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Different techniques for error correction such a®enatic repeat request, forward error correction
or combination of both methods also known as hyadtbmatic repeat request are utilized in
today's wireless networks. All these techniquesiirecan implementation of control and
management mechanisms to ensure its proper wodseTimechanisms increase the management
overhead and consume a part of network capacitgadts to the reduction of data throughput
dedicated to users. Besides, the control mecharasnmegatively influence a packet delay. This
paper proposes three alternatives of automatiatepguest mechanism to minimize the
management overhead without a negative impact@pdbket delay. Description of all proposed
mechanisms, their evaluation and comparison wittvestional techniques used in the IEEE

802.16 networks are presented in this paper.
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1 Introduction

Generally, errors occur during data transmissiowiireless networks. Erroneous packets cannot
be used for further processing without a methodoofection. For this purpose, wireless networks
commonly use techniques based either on AutomatjpeR reQuest (ARQ) or Forward Error
Correction (FEC) method. The ARQ mechanism use=edhbfack channel for the confirmation of
error-free packet delivery or for packet retransiois request. This method can increase a
network throughput if radio channel conditions getting worse [1]. On the other hand, the ARQ
method increases the delay of packets by time dperthe retransmission of erroneous packets.
The FEC method allows an increase in user’s datagmput within an impaired channel quality
by adding redundant coding information on the tnaitter side. Both methods can be combined to
Hybrid ARQ (HARQ) used for example in WiIMAX (Worldde Interoperability Microwave
Access) [2] networks according to IEEE 802.16e [BEE 802.16j [4], IEEE 802.16m [5] or in
LTE (Long Term Evolution) [6] networks.

All the above mentioned methods should implementeghanism on link layer that control and

manage these techniques to achieve optimal perfarenan a wireless link. The ARQ in WiMAX



networks is mandatory supported by all Base Stat{B®) as well as by all Mobile Stations (MS)
according to [7].

The performance of ARQ defined in [3] depends andétting of parameters such as size of user
data carried in a frame, size of ARQ block, size RIDU (Packet Data Unit), value of
retransmission timeout timer or on the type of pa@cknowledgement [8]. Evaluation of the type
of packet acknowledgment for different channel ¢owl is presented in [9] by Kang and Jang.
Tykhomyrov et. al. evaluate the ARQ performancedifferent ARQ parameters [10]. This work
is later on enhanced about analysis of the impadP@U size on IEEE 802.16e networks
performance while ARQ mechanism is used by Mantiéaiet. al. [11]. Sayenko et. al. provide a
comparison of ARQ and HARQ performance in IEEE &62networks [12]. This paper also
compares the overhead size generated by ARQ and@1ARe optimal PDU size and MAC
(Medium Access Control) overhead due to the pacdietansmission is analyzed by Hoymann
[13]. Sengupta et. al. [14] propose to adjust theQVWPDU size depending on the channel state to
achieve the best ARQ performance. The paper iséatefor analysis of a combination of error
correction techniques such as ARQ, FEC or MAC Rigldregation on the VolP speech quality
[15]. Authors proofs, the improvement of VoIP spgegaality by using this techniques. Chen and
De Marca [16] investigate an optimization of ARQrgraeter setting from the link throughput
point of view. Kliazovich et. al. propose a croagdr ARQ mechanism, which substitutes the
transmission of TCP acknowledgment packet withaatsiequest transmitted on the MAC layer of
the wireless link [17]. The cross-layer approaimiestigated also in [18] by Krishnamachari et.
al. The authors proposes a novel adaptive cross-faytection strategy for video transmission.
Combination of applicagtion layer FEC and MAC laydRQ and optimum setting of parameters
of those techniques is also investigated in thiepa

Most of the above mentioned papers focus on thestiyation of optimal ARQ parameters
setting, but not too much research has been dom®ssible optimization of the ARQ procedure
currently used on MAC layer. This paper discuskesaptimization of ARQ mechanism used on
WIMAX MAC layer. The optimization is done from thmserhead reduction point of view while
the packet delay is not negatively affected in canson to conventional IEEE 802.16e ARQ.

