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Abstrucr-IEEE 802.11a is a new high-speed physical layer (PHY) de- 
fined for the 5 GHz U-NI1 hands as a supplement to the existing IEEE 
802.11 wireless LAN (WLAN) standard. In this paper, we give an overview 
of the IEEE 802.11a Orthogonal Frequency Domain Multiplexing (OFDM) 
PHY with eight different PHY rates as well as the distributed coordination 
function (DCF) of the IEEE 802.11 MAC, then derive the goodput perfor- 
mance analytically for peer-to-peer communication under the DCF. Based 
on the numerical results, we claim that link uduptutiotr, which performs both 
dynamic fragmentation and PHY rate selection depending on the wireless 
channel condition between the transmitter and receiver, is an attractive way 
to improve the goodput performance of an IEEE 802.11a wireless LAN. Fi- 
nally, we propose a system architecture to perform lirik uduprutiori. 

I. INTRODUCTION 

The IEEE 802.1 I standard [1] is the first international stan- 
dard for wireless local area networks (WLANs), which de- 
fines a medium access control (MAC) sublayer, MAC manage- 
ment protocols and services, and three low-speed physical layers 
(PHYs) operating in both 1 and 2 Mbps. Recently, the increasing 
number of wireless users and the growing demand of high-speed 
multimedia services have led to the requirement of higher data 
rates and bandwidths to be supported by future wireless systems. 

One new high-speed physical layer, the IEEE 802.1 1 a 
PHY [2], has been developed to extend the existing IEEE 802.1 1 
standard in the 5 GHz U-NI1 bands. It is an Orthogonal Fre- 
quency Domain Multiplexing (OFDM) radio, which provides 
eight different PHY modes with data rates ranging from 6 Mbps 
up to 54 Mbps. In addition to the use of the advanced modula- 
tion schemes compared to the existing low-speed PHYs, another 
important aspect of the IEEE 802.1 1 a PHY is that, a convolu- 
tional code of rate 1/2 is included as part of the physical layer to 
improve the frame transmission reliability. However, the IEEE 
802.1 1 a PHY has to work under the existing MAC protocol that 
was originally designed for low-speed PHYs. Therefore, it is 
important to add the link adaptation capability to the existing 
MAC protocol, so that the proper PHY mode as well as the best 
MAC frame size can be adaptively selected to combat the vari- 
ation of the wireless medium condition, hence improving the 
goodput performance of an IEEE 802. I l a  wireless LAN. Here, 
the goodput refers to the bandwidth the user actually receives 
after all the overheads are accounted for, including the MAC 
overhead, the PHY overhead, and the retransmission overhead. 

In [3], the goodput performance was analyzed for the IEEE 
802.1 1 wireless LAN using Lucent Technologies’ WaveLAN 
radio. However, since the high-speed OFDM PHY was not 
available at that time, the authors assumed the QPSK modula- 
tion without forward error correction (FEC), and analyzed the 
goodput performance for different size of the MAC service data 
units (MSDUs), which are generated by the IEEE 802.2 Logi- 
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cal Link Control (LLC) sublayer. Actually, as indicated in the 
IEEE 802.1 1 standard, an MSDU can be further fragmented into 
smaller MAC frames, i.e., MAC protocol data units (MPDUs), 
for transmission. In this paper, we explore the following two 
adaptive techniques: dynamic fragmentation of MSDUs, and 
dynamic PHY mode selection for each MPDU transmission. 
Our link adaptation idea is to select the optimal combination of 
the PHY mode and the fragment size, depending on the wireless 
channel condition, to achieve the best goodput performance. 

The rest of this paper is organized as follows. Section 2 
introduces the distributed coordination function (DCF) of the 
IEEE 802.1 1 MAC and the IEEE 802. 1 1 a high-speed OFDM 
PHY. The error probability analysis and the goodput perfor- 
mance analysis are presented in Section 3 and Section 4, respec- 
tively. Section 5 presents and discusses the numerical results, 
and proposes a system architecture to adopt link adaptation. Fi- 
nally, this paper concludes with Section 6. 

