, the DATA PDU is
rejected. The details of the original scheme is as
follows:

(1) Suppose that k={1,---,M(t)}. Then the DATA
PDU is rejected.

(2) Suppose that k= M(t)+1 and M(t)+2€ O(t).
Then the DATA PDU is admitted. Define

i =max{jE{2, -, W}

M)+ 2, , M(¢)+ 5} Ot)} 2

Then, the window is updated to WAt + At) such
that M(t+ At)= M(t)+j . The occupant set is
also changed to O(t+ At) = O(t)\ {1,--,5"}.
(3) Suppose that k= M(t)+1 and M(t)+2& O).
Then, the DATA PDU is admitted. The window
updated to  WAt+ At) such  that
M(t+ At)= M(t)+1. However, the occupant
set is not changed, ie. O(t+ At)= O(t).
Suppose k= {M(t)+2,---, M)+ W\ O@).
Then, the DATA PDU is admitted. The window
is not updated, ie. W(t+ At)= W(t). However,
the occupant set
O(t+ At)= O(t) U {k}.
(5) Suppose that k< O(t). Then, the DATA PDU is
rejected.
Suppose kE{M(t)+ W+1,M{E)+ W+2,---}.
Then, the DATA PDU is rejected.

is

(4)

1s changed to

©

3. Snowball Admission Control Scheme

A DATA PDU of sequence number &, is said to
be adjacent to a DATA PDU of sequence number k,
if k, is equal to either ky—1 or ky+ 1. At time ¢,
suppose that the RS receives the DATA PDU of
sequence number k and detects no error on it. Then,
the snowball admission control scheme admits the
DATA PDU only if k belongs to the window WA(¢)
and the DATA PDU is adjacent to a DATA PDU
belonging to the occupant set O(t). Otherwise, the
DATA PDU is rejected. As a result, there remains
only one occupant set, if any, which consists of
adjacent DATA PDU’s. Such an occupant set grows
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like a snowball until it vanishes as all the DATA
PDU’s belonging to it depart together from the
reordering buffer. For describing the details of the
snowball scheme, we introduce two variables L(t)
and H(t), which denote the lowest and highest
set O(t),

sequence numbers in the occupant

respectively, if O(t)#@ .
(1) Suppose that O(t) = @ .
(1) I ke{1,---,M(t)}, the DATA PDU is

rejected.
(12) I k=M@E)+1, the DATA PDU is
admitted. The window is wupdated to

W(t+ At) such that M(t+ At) = M(t)+1.
However, the occupant set is not changed.
(13) If ke{M@t)+2, -, Mt)+ W}, the DATA
PDU is admitted. The window is not updated.
However, the occupant set is changed to
Ot+At)=1{k} where .L(t+At)=H(t+At)

=k

I ks{Mt)+ W+1,Mt)+ W+2,---},
the DATA PDU is rejected.

(2) Suppose that O(t)# 3. .

21 If keA{1,---,M(t)}, the DATA PDU is

rejected. '

(22) ¥ k=M(@t)+1 and L(t)= M(t)+2, the
DATA PDU is admitted The window is
updated to WAt+At) such that M{t+ At)
=H(t)+1. The occupant set is also changed
to Ot+ At)=o.

If k= M(t)+1 and Lit)e
{M(t)+3,---,M(t)+ W}, the DATA PDU
is admitted. The window 1is updated to
W(t+ At) such that M(t+ At)= M(t)+1.
However, the occupant set is not changed.

If k=L{t)—1 and Lt)e
{M(t) +3,-,M(t) + W}, the DATA PDU is
admitted. The window not updated.
However, the occupant set is changed to
O(t+ At) such that L({t+At)=L{t)—1
and H(t+ At)= H(t).

If k=H(t)+1 and
{M@)+2,---, M)+ W—1},

(1.4)

(2.3)

(24)

18

(25) H(t)e

the DATA
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PDU is admitted. The window is not updated.
However, the occupant set is changed to
O(t+ At) such that L(t+ At)= L(t) and
Hit+At)=H(t)+1.

26) If ke{Mt)+ W+1,Mt)+ W+2,---},
the DATA PDU is rejected.

1. Analysis of Saturated Occupancy and
Throughput

In this section, we analytically calculate the
occupancy distribution and throughput induced by
each of snowball and original admission control
schemes when the TS is saturated with DATA
PDU’s.