The remainder of this paper is organized as folloWs next section provides an overview of
ARQ mechanism according to IEEE 802.16e. The seamution also describes all proposed
schemes on ARQ improvement. The third section dessthe simulation scenario and parameters
of wireless link. Following section discusses tleeults and presents an efficiency of proposed

ARQ schemes. Last section presents our conclusiathduture work plans.

2 ARQ mechanism

The ARQ method is used for the retransmission e daits (packets, blocks) received with errors
that cannot be corrected by error correction mashan (e.g., FEC). This method assumes a
segmentation of user data into blocks and theirstrassion to the receiver. The receiver checks
received data for errors and reply to the tranemittith request on retransmission of erroneous

blocks. The channel quality can be expressed bgrangeter representing the ratio between all
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transmitted blocks and blocks received with errerBlock Error Rate (BLER). The method of
transmission of retransmission requests used by ARdjfferent in different wireless networks.
The conventional IEEE 802.16e ARQ and the propasethods are described in the following
subsections.

2.1 Conventional ARQ according to IEEE 802.16e

The conventional IEEE 802.16e ARQ mechanism workgeneral basis described above. Each
burst from a user carried in a frame is segmentéa PDUs. A PDU consists of several blocks
Nbiock- The number of blocks is given by following eqoati

S

Nblocks = S& @)

ARQ_block

whereSya iS @ total size of data in one frame by one uséytes, paramet&hrg pocklepresents

a block size defined by parameter denoted in thiedstrd as ARQ_Block_Size in bytes [3]. This
parameter is carried in TLV (Type/Length/Value) tg@t of registration messages (REG-
REQ/RSP) exchanged between BS and MS during a sgagiea dynamic service addition or
modification (see [3]). The parameter ARQ_Block €5ian take values from the following range:
16, 32, 64, 128, 256, 512 and 1024 bytes. The ARGkks smallest unit considered in case of
ARQ transmission. A sequence of consecutive bldasksransmitted in the MAC PDU. The
receiver checks the received data and sends amwgddgment (ACK) feedback message to the
transmitter. Each ARQ block is acknowledged indiallly. The feedback is sent in the subsequent
frame after the data transmission. The feedbaclsagescontains 1 byte (8 bits) field Message 1D
and field ARQ_Feedback Payload. The ARQ payloadheawarried either by using standalone
ARQ feedback message or by piggybacking the ARQopayto the user’'s data block. The
payload is always carried in a single PDU. The AR€edback Payload consists of one or more
Information Elements (IE) carried by ARQ_FeedbaEk(dee Fig. 1).
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Fig. 1 Transmission of ARQ feedback including severalAReedback IE

The structure and content of ARQ_Feedback IE issgmed in Table 1. Every
ARQ_Feedback_IE is related to just one CID (CorinaciD). The IEs in payload are not
numbered. The last IE is identified by setting ke field "Last" equal to 1. All ARQ blocks are
consecutively numbered by BSN (Block Sequence Numbe identify the position of
transmission error. WiMAX enables to use four dif types of acknowledgment (ACK Type)
and two kinds of acknowledgment maps (ACK Map). Phaciple of individual ACK Types and

ACK Maps are explained later in this section.



Table 1. Structure of ARQ_Feedback_IE [3].

Syntax Size Notes
CID 16 bits Connection ID
Last 1 bit Identify the last IE in ARQ_Feedback

0x0...Selective ACK

] 0x1...Cumulative ACK
ACK Type 2 bits ) ) )
0x2...Cumulative with Selective

0x3...Cumulative with Block Sequence

BSN 11 bits Block Sequence Number (0...2047)

Number of ACK Map 2 bits Number of Maps (M) = 1,234

Selective (16 blocks) or

Cumulative maps (2 x 64 blocks / 3 x 16 blocks)
Maps M x 16 bits| Cumulative maps: 1 bit sequence format (2 or 3Kslpc
2/3bits Sequence ACK (ACK/NACK of sequence),
(2x6) / (3x4) bits Sequence length

The size of IE of each ARQ feedback message (B) bdn be calculated according to the next

equation:
Sizero e e =32+(M " 16) (2)

where M represents a number of maps carried in one ARQIdeek IE (see Table 1). The
overall size (in bits) of whole feedback messaggsn in (3).