11. SYSTEM OVERVIEW 

The IEEE 802.1 1 MAC sublayer provides a fairly controlled 
access to the shared wireless medium through two different ac- 
cess mechanisms: the basic access mechanism, called the dis- 
tributed coordination function (DCF), and a centrally controlled 
access mechanism, called the point coordination function (PCF). 
In this paper, we are focusing on the goodput performance of 
the IEEE 802.1 1 wireless LAN under the DCF, which will be 
discussed in details in Section II-A. The goodput performance 
analysis for the PCF will be treated in a separate paper. 

The PHY is the interface between the MAC and the wire- 
less medium, which transmits and receives data frames over the 
shared wireless medium. The frame exchange between MAC 
and PHY is under the control of the physical layer convergence 
procedure (PLCP) sublayer. 

A. DCF of IEEE 802.1 I MAC 

The basic access mechanism of the IEEE 802.1 1 MAC, called 
the DCF, achieves automatic medium sharing between compati- 
ble PHYs through the use of carrier sense multiple access with 
collision avoidance (CSMAKA) with random backoff. Before 
a station starts transmission, it shall sense the wireless medium 
to determine if another station is transmitting. If the medium is 
idle, the transmission may proceed. If the medium is busy, the 
station shall defer until the end of the current transmission. The 
CSMAICA mechanism requires that a gap of a minimum speci- 
fied space exist between contiguous frame transmissions. A sta- 
tion shall ensure that the medium has been idle for the specified 
inter-frame space before attempting to transmit. 

The distributed inter-frame space ( D I F S )  is used by stations 
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operating under the DCF to transmit data frames and manage- 
ment frames. A station using the DCF has to follow two medium 
access rulcs: (1) thc station shall be allowcd to transmit only 
if its carrier-sense mechanism determines that thc medium has 
been idle for at least DIFS time; and (2) in order to reduce 
the collision probability between multiple stations accessing the 
wireless medium, the station shall select a random backoff in- 
terval after deferral or prior to attempting to transmit again im- 
mediately after a successful transmission. 

One important characteristics of the IEEE 802.1 1 MAC is 
that an acknowledgment (ACK) frame shall be transmitted by 
the receiver upon a successful data frame reception. Only after 
receiving an ACK frame correctly, the transmitter assumes that 
the data frame was delivered successfully. The short inter-frame 
space (SIFS), which is smaller than DIFS, is the time space be- 
tween a data frame reception and the ACK frame transmission. 
Using this smallest gap between transmissions within the frame 
exchange sequence prevents other stations, which are required 
to wait for the medium to be idle for a longer gap, e.g., at least 
DIFS time, from attempting to use the medium, thus giving pri- 
ority to completion of the frame exchange sequence in progress. 

The process of partitioning an MSDU into smaller MAC 
frames is called fragmentation. Fragmentation creates MPDUs 
smaller than the original MSDU length to improve reliability, 
by increasing the probability of successful fragment transmis- 
sions. Each fragment is sent as an independent transmission and 
is acknowledged separately. Once a station has contended for 
the medium, it  shall continue to send fragments with a SIFS 
gap between the ACK reception and the start of the subsequent 
fragment transmission until either all the fragments of a sin- 
gle MSDU have been sent, or an ACK frame is not received. 
The process of sending multiple fragments after contending for 
the medium is called a fragment burst. However, if any frag- 
ment transmission fails, the station shall attempt to retransmit 
the failed fragment after the backoff procedure. The different 
timings of successful fragment transmission and fragment trans- 
mission failure are shown in Figs. 1 and 2. respectively. 

7 
8 

DIFS SlFS 
Busy Medium Backoff 1 Fragment 1 I M Fragment 2 I 

. 
64-QAM 213 48 M i p s  24 
64-OAM 314 5 4 M b ~ s  27 

SlFS SlFS 

Fig. 1. Timing of successful fragment transmission 

key feature of the IEEE 802.1 l a  PHY is to provide eight PHY 
modes with different modulation schemes and different coding 
rates, which makcs the idca of link adaptation fcasiblc. As listcd 
in Table I, the OFDM system provides a wireless LAN with 
capabilities of communicating at 6 to 54 Mbps. Forward error 
correction is performed by bit interleaving and rate-112 convolu- 
tional coding. The higher code rates of 213 and 314 are obtained 
by puncturing the original rate- 112 code. 