1. Environment for Analysis

For the analysis of occupancy and throughput, we
assume the following environment: The TS is
saturated with DATA PDU’s, ie. it always has
infinite number of DATA PDU's to send. Time is
slotted. Let 7 denote the slot duration time. Through
the Bernoulli
independently occur in each slot identically with
probability €, the TS sends a DATA PDU in every
slot. Once the RS receives a DATA PDU, the RS
perfectly detects errors, if any. The length of the
status report period is equal to the slot duration time.
At the end of each slot, the RS thus constructs a
STATUS PDU, which is sent to the TS via the
noiseless reverse channel. Also, both of the STATUS
PDU transmission time and the propagation delay
between the TS and RS are negligibly short. Thus,
as soon as a STATUS PDU is sent by the RS, it is
immediately transferred to the TS. Consequently, the
TS acquires the result of the attempt on DATA PDU
delivery at the end of the same slot in which the TS
has sent the DATA PDU. After reading a STATUS
PDU, the TS chooses a DATA PDU to send in the

next slot according to a random selection discipline,

forward channel, where errors

ie. the TS equally likely selects one among the
unacknowledged DATA PDU’s belonging to the
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window. Note that the TS chooses a DATA PDU
according to a FCFS discipline (rather than such a
random selection discipline) in the 3GPP ARQ. The
- random selection discipline is only employed to
clearly demonstrate the effect of the snowball scheme
on the occupancy and throughput performance.

2. Markov Approximation

Recall that W denotes the window size. Noting
that the RS can have at most W—1 DATA PDU’s
the

in the reordering buffer, we then model

reordering buffer as a structure in which W rooms

are arrayed. At the start of the nth slot, the window
WMn—1)7) = {M({(n—1)1)+1, -, M((n—1)7) + W}.
In the model of the reordering buffer, the jth room is
either occupied already by the DATA PDU of
sequence number M({n— 1))+ j or reserved for it.

Let ¥€{0,1} represent the occupancy state of
the jth room at the start of the nth slot such that
the jth room is occupied by a DATA PDU if
Y =1 while it is vacant if ¥¥'=0. In the nth
slot, a DATA PDU is selected only depending on the
value of Y, and sent through the Bernoulli forward
channel. Thus, {(¥V,-, ¥ "), n= 1,2, } s
apparently a Markov chain on the state space
Sy={0}x{0,1} W=1 " Theoretically,
calculate the transition probability function and obtain
the steady state distribution for the Markov chain,
However,

we can

the size of the staie space increases
exponentially as the window size increases. For a
large window size, the computation of the steady
state distribution is thus an almost intractable
problem.

intractability,
following Markov approximation for the sake of

Perceiving the we propose the

exactness: Define

W
Xn = Z[{Yy)= 1} (3)

i=1

for nE{1,2,---}. Note that X, represents the
number of rooms occupied by DATA PDU's. Then,

(801)
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{X,;n=1,2,--} is a chain on the state space
Sy={0,---, W—1}. From (3), we easily find a map
from Sy to Sy such that state {j} In Sy

corresponds to as many as (WJ_ 1) states in Sy.

Suppose that sojourns uniformly in the

corresponding (

{j}< Sx. Then, {X,,n=1,2,--} is a homogeneous

Y,
Wj— 1) states when X, lies in state
Markov chain.

In figures 1 and 2, we illustrate the assumption of
uniform sojourn when the window size W is 3.
These figures show the state transition diagrams of
the chains {¥,,n=1,2,--} and {X,,n=1,2,-},
respectively. The states {(010)} and {(001)} in
figure 1 correspond to the state {1} in figure 2.
Under the of  uniform
{X,,n=1,2,-~-} is a homogeneous Markov chain
with transition probability function p such that

assumption sojourn,

p(1,0) = 4((010),(000))
p(1,1) = T4((010),(010))+ 5((001),(010))

+

o |

q((001),(001))

p(1,2) = +4((010),(011)) + 54((001), (011)) (@)

4(011)4000y)

4((010),(000))

4({000).(010)} 4((010).(01 1))

00101 )

((000),(090)) 4({010),0010))

q{(001),(010%)

q(f11)0011))

4((000)(010)

oo B

4((001),(001))
28 1. {Y,,n=1,2,---}2 state diagram
Fig. 1. State diagram of {¥,,n=1,2,--}.
P20
ALY
0 _[ 8%} E 1 A‘J] A12) r 2
L) ALD A22)

a8 20 {X,,n=1,2,---}2 state diagram
Fig. 2. State diagram of {X,,n=1,2,-}.
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3. Analysis of Original Admission Control
Scheme