NIE

SiZQRQ_FB =8+ Size-\RQ_FB_lENIE 3

whereNe is a number of information elements carried in &RQ Feedback message and the
number8 (bits) represents the ARQ feedback message owkfMessage ID field). The overhead

transmitted in all considered frame; {9 is equal to the sum of partial overheads ovelNhge

N frame

OHconVARQ: SiZQ‘RQFBNframe (4)

The OHconvargiS presented in bits.
The principle of conventional ARQ method accordilogthe IEEE 802.16e standard and the

structure of user’s information carried in the feaare depicted in Fig.2.

Fig. 2 Principle of conventional ARQ
All transmitted blocks have to be confirmed by AGK by negative ACK (NACK) even if all

blocks are received without errors. Therefore silze of overhead per frame and per user depends
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especially on the number of blocks transmitted me drame by one user. The IEEE 802.16e
standard defines four types of acknowledgmentsecBge ACK entry, Cumulative ACK entry,
Cumulative with Selective ACK entry and Cumulativieh Block Sequence ACK entry. The first
type of acknowledgment (ACK Type = Ox0) uses saelectnaps to provide feedback to the
transmitter. Each bit set to “1” in the selectiveapmindicates error-free receiving of the
corresponding ARQ block. The BSN corresponds to iiwst significant bit in the map. The
second type (ACK Type = 0x1), Cumulative ACK entig/based on the utilization of sequence
maps. A sequence map defines a group of consechtoaks where each group includes a
sequence of only erroneous blocks or sequencelpfeoror free blocks. The sequence maps can
contain two or three sequences with a length 0b646 blocks respectively. The third type of
ACK (ACK Type = 0x2) combines the previous two tgpé&inally, the last type (ACK Type -
0x3) combines the second type with ability to asldedge ARQ blocks in the form of block
sequences.

The retransmission of erroneous blocks cannot beiged sooner than in the third block after the
first transmission since the transmitter receivésCK in the following frame after transmission
(2™ frame). Hence a request for additional resoureeshe created earliest at the next frani® (3
frame). Therefore, the dedicated resources aravaitable before theframe. The retransmitted
data (burst #2 in Fig. 2) can be transported eitbgether with normally ordered data (burst #5 in
Fig. 2) or the fresh data (burst #5 in Fig. 2) tendelayed by one frame. It causes a delay of
retransmitted packets with duration that correspoadleast 3 times frame duration (e.g. if the
frame duration is 10 ms, the packet delay is &t 8@ ms).

Fresh data and retransmitted data are sent inrame fonly if the requested capacity (fresh data +
retransmitted data) is available. The WiMAX teclogy implements Stop-and-Wait mechanism
that requests confirmation of the previous blockot® transmitting subsequent blocks. The
number of blocks that can be unconfirmed befonestrassion of the consequent blocks is defined

in the standard by parameter ARQ_Window_Size.

2.2 Proposed ARQ schemes

A number of blocks received with errors increasedecrease the link quality between transmitter
and receiver. Thus, if the BLER increases, the arnofi NACK blocks also increases. We can
assume that the major part of links with enabledQAfs an enough high quality to transfer most
of blocks without errors (confirmed by ACK) tharethumber of blocks with errors (confirmed by
NACK). In such case, the transmission of ACK bloekpears more often than NACK blocks. If
we only consider the transmission of request folansmission (NACK), the ARQ overhead can

be significantly reduced. The above mentioned aptiomis a basis for all following proposals.