I Mode I Modulation I Code Rate I DataRate I BDS I 

QPS K I2 Mbps 
QPS K 314 I8 Mbps 

16-QAM 112 
6 16-OAM 314 

TABLE I 

EIGHT PHY MOIIES OF IEEE 802.1 1 A PHY 

During the transmission, the MPDUs from the MAC sublayer 
shall be provided with a PLCP preamble and a PLCP header to 
create PLCP protocol data units (PPDUs). 

111. ERROR PROBABILITY ANALYSIS 

In this paper, we assume that the noise over the wireless 
medium is white Gaussian with spectral density N0/2.  Although 
this additive white Gaussian noise channel (AWGN) model is 
not a realistic assumption, we believe that our goodput analysis 
based on the AWGN model will show the same trend with that 
based on a more realistic and complicated channel model, so 
that the results presented in this paper can be a good guidance 
for the rcality. 

A. Bit Error Probability 

tion [5] with M = 4, 16, 64 can be calculated by 
The symbol error probability for an M-ary QAM modula- 

P , = l - ( l - P  ( 1 )  

where 

DIFS \ / ACK Timeout 
Busy M e d i u m p  Backoff 1 FraNent 1 Backoff I Fragment 1 I 

/ \  

SlFS 

Fig. 2. Timing of fragment transmission failure and retransmission 

Based on the above discussions, we notice that a transmis- 
sion cycle under the DCF consists of the following phases: the 
DIFSISIFS deferral phase, the backofflcontention phase if nec- 
essary, the datalfragment transmission phase, the SIFS deferral 
phase, and the ACK transmission phase. 

B. IEEE 802. /la OFDM PHY 

The OFDM has been selected as the modulation scheme for 
the IEEE 802.11 a PHY, which is very similar to the modula- 
tion scheme adopted in Europe for HIPERLAN/2 PHY [4]. A 
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is the symbol error probability for the f i - a r y  PAM modula- 
tion with the average signal-to-noise ratio (SNR) per symbol, 
E,,/N,. With a Gray coding, the bit error probability for an 
M-ary QAM modulation can be approximated by 

Note that 4-ary QAM and QPSK are identical. For BPSK mod- 
ulation, the bit error probability is the same as the symbol error 
probability, which is given by 

1996 

(4) 



B. Packet Error Probability 

In [6], an upper bound was given on the packet error proba- 
bility, under the assumption of binary convolutional coding and 
hard-decision Viterbi decoding with independent errors at the 
channel input. For an L-octet long packet to be transmitted us- 
ing PHY mode m ( 1  < m < 8), this bound is 

P Z ( L )  5 1 - (1 - Pu")8L, ( 5 )  Durp' 
where the union bound P," of the first-event error probability is 
given by 

Address 1 Address 2 Address 3 sEzF Frame Body FCS 

d=dfpee 

where d f r e e  is the free distance of the convolutional code se- 
lected in PHY mode m, a d  is the total number of error events 
of weight d, and pd is the probability that an incorrect path at 
distance d from the correct path being chosen by the Viterbi de- 
coder. When hard decision decoding is applied, Pd is given by 

Frame 
Control 

where p is the bit error probability for the modulation scheme 
selected in PHY mode m, and is given by Eq. (3) or (4). The 
value of a d  can be obtained either from the transfer function or 
by a numerical search [7 ] .  

 ti^^ Receiver FCS 
Address 

IV. GOODPUT PERFORMANCE 

Recall that the transmission c-ycle under the DCF of the IEEE 
802.11 MAC consists of the following phases, which are ex- 
ecuted repetitively: the DIFS/SIFS deferral phase, the back- 
offkontention phase if necessary, the datdfragment transmis- 
sion phase, the SIFS deferral phase, and the ACK transmis- 
sion phase. The related characteristics for the IEEE 802.1 l a  
PHY are listed in Table 11, where some of them will be dis- 
cussed in details later. In this section, we are going to state the 
assumptions to be used for our goodput analysis, discuss the 
MAC/PHY/retransmission overheads, and analyze the goodput 
performance of an IEEE 802.1 1 a wireless LAN. 

A. Assumptions 

In general, it  is difficult, if not impossible, to analyze the 
goodput performance for a real IEEE 802.1 1 wireless LAN sys- 
tem, where multiple stations are contending for the shared wire- 
less medium. However, in this paper, since the focus is on 
the trend of MAC/PHY/retransmission overheads affecting the 
goodput performance, we make the following assumptions to 
simplify our analysis. 