Suppose that X, =i€{0,---, W— 2}, ie. i rooms
are occupied at the start of the nth slot. Note that
the window W((n—1)7)={M((n—1)7)+1,-,
M((n—1)r)+ W} at the start of the nth slot.
Then, the TS chooses a DATA PDU among the
W—i candidates in the window and sends it in the
nth slot. Suppose that the sequence number of the
DATA PDU is k. If the DATA PDU is not the
DATA PDU destined to occupy the- first room, (e.
k= M{(n—1)7)+1), then the DATA PDU is
stored at the reordering buffer hence X, ,, =i+1.
Otherwise, X, ., =j{0,---,4} provided that all
the i—j rooms from the 2nd to the (i—j+1)st
room are occupied at the start of the nth slot. There
( W—i+j— 2)

are ways to occupy ¢—j rooms

from the 2nd to the (i — j+ 1)st room while ¢ rooms
are occupied. Also, the probability that the TS
chooses the DATA PDU of sequence number

1 .
T Noting the

assumption of uniform sojourn, we calculate the

M({(n—1)r)+1 is equal to

transition probability function p of the homogeneous
Markov chain {X,,n=1,2,---} as follows:

1 1

po(i,0) = (_VV——_I)W(I —€)
i
W~z‘-fj—2)
Poling) = (W’_ ] ——(1-¢)
i
polii) = WW—/iII Wl__z.(l—e)-i-e
polisi+1)= 2= =La- o) ®)

for i€{0,---, W—1} and jE{1,---,i—1}. Since
the state space Sy is finite, there exists a stationary
mass, which is also the steady state mass. Let g,

denote the steady state mass. From the stationary
then calculate g,(j)
j€{0,---, W~1} numerically. In table

equations, we for

1, we
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compare the exact and approximate steady state
masses for the number of rooms occupied in the
reordering buffer. From this comparison, we observe
that the
assumption of uniform sojourn produces a precise

Markov approximation based on the

steady state mass for the number of occupied rooms.

When the TS is saturated, we employ the peak
occupancy and normalized throughput as performance
measures. First, the peak occupancy is defined as the
99th percentile of the occupancy distribution at steady
state. Let (g denote the peak occupancy incurred by
the original admission control scheme. Then, ¢, is

expressed as

(o =min{m&{0,---, W—1}:

w=1
2 90() = 0.01¢. (6)
i=m

Secondly, the normalized throughput is defined as
the average number of DATA PDU’s which depart
from the reordering buffer in a slot. Let 5, dencte
the normalized throughput of the original scheme. If
the DATA PDU destined to occupy the first room is
delivered without errors, at least one DATA PDU
departs from the reordering buffer. Also, the number
of DATA PDU's departing from the reordering buffer
is determined by the number of rooms which are
consecutively occupied from the second room. From
these facts, we derive an expression of normalized

E L OMEE HooM HeE ge It #s

Bt ofy Mef Fefnl ZAL obF A EEfo
Hlm (2lef k)

Table 1. Comparison of the exact and approximate
steady state masses for the number of rooms
occupied in the reordering buffer. (Original
scheme)

nuber of W=2 w=3 w=4

rooms

occupied | exact approx. | exact | approx. | exact | approx.

0 0.667 | 0.667 | 0.444 | 0.429 { 0.300 | 0.301
1 0.333 | 0.333 } 0370 | 0.381 | 0.302 { 0.318
2 0.185 | 0.190 | 0.266 | 0.254
3 0.133 | 0.127
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4. Analysis of Snowball Admission Control
Scheme

Suppose that X, = i€ {0,--,

are occupied at the start of the nth slot. As in the

original scheme, the TS chooses a DATA PDU
among the

W—2}, ie. i rooms

W—1i candidates in the window and
sends it in the nth slot. Suppose that the sequence
number of the DATA PDU is k. Then, the snowball
scheme admits the DATA PDU only if & is equal to
one of M({n—-1)r)+1, L((n—1)r)—1 and
H((n—1)7)+1. (Recall that L(t) and H(t) are
lowest and highest sequence numbers, respectively, in

the  occupant set  O(t).)  Suppose that
k=M({(n—1)7)+1.
¥ L{n—1)7)—1=M({(n—1)r)+1, then the

second room is already occupied. Thus, all the DATA
PDU's in the occupant set (together with the DATA
PDU k) depart from the reordering buffer at the end
of the nth slot. As a result, no DATA PDU remains
at the start of the (n+1)st slot, ie. X,,; =0
Otherwise, only the DATA PDU k departs and the
DATA PDU’s in the occupant set stay in the
reordering  buffer. X, 1=X,=1.
Suppose that k= M((n—1)r)+1. If k is equal to
either L((n—1)7)—1 or H({(n—1)r)+1, the
DATA PDU is stored at the reordering buffer. Thus,
we have X,,,=X,+1=i+1. Otherwise, the
DATA PDU is rejected and the occupant set is not
changed so that X, ,, =X, =4. From state {i},
the Markov chain {X,,n=1,2,---} is only able to
make a transition to one of the states {0}, {¢} and
{i +1}. Note that the sequence number k is equal to
of M(n—1)1)+1, L(ln—1)7)—1

Therefore,

one and

| =X M 44 FTCHHMB =
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H({(n—1)7)+1 with probability % Also, there

can be W—i kinds of occupant set when X, =i.