2.2.1 ARQ Scheme | — Only Negative ACK

The first proposed scheme assumes ARQ feedbackagessd ARQ_Feedback IEs with the
same structure as the conventional IEEE 802.16 AR€back message. However in this

proposal, the ARQ feedback is only sent if a ree@iPDU contains at least one erroneous block.
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If all blocks in the PDU are error free, no feedbarsent (see Fig. 3). The PDU is assumed to be
correctly transferred if the transmitter receivesfeedback in the following W frames after the
transmission (W=1 in Fig. 3). To define W, a new @Rparameter, called in this paper
ACK_Window, is introduced. If the block is receivedth errors, the ARQ feedback message is
transmitted in the same way and with the same nbatein the conventional ARQ. An error-free
block is acknowledged after W frames at the latiésheans that if no NACK is received in the
one of following W frames, the block is supposedectly received, i.e. as it would be confirmed
by ACK. Hence, the request for the retransmissioblacks with at least one error should be sent
within one of the subsequent W frames. If the feettbwith NACK is lost, the data belonging to
the delay sensitive services (e.g. VolP) are asduost since the delay caused by repeated ARQ
retransmission is very significant. Therefore theposal has no negative impact on packet delay.
In case of services not sensitive to delay, dai@abeng to lost NACK can be retransmitted using
upper layer protocols, e.g., TCP [19 21]. As theolpability of lost packet together with the

NACK feedback is very low, the increase of overhéad to upper layer protocols is negligible.

DL UL DL UL

No ACK received-> assume
Burst #1 error free

Fig. 3. Principle of proposed ARQ scheme |

This proposed scheme does not need any modificaioARQ MAC management messages,
besides specification of the ACK_Window parameiére description of this parameter is shown
in Table 2. This parameter is carried in the regigin messages (REG-REQ/RSP) and in
messages related to the dynamic service managgD8rtREQ/RSP) [3]. These messages are
only transmitted during a registration of a MS be thetwork and during change of dynamic
services. Therefore, the increase of overheadsgnificant in comparison with the overhead

generated by ARQ acknowledgements.

Table 2. Definition of the parameter ACK_Window

Length Value Description

1 byte 0...64 The number of frames after which the belonging klds

considered as an error free (as it could be coefirby ACK).

The size of ACK feedback message can be calcukatedrding to equation (3). The overhead
saving is achieved since not all transmissions havée acknowledged by ARQ feedback
message. The overall overhead of proposed ARQ sehésna sum of ARQ overhead created in

each frame over number of frames. It can be caledilaccording to the next equation:

N frame

OHSchemeI= SiZQ\RQ_FBNframe ®)



2.2.2 ARQ Scheme Il — BSN of blocks with errors

The second proposed scheme is based on the sammapéisss as the first one. The ACK
feedback is likewise transmitted only if thereti¢emst one erroneous block. A block is assumed to
be error-free if no feedback is received in onéheffollowing W frames after the transmission of
appropriate data frame. Both proposals differ ameagh other in the structure of retransmission
request. The ARQ scheme Il slightly modifies theudure of ARQ_Feedback IE. The
conventional ARQ feedback message carries a S®CKf maps in conventional ARQ (see Table
1). Instead of these maps, the ARQ scheme Il cathie set of BSNs related to erroneous blocks.
Therefore, the ARQ feedback message contains or@yb field and the fields “Last” and “ACK

Type” can be omitted. The format of modified AR@dback message is shown in Table 3.

Table 3. Structure of modified ARQ_Feedback_IE eticg to the proposal of ARQ scheme I

Syntax Size Notes
CID 16 bits Connection ID
Number of BSNs 10 bits Number of BSNs (B) = D24
Set of BSN B x 11 bits| Set of Block Sequence Numifer..2047)
reserve 0-8 Align a message length to bytes

The maximum number of BSNs can be 1024 since AR@d®@¥i_Size is the half of range of
BSN (2'=2048) [3]. In case of the ARQ scheme II, the siZARQ feedback message is given by

equation:
Siz€rg s 1 =8+26+(B" 11)+res (5)

whereB is the number of BSNs included in a messagerasds the number of bits used for
alignment of the message length to bytes. OnlylBrfded is always carried in an ARQ feedback
message since IE can carry BSNs of all erronemckél

The total overhead due to ARQ scheme Il is a suer twe overhead in all frames within the

transmission:

N frame

OHSchemeII: Sizq«RQ_FB_” N frame ®)

The ARQ scheme Il reduces the overhead especilljoiv values of BLER. For high value of
BLER can be assumed opposite idea — transmit amfirmation of error free packets (ACK). It
will be profitable only for very high level of BLERover approx. 80%) and it is almost impossible
to reach this state in the real networks sincengtevork would be overloaded by retransmitted

packets.