RATE 
4 bits 

Reserved LENGTH Parity Tail SERVICE MPD" ;i& 
1 bit 12 bits 1 bit 6 bits 16 bits 

MAC Header 

Fig. 4. Frame format of an ACK frame MPDU 

The PPDU format of the IEEE 802.1 l a  PHY is shown in 
Fig. 5, which includes PLCP preamble, PLCP header, MPDU, 
tail bits, and pad bits. The PLCP preamble field, with the du- 
ration of tPLCPPreamble, is composed of I O  repetitions of a 
short training sequence ( 0 . 8 ~ ~ )  and 2 repetitions of a long train- 
ing sequence (4p.s). The PLCP header except the SERVICE 
field, with the duration of tPLCPHeader, constitutes a separate 
OFDM symbol, which is transmitted with BPSK modulation 
and the rate-1/2 convolutional coding. The 6 "zero" tail bits 
are used to return the convolutional codec to the "zero state", 
and the pad bits are used to make the resulting bit string to be 
a multiple of OFDM symbols. Each OFDM symbol interval, 
denoted by tSymbo1, is 4ps. The 16-bit SERVICE field of the 
PLCP header and the MPDU (along with 6 tail bits and pad bits), 
represented by DATA, are transmitted at the data rate specified 
in the RATE field. 

PLCP Header c d 

PLCP Preamble 
12 Symbols 

SIGNAL DATA 
One OFDM Symbol Variable Number of OFDM Symbols 

Fig. 5 .  PPDU frame format of IEEE 802.1 la OFDM PHY 
Assume that two stations running the DCF are communicat- 

ing with each other with no interfering stations nearby. Only 
one station is transmitting and its queue is never empty. There- 
fore, there are no collisions on the wireless medium, but it is 

Based on the above analysis, for L-octet long information to 
be transmitted over the IEEE 802.1 l a  physical layer using PHY 
mode m, the transmission duration is 

also never idle for any longer period than required by the DCF 
medium access rules. In addition, we assume that there is no 
retry limit for each frame. We assume that there is no power 

Tdm,,,(L) = tPLCPPreamble + tPLCPHeader 

(8) 
30.75 + L 
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Characteristics 
aSlotTime 
aSlFSTime 
aDIFSTinie 
aCWmin 
aCWnzas 
tPLCPPreamble 
tPLCPHeader 
tSvnibol 

TABLE I I  
IEEE 802.1 I A OFDM PHY CHARACTERISTICS 

Value Comments 
9P.5 slot time 
16ps SIFS time 
34p.5 
1.5 
1023 
I6ps PLCP preamble duration 
4p.5 
4us OFDM svmbol interval 

aDIFSTinze = aSIFSTime + 2 x aSlotTinie 
min contention window size in unit of aSlotTime 
max contention window size in unit of aSlotTime 

PLCP header duration except the SERVICE field 

Note that the Bytes-per-Symbol information for PHY mode nz, 
BpS(m), is given in Table I. Similarly, the transmission duration 
for an ACK frame using PHY mode m is 

TEk = tPLCPPreamble + tPLCPHeader 

(9) 

C. Backoff/Contention Phase 

The random backoff interval is in the unit of aSlotTime, and 
this random integer is drawn from a uniform distribution over 
the interval [O,Cw], where CW is the contention window pa- 
rameter. CW shall take an initial value of aCWmin. In the case 
of an unsuccessful transmission, CW is updated to [2x(CW+I)- 
11. Once CW reaches aCWinax, it shall remain at the value of 
aCWmax until it is reset. In the case of a successful acknowl- 
edged transmission, the CW value is reset to aCWmin before the 
random backoff interval is selected. 