Reminding the assumption of uniform sojourn, we
obtain the transition probability function pg of the

Markov chain {X,,n=1,2,---} as follows:
ps(i,0) = ——(1—¢)
(W—i)?
o (w=i-1)?
ps(l,z)—w(l—e)'{'ts
. 2(W—i—1)
psliyi+1)= W(l—f) &)
for :<{0,---, W—1}. Since the state space Sy is

finite, there exists a stationary mass, which is also
the steady state mass. Let gg denote the steady state
From the stationary equations, we then
calculate g4(j) for €10, -+, W—1} numerically. In
table 2, we compare the exact and approximate
steady state
occupied

mass.

masses for the number of rooms
the reordering buffer. From this
that the Markov
based on the assumption of uniform

in
comparison, We  observe
approximation
sojourn produces a precise steady state mass for the
number of occupied rooms.

Let (g denote the peak occupancy incurred by the
snowball admission control scheme. Then, (g is

expressed as same as (6) except that g, is replaced

E 2 MEE oM HFE we| 7t s FE
3F obx Atef F2kmp ZAF oFY Al EEkQ
Bl (Snowball &H4)

Table 2. Comparison of the exact and approximate
steady state masses for the number of rooms
occupied in the reordering buffer. (Snowball
scheme)

number of W=2 w=3 W=4

rooms

occupied | exact | approx. exact | approx. | exact | approx.

0 0.667 | 0.667 | 0.444 | 0.429 | 0.299 | 0.282
1 0.333 | 0.333 | 0.370 | 0.381 | 0.393 | 0.380
2 0.185 | 0.190 | 0.206 | 0.225
3 0.103 | 0.113
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with gg. Let ng denote the normalized throughput of
the snowball scheme, Suppose that j DATA PDU’s
sojourn at the start of a slot in steady state. Assume
that the DATA PDU destined to occupy the first
room is delivered to the RS without errors. If the
occupant set occupies the second room, then all j
DATA PDU’s depart together with the new DATA
PDU. Otherwise, only the new DATA PDU departs
from the reordering buffer. From these facts, we
derive an expression of normalized tﬁroughput as

= . W
Ng = j;)gs(J)(l )___(W—j)z'

9

5. Performance Comparison

Using the analytigal method, We evaluate the peak
occupancy and normalized throughput of the snowball

300 :
- ----0---- original .,-”'
=3 250 - —#—— snowball ‘,.0
=] o
a [ & ]
< 200 F o ]
g E K ]
S o ]
‘E. 150 :' 'c" _:
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= ’ 1
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2l 3. Window Z7\oll WE =D MFHED M
2=l throughput

Peak occupancy and nomalized
throughput vs. window size. (error rate on
forward channel = 0.1)
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and original admission control schemes when the TS
is saturated.

Figure 3 shows (a) peak occupancy and (b)
normalized throughput with respect to window size.
In this figure, the error rate is set to be 0.1 on the
We observe that the snowball
scheme exhibits lower peak occupancy than the

forward channel.
original schéme, which is attained at the expense of
throughput performance, however.

Figure 4 shows {(a) peak occupancy and (b)

‘normalized throughput with respect to the error rate

on the fo;fward channel. In this ﬁgurc, we set the
window size to be 150 (DATA PDU’s). We notice
that the snowball scheme trades off the throughput

performance against enhanced occupancy
performarnce.
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Fig. 4. Peak  occupancy  and normalized
throughput vs. error rate on forward
channel. {(window size = 150 DATA
PDU's)
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IV. Simulation

In this section, we evaluate occupancy, throughput
and delay performance of the snowball and original
admission control schemes by a simulation method.