2.2.3 ARQ Scheme Il — Combination of ARQ Scheme | & Il

The last proposed scheme, ARQ scheme IlI, is tlmebgwation of previous two. This scheme
dynamically selects the best one from the ARQ sehEmARQ scheme Il and conventional IEEE
802.16e ARQ.



The ARQ scheme Il introduces a new field (dend&) Scheme) in ARQ_Feedback_IE that is
used to decide which of the schemes should beebjpligiven moment. The choice is based on
the per frame calculation of minimum overhead geteel in each frame. The modified structure of

ARQ_Feedback_IE message is presented in Table 4.

Table 4. Structure of ARQ_Feedback_IE accordingraposal 111

Syntax Size Notes

CID 16 bits Connection ID
0x0...Conventional ARQ (802.16¢e)

ARO Scheme 2 bits 0x1...ARQ Scheme |
0x2...ARQ Scheme Il
0x3...Reserve

if ARQ Scheme =0x0 or

Ox1{

Last 1 bit Identify the last IE in ARQ_Feedback
0x0...Selective ACK

ACK Type 2 bits Oxl...CumuIative AF:K |
0x2...Cumulative with Selective
0x3...Cumulative with Block Sequence

BSN 11 bits Block Sequence Number (0...2047)

Number of ACK Map 2 bits Number of Maps (M) = 1,213
Selective (16 blocks) or
Cumulative maps (2 x 64 blocks / 3 x 16 blocks)

Maps M x 16 bits | Cumulative maps: 1 bit sequence format (2 or 3Kdp2/3bits
Sequence ACK(ACK/NACK of sequence), (2x6) / (3x#3 b
Sequence length

}

if ARQ Scheme =0x2 {

Number of BSNs 10 bits Number of BSNs (B) = D24

Set of BSN B x 11 bits| Set of Block Sequence Num@r..2047)

}

reserve 0-8 Align a message length to bytes

With regards to the above mentioned structure oAReedback_IE, the overhead generated by

ARQ scheme Il by a user in one frame can be caedlaccording to the following equation:

N

Siz€gg pg_y =8+18+min  16+16" M _10+B" 11 +res (g)

whereNe is the number of IEs carried in one ARQ feedbadssageMy e corresponds to the
number of ACK maps in ARQ_Feedback HEjs the number of BSNs included in one message
andres is the number of bits used for an alignment oflbeek message length to bytes. The

overhead generated by ARQ scheme lll is given byfaHowing equation:



N frame

OH Schemelll — SiZQ«RQ_FB_”l N frame ©

All ARQ schemes are proposed with respect to needdditional hardware modifications of
WIMAX equipments (MSs, BSs...) currently availabletlae market. All changes only implicate

the MAC layer software modification.

3 Simulations

The following sections are focused on the comparidoconventional IEEE 802.16e ARQ and all
proposals; therefore the delay of packets is naedtigated since it is not affected by proposed
techniques. The packet delay is not negativelyuarfted for delay sensitive services by all
proposals since exchange of no additional MAC mamamt messages in comparison to IEEE
802.16¢ is required (see description of proposals).

The link level calculation (developed in MATLAB) duses on the evaluation of overhead

generated by ARQ procedure in the uplink direchgrone user (see Fig. 4).

(( )) ARQ\FeedbaCk

o

Fig. 4. Link level simulation scenario
At the beginning, all simulation and link paramstere set up according to values mentioned in
Table 5.