Let T b k , f f ( i )  denote the average backoff interval after i con- 
secutive unsuccessful transmission attempts, and it can be cal- 
culated by 

D. Goodput Analysis 

Assume that L-octet long information is to be transmitted us- 
ing PHY mode m. Then, the probability of a successful trans- 
mission cycle can be calculated by 

P $ o d r y c f e ( L )  = (l - p c d a t a ( L ) )  . (l - P&=k), ( I 1 )  

where P ; ~ ~ ~ ~  ( L )  and P;ack are the datdfragment transmission 
error probability and the ACK transmission error probability, 
respectively. Since the datalfragment frame is normally much 
longer than the ACK frame, the possibility is tiny for the ACK 
frame to be lost while the datdfragment frame gets through. 
Therefore, we have the approximation of 

(12) m 
P g o o d r y c l e ( L )  - P . d a t a ( L ) ,  

where 

Pcdata(L)  = 1 - (1 - P,'(3)). (1 - PT(30.75 + L ) ) .  (13) 

Here, ~ , ' ( 3 )  is the packet error probability of PLCP header, be- 
cause PLCP header is 24-bit long and always transmitted with 

BPSK modulation and rate- 1/2 convolutional coding, i.e., PHY 
mode 1 .  The calculations of P,'(.) and P," (.) are given by Eq. (5) .  

Let NfTag  and n be the number of fragments and the number 
of consecutive unsuccessful transmission attempts before the 
current transmission, respectively. Since we assume that there is 
no retry limit for each frame, the contention window parameter 
CW will always be reset to aCWmin after the successful trans- 
mission of the last fragment of a fragment burst. Therefore, the 
average time space between contiguous MSDU transmissions is 

By referring to Fig. I ,  each successful fragment transmission 
duration is equal to the fragment transmission time, plus the 
ACK transmission time, and plus two SIFS times. However, 
whenever the fragment transmission fails, the station has to wait 
for an ACK timeout period and then execute a backoff proce- 
dure before the fragment retransmission (see Fig. 2). According 
to the Specijication and Description Language formal descrip- 
tion of the IEEE 802.1 1 MAC operation [ 11, an ACK timeout 
period is equal to a SIFS time, plus the ACK transmission time, 
and plus a slot time. Therefore, the average transmission du- 
ration for each fragment, i T > f r a g ,  can be calculated by Eq. (1.5) 
(on next page), where T&,(L), TGk, and T b k o f  f (i) are given by 
Eq. (8), (9), and (IO),  respectively, and 

The average goodput can then be approximated by 

where the aSIFSTime term is due to the fact that the first frag- 
ment of a fragment burst will be transmitted right after the back- 
off interval without an additional SIFS deferral. 

v .  NUMERICAL RESULTS AND DISCUSSION 

According to the IEEE 802.1 I standard, the length of an 
MSDU must be less than or equal to 2304 octets. The length 
of a fragment MPDU shall be an equal even number of octets 
for all fragments except the last one of a fragment burst, which 
may be smaller. Besides, by referring to the Specijication and 
Description Language formal description of the IEEE 802.1 1 
MAC operation [ I ] ,  the minimum fragment size is 228 octets. 
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Fig. 6.  Goodput vs. SNR 
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Fig. 8. Optimal PHY mode - fragment size combination for different SNRs 

In this paper, we assume that the MSDUs to be transmitted are 
all of 2304-octet long, and each MSDU might be either not frag- 
mented or fragmented to up to I O  equal-sized MPDUs. The nu- 
merical results of the goodput performance using different PHY 
modes and/or different fragment sizes are presented in the next 
subsection. Note that despite these assumptions, the results re- 
flect the general trend. 

A. PHY Mode vs. Goodput 

The results of goodput performance for different PHY modes 
are shown in Fig. 6. As expected, the higher rate PHY modes 
show better goodput performance in the high SNR range, while 
the lower rate PHY modes have better goodput performance in 
the low SNR range. One interesting observation is that the good- 
put performance of PHY mode 3 (QPSK modulation with rate- 
1/2 coding) is always better than that of PHY mode 2 (BPSK 

modulation with rate-3/4 coding) under all SNR conditions. The 
rationale behind is that, although QPSK has worse error perfor- 
mance than BPSK, the worse performance of the rate-3/4 con- 
volutional code compared to the rate- I / 2  convolutional code has 
the more dominating effect. Therefore, without the appropriate 
power control schemes, PHY mode 2 may not be a good choice 
at the presence of PHY mode 3. Another observation from Fig. 6 
is that, for the same PHY mode, fragmentation decreases the 
maximum goodput due to the overheads, however, improves the 
goodput performance at certain SNR range. Please refer to PHY 
mode 5 at the SNR of 10 dB for an example. 