1. Simulation Environment

The simulation environment is as follows: The TS
sends DATA PDU’s through the forward channel
while the RS sends STATUS PDU’s across the
reverse channel. We assume that both of the forward
slotted and well
synchronized. Also, we model the forward and

and reverse channels are
reverse channels as independent and identical
two-state Gilbert channels™. Note that a two-state
Gilbert channel is completely characterized by a
Markov chain representing the fate of error
occurrence. For n€{1,2,---}, let §,€{0,1} denote
the fate of error occurrence in the nth slot on the
forward (or reverse) channel such that S, =1
represents that errors definitely occur if a DATA
PDU (or STATUS PDU) is sent in the nth slot.
Then, {S,n=1,2,--} is a Markov chain. The
Markov chain is also completely constructed by two
parameters: error rate (e) and average length of error
burst (¢). In the simulation, we employ three kinds
of two-state Gilbert channel as summarized in table
3. Channel 1 is a Bernoulli channel. In each slot,
errors independently occur identically with probability
0.122688. Channel 2 is constructed with the values of
e and ¢ introduced in [4]. Note that these parameter
values are the estimates based on simulation results.
On the other hand, approximate values of ¢ and ¢
are derived based on Jake's model®. Channel 3 is
made with these parameter values. During a slot, the
TS is able to send at most a single DATA PDU.
The RS sends STATUS PDU’s periodically.

In the 3GPP RLC, the status report may be
triggered by the TS’s polling or the RS’s detecting a
missing DATA PDU. However, we only consider the
periodic status report) The length of the status
report period is an integral multiple of the slot

E 3 couE adn HuE ide 28

Table 3. Models for forward and reverse channels.

channel model error rate average length of error burst
channel 1 0.122688 1.139845
channel 2 0.122688 3.078258
channel 3 0.122688 7.736507

duration time. In addition, the propagation delay
between the TS and RS is negligibly short compared
with the slot duration time.

2. Simulation Results

Recall that the peak occupancy is the 95th
percentile of the number of DATA PDU’s which
reside in the reordering buffer at steady state. Figure
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Fig. 5. Peak occupancy and normalized
throughput vs. window size. (length of
status report period = 8 slot times)
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traffic load. (window size = 128 DATA
PDU’s, length of status report period = 64
slot times)

5 shows (a) peak occupancy and (b) normalized
throughput with respect to the window size. In this
figure, we assume that the TS is saturated and the
RS sends a STATUS PDU every 8 slot times. We
observe that the snowball scheme reduces the peak
occupancy compared with the original
the
throughput than the original scheme for given

scheme.
However, snowball scheme incurs inferior
window size. In figure 5, we also notice that the
snowball shows the best performance with channel 3
while it works worst across channel 1. From this
observation, we postulate that the snowball scheme
performs better on slower fading channel.

We define the delay to be the time elapsed from
the moment that a DATA PDU arrives at the TS

until the DATA PDU departs from the reordering

Snowball H4A: 3GPP ARQE <8t thA +2f RO W4
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Table 4. Comparison of snowball and original admission
control schemes with non-identical window
sizes.
Snowball scheme Original scheme
W=140 W=80
peak occupancy 75.112 92.263
normalized throughput 0.625 0.594

buffer of the RS. Figure 6 shows (a) peak occupancy
and (b) average delay with respect to the traffic load
at the TS. In this figure, we set that the window
size is equal to 128 (DATA PDU’s) and the RS
sends a STATUS PDU every 64 slot times. In figure
6, we observe that the snowball scheme deflates the
occupancy of the reordering buffer at the expense of
delay performance.

In figure 5, we observed that the snowball ‘scheme,
in comparison with the original scherhe, trades off
throughput performance against better occupancy
performance for given window size. In table 4, we
demonstrate that the snowball scheme is able to
attain lower occupancy as well as higher throughput
at the expense of window size. In this table, we
compare the snowball scheme with window size of
140 with the original scheme with window size of 80.
We assume channel 3 and set the length of status
report period to be 64 (slot times). In table 4, we
observe that snowball scheme exhibits superior
performance in both of occupancy and throughput to
the original scheme.

V. Conclusions

The 3GPP ARQ, which is a member of the
selective-repeat ARQ clan, inheres the reordering
problem. Aiming at deflating the occupancy of the
reordering buffer, we proposed the snowball scheme
as an alternative to the window-based admission
control scheme of the 3GPP ARQ. Contrary to the
original admission control scheme, the snowball
scheme is characterized by a unique feature that a
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new DATA PDU is rejected if it is non-adjacent to
any DATA PDU in the reordering buffer. To
evaluate the snowball scheme, we, by adopting a
Markov  approximation, developed an analytical
method calculate the
distribution and throughput. From the numerical

to saturated occupancy
examples made by use of the analytical method, we
observed that the snowball scheme trades off the
throughput performance against better occupancy
performance. From the simulation results in a
practical environment, we also noticed that the
is able ‘to enhance both of
occupancy performance and throughput performance

compared with the original scheme of the 3GPP ARQ.

snowball scheme
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