Table 5. Simulation parameters

Parameter Value
Number of frames 5000
BLER [%] 0-20
ARQ_Block_Size [bytes] 16 /64 /256 /1024
PDU size [blocks] 1/2/4/16/32
ACK Types Selective, Cumulative
Size of data in each DL frame [bytes] 1024/ 4096

The number of frames represents an amount of fraraesmitted from the BS to the MS. The
overhead size is evaluated per all transmitteddgar frame consists of one or several PDUs and
a PDU itself contains one or several ARQ blockse Tlames are subsequently sent by the BS to
the MS. A vector indicating positions of blocks litithout errors is created for each frame based
on the given value of BLER. The MS responds toBlgeby sending an ARQ feedback message
that includes selected ARQ scheme, ACK Type andeeov of errors in the transmission.

According to the feedback message, the BS retrassmioneous blocks as soon as possible, but



not sooner than in the third frame after the oabitmansmission. The size of user’s data in a
downlink frame is kept same within the whole sintigla run (1024 bytes or 4096 bytes).

This procedure is repeated until all frames are¢ senhe MS and the MS confirms error-free

reception of all blocks. The same vectors indigafositions of blocks with/without errors are

considered in all ARQ schemes. Parameters suchiaasefduration, ARQ_Window_Size and

ACK_Window need not to be specified since they hawémpact on the results.

4 Results

The results obtained from simulations are preseinie#fig. 5 —Fig. 8. All figures describe
dependence of the ARQ overhead to BLER. Vhaxes in figures indicate a recalculation of
absolute values of the overhead into the relatiglies. As the reference value is taken the
overhead of conventional ARQ with selective ACK @idER= 0%. The total absolute overhead
value is highlighted in figures with bold font. @total absolute overhead of ARQ with selective
maps at BLER=0% only depends on the number of blpek a frame; just this value influences
the number of ACK maps carried in the ARQ feedbamssage of conventional ARQ. The
reference value is about 508 kB for ARQ_Block Si#8 and the user data size equal to 1024
B. The corresponding referential value is about 2B 3vhile ARQ_Block_Size 64 B and the size

of user data is equal to 1024 B. This value is pethelent on other parameters since the number of
blocks per frame is always equal or less than hérdfore all ACKS/NACKs can be carried in one
selective ACK map. The overhead of conventional AR&ies according to BLER since the
length of maps depends on the number of blockshelenging frame. The amount of blocks in

the frames differs due to the retransmission afrerous blocks.
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7 4 8 & 10 1 1 15 ® 2 4 6 8 10 12 14 18 18 20
BLER[%] BLER[%]
Fig. 5. ARQ Overhead vs. BLER for Fig. 6. ARQ Overhead vs. BLER for
ARQ_Block_Size = 16 B, PDU Size = 1 block ARQ_Block_Size = 64 B, PDU Size = 1 block
and Size of user data = 1024 B/ frame and Size of user data = 1024 B/ frame
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Fig. 8 ARQ Overhead vs. BLER for

ARQ_Block_Size = 256 B, PDU Size =1 blockARQ_Block_Size = 1024 B, PDU Size =1
and Size of user data = 1024 B/ frame block and Size of user data = 1024 B/ frame
Fig. 5 — Fig. 8 show the impact of BLER on the sifeARQ overhead for different values of
ARQ_Block_Size. Each figure compares the conveatigkRQ using selective and cumulative
ACK (solid line with cross mark and dotted line kvfilus mark respectively; both lines overlaps in
Fig. 7 and Fig. 8) with three versions of ARQ prsgis. As it could be assumed the cumulative
ACK shows better performance for low BLER sincelthe BLER leads to the longer consecutive
sequences of blocks with/without errors. Hence FG& maps is required to confirm all blocks
by cumulative maps in comparison with selective snafhe difference between selective and
cumulative ACK becomes negligible as the value BfQA Block_Size increasing (compare same
lines among Fig. 5 — Fig. 8).