Fig. 7 shows the goodput performance for different fragment 
sizes. The goodput upper bounds in the figure are obtained by 
assuming the error-free wireless channel, so the only factors to 
affect the goodput performance are the MAC and PHY layer 
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overheads, and the ACK transmission time. We have three ob- 
servations from this figure. First, for different fragment size, 
the goodput varies. Secondly, for different SNR condition, the 
optimal fragment size to achieve the best goodput performance 
varies. Thirdly, the affecting range of dynamic fragmentation is 
rather small compared to that by changing the PHY mode. The 
ranges for PHY mode 1 and PHY mode 8 are around 0.7-3 dB 
and 19.4-21.5 dB, respectively. Notice that, when PHY mode 8 
is selected and when the SNR value is less than about 19 dB, the 
goodput is almost zero, which means that, under low SNR con- 
ditions, the high rate 54 Mbps PHY mode is useless even with 
dynamic fragmentation. 

The optimal combinations of the PHY mode and the frag- 
ment size to achieve the best goodput performance for different 
SNR conditions are shown in Fig. 8(a). Along the Y-axis, the 
values from [y, y + l )  corresponds to PHY mode y with differ- 
ent fragmentation choices of no fragmentation to I O  fragments 
from up to down. For example, the selection of using PHY mode 
1 with 10 fragments is shown as the lowest level in the figure. 
Fig. 8(b) is an enlarged version of Fig. 8(a) for the SNR range 
between 4.54 dB and 9 dB. One observation from these optimal 
combinations is that, PHY mode 2 is not part of the optimal se- 
lection, which is consistent with the fact that PHY mode 2 has 
worse goodput performance than PHY mode 3 under all SNR 
conditions (see Fig. 6). Finally, Fig. 9 illustrates the maximum 
achievable goodput by choosing the optimal combination of the 
PHY mode and the fragment size, i.e., the optimal link udupta- 
tion, which is given in Fig. 8(a). 

,- 

.- 

Fig. 9. Goodput upper bound from optimal link adaptation 

B. Link Adaptation 

Based on the above discussions, we suggest the use of link 
adaptation to improve the goodput performance of the IEEE 
802.1 1 wireless LAN using the high-speed OFDM PHY. Fig. 10 
shows a system architecture to adopt the link adaptation. 

The link adaptor provides three levels of functionality. First, 
the link adaptor estimates the current SNR condition based on 
monitoring the channel conditions and the previous transmission 
results. Secondly, the link adaptor selects the optimal combina- 
tion of the PHY mode and the fragment size based on the SNR 
estimation (see Fig. 8(a)), and sets the fragment size before an 
MSDU is fragmented. Thirdly, in the mid of an MSDU trans- 
mission, the link adaptor could change the PHY mode for the 
next MPDU transmission if there is any variation of the SNR 
condition, this is because that, once an MSDU has been frag- 
mented, the fragment size will remain unchanged until the end 
of the transmission. The three functionalities are represented in 

LLC Sublayer 

O 

a 5 

4“ 
a 

L L  .= m 

Wireless Medium 

Fig. IO. System architecture for link adaptation 

the figure as the SNR estimator, the fragment size selector, and 
the P H Y  mode selector, respectively. 

One important aspect of this architecture is that, the imple- 
mentation of the link adaptor is transparent to the higher lay- 
ers, which makes it compatible to the existing network or higher 
layer applications. Besides, the basic idea of link adaptation is 
to take advantage of the different modulation schemes and FEC 
capabilities provided by the OFDM PHY, and no additional er- 
ror correction codes need to be implemented. Therefore, the im- 
plementation of the link adaptor should be fairly simple, which 
makes this idea even more attractive. 

VI. CONCLUSION 

In this paper, the key features of the DCF of the IEEE 802.1 I 
MAC and the IEEE 802.1 1 a OFDM PHY have been presented. 
The goodput performance is derived analytically for peer-to- 
peer communication without interference in the IEEE 802.1 I 
wireless LAN using the OFDM PHY. The numerical results sug- 
gest that link adaptation, which performs both dynamic frag- 
mentation and PHY mode selection, is an attractive way to en- 
hance the goodput performance of an IEEE 802.1 I a wireless 
LAN. In addition, a general system architecture to adopt link 
adaptation is also presented at the end of the paper. 

As the future work, we are going to investigate the goodput 
performance in the multi-station environment through simula- 
tion, and design a link adaptation algorithm that can be embed- 
ded into the existing IEEE 802.11 MAC protocol. 
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