The decrease of ARQ overhead using ARQ schemesh(lilee with circle or square marker) can
be observed from all figures. The size of ARQ oeaxhdecreases significantly for low values of
BLER. The overhead of conventional and proposed ARKReme | converge with rising BLER.
The ARQ overhead saving is more significant as kaneously BLER and ARQ_Block_Size
values become higher since the bigger block sizdsleéo the lower number of blocks in a PDU.
Therefore the number of retransmitted blocks is discreased due to the lower number of block
contained in one PDU (all blocks belonging to o¥JPare retransmitted if there is at least one
erroneous block). In case of ARQ scheme Il (dotted with asterisk marker), the overhead
reduction is a more significant for the lower BLER comparison with the ARQ scheme I. As
BLER grows, the ARQ scheme Il produces higher AR@rlbead than the conventional ARQ or
ARQ scheme I. The impact is more significant whemg high values of ARQ_BLOCK_Size.
The ARQ scheme Il (dash line with diamond or tglenmarker) gives the best results since it
selects the best ARQ scheme (from the overheadmiaaiion point of view) for each block. In
exceptional case, the overhead created by propibsadn be higher than overhead of the other
proposals due to 2-bits field ACK_Scheme in IE (Eable 4).

From Fig. 5 — Fig. 8 can be observed reduction hisfolute overhead for all proposed ARQ
schemes as the value of ARQ_Block_Size increaghdiglitionally, the efficiency of overhead

reduction of all proposed ARQ schemes become mimiitas as the ARQ_Block_Size increasing.
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The assumption of only 1 block per PDU was congiden all previous figures. The impact of
different number of blocks per PDU on the overhg@adshown in Fig. 9 — Fig. 12
(ARQ_Block_Size = 16 bytes in all figures). Theules indicate a very significant overhead
increase as the PDU Size and BLER grow. This iserés significant especially in case of ARQ
scheme Il. This is due to the retransmission bemawihen an erroneous block results in
retransmission of all blocks included in the sa@&PHence, the ARQ scheme Il is more suitable
for low values of BLER and low number of blocks #&DU. The ratio of total ARQ overhead
among conventional ARQ and the proposed schemesisamtly depends on the value of BLER.
When comparing the selective and cumulative ACK,dhmulative ACK is more suitable for very
low values of BLER, with regards to PDU Size. Irseaf ARQ scheme lll, the overhead is

reduced in the whole simulated BLER range.

Fig. 9. ARQ Overhead vs. BLER for Fig. 10. ARQ Overhead vs. BLER for
ARQ_Block_Size = 16 B, PDU Size = 2 blocksARQ_Block_Size = 16 B, PDU Size = 4 blocks

and Size of user data = 1024 B/ frame and Size of user data = 1024 B/ frame
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Fig. 11 ARQ Overhead vs. BLER for Fig. 12 ARQ Overhead vs. BLER for
ARQ_Block_Size = 16 B, PDU Size = 16 ARQ_Block_Size = 16 B, PDU Size = 32

blocks and Size of user data = 1024 B/ frame blocks and Size of user data = 1024 B/ frame

The absolute total overhead, represented by owerbiteate (OHBR), is given by the following
equation:

OHABS
" FD

OHBR= (20)

frames
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whereOH,gs presents the absolute value of overhead overaatids Nyamesis the total number of
considered frames ariD is the frame duration (WiMAX defines values [3]3# {2; 2.5; 4; 5;

8; 10; 12.5; 20 ms}).

The absolute total overhead for BLER=0% per 50@fn&s corresponds to the value marked in
figures with bold font. This value is approximat&8 kbytes (4064 kbits) per 5000 frames while
ARQ_Block_Size is 16 bytes. Hence, if we assume=FPms we can achieve an increase in
uplink throughput approximately about 406 kbps. Thaximum downlink throughput for that
scenario (1024 bytes/8192 bits per frame and 2ramae duration) is approximately 4096 kbps.
Assuming a symmetrical service with 1024 bytes @drin each frame in uplink as well as in
downlink, all proposals leads to the overhead rédu@bout 10% of the data throughput. If we
consider the size of each ARQ block equal or highan 64 bytes, the byte saving is about 273
kbytes (2184 kbits). In this case it corresporu218 kbps bitrate. The maximum user data
throughput is about 4000 kbps (1024 bytes/8192fdatsframe and 2 ms frame) which results in
5.5% saving of user’s data throughput.

As the above mentioned results show, proposalutiperforms conventional ARQ as well as the
proposal | and proposal Il in an absolute majooitygcenarios for both: selective and cumulative
acknowledgment. Therefore, subsequent text is &tusn the analysis of ARQ overhead
reduction by proposal Il in comparison to the cemtvonal ARQ according to IEEE 802.16e.

The overhead reduction of ARQ scheme Il in congmri with the conventional ARQ for
different block sizes is depicted in Fig. 13 (slecACK) and Fig. 14 (cumulative ACK). Both
figures present the results while user sent 102dskiy each frame and PDU contains one block.
In case of Fig. 15 and Fig. 16, the frame sizeeists 4096 bytes and PDU = 4 blocks. The
proposed ARQ scheme Il provides a significant beed reduction (up to 100%) comparing to
the conventional ARQ. The proposal can cause dl Sn@aease of overhead, but only for
extremely high values of BLER and specific ARQ_HBloBize. However in these cases the
overhead increase is marginal.

For the scenario with selective ACK, the overheeduction shows better performance for the
lower BLER and high ARQ_Block_Size except the camatibn of very high BLER (over 10%)
and low ARQ_Block_Size. In this case the proposatting slightly worse results than the
conventional ARQ. The better performance of propdi$as apparent especially for very low
BLER and high ARQ_Block_Size.

The cumulative ACK results show the highest ovedhesduction for low BLER level. The
increasing ARQ_Block_Size decreases ARQ overhedulction effect of proposal Il in case of
combination of low BLER level and low ARQ_Block_8i2With an increase in the BLER level,
the proposal shows better results for higher AR@cBISize. The results of the overhead
reduction for different BLER converge together iggher ARQ_Block_Size. The positive impact
of proposal is decreasing with the increasing nunabeévlocks in a PDU (compare Fig. 13 with
Fig. 15 or Fig. 14 with Fig. 16).
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Fig. 13 Overhead reduction by ARQ schemeFig. 14. Overhead reduction by ARQ scheme
Il vs. ARQ_Block_Size using selective ACK,lIl vs. ARQ_Block_Size using cumulative
PDU Size = 1 block and Size of user data = ACK, PDU Size = 1 block and Size of user
1024 B/ frame data = 1024 B/ frame

Fig. 15 Overhead reduction by ARQ schemeFig. 16. Overhead reduction by ARQ scheme
Il vs. ARQ_Block_Size using selective ACK,Ill vs. ARQ_Block_Size using cumulative
PDU Size = 4 block and Size of user data = ACK, PDU Size = 1 block and Size of user
4096 B/ frame data = 4096 B/ frame

5 Conclusions and future work

The paper presents three types of proposal on tieduof the overhead caused by ARQ

mechanism in WIMAX networks. The first proposed estie transmitting only negative

acknowledgment (NACK) to inform the transmitter abstatus of received blocks. The second

proposed scheme is based on the first one and ditiad it utilizes different type of block

acknowledgment. Finally, the last proposal combifieatures of the conventional ARQ (according

to IEEE 802.16€e) and the fist two proposed scheikgroposals reduce the overhead without

negatively influence packet delay. The proposalolitperforms conventional ARQ as well as

proposal | and Il for selective and cumulative ankledgment in absolute majority of scenarios.

The overhead saving depends on several paramatdrsas BLER, ARQ_Block_Size parameter,

PDU size and ACK type. The ARQ overhead reductam reach up to 100% in comparison to the

conventional IEEE 802.16e ARQ. Since the ARQ ovadhénfluences the uplink channel

throughput in dependence on the downlink channalityy the throughput in the uplink can be
14



enhanced up to about 10% of downlink throughpu. (ehe uplink throughput can be increase
about 400 kbps if the user uses 4 Mbps in the dakjnivhen considering symmetric services. All
proposals do not influence the throughput in domkali

Our future work analyses the impact of relay statfpew network entity introduced in IEEE

802.16j) deployment on the ARQ overhead. Anothey wé investigation is focused on the

minimization of packet delay caused by ARQ sinceQABacket delay significantly increases
when the user’s requirements on throughput aréngettoser to the maximum throughput offered
by the BS.
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