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Abstract

In this paper, we present the maximum throughput achievable in 802.11a and 802.11b using the Distributed Coordination Function (DCF) when there are one sender and one receiver. The results via analysis and simulations are provided. The results presented can be used as a conformance test to validate different 802.11a/b simulation models.

1 Introduction

IEEE 802.11 TGe simulation ad hoc group is working on the development of 802.11 WLAN models using the network simulation tools including OPNET and Network Simulator 2 (ns2). Currently, there are a number of different models being developed by different individuals even in one simulation environment, e.g., OPNET.   This paper analyzes the maximum throughput (or goodput) which can be achieved through IEEE 802.11a and .11b WLAN systems in the simplest network environment. Then, we compare the analytical results with the simulation results. The simulation models which we used include: (1) 802.11a and 802.11b models developed by Philips based on the official OPNET model; and (2) 802.11a and 802.11b models developed by Philips based on the AT&T PCF OPNET model. The former is available to public while the latter is available under the NDA with AT&T.  Both codes were run using the Distributed Coodination Function (DCF).  We believe the considered maximum throughput can be used as the conformance test for different simulation models.

2 Assumption

The wireless system under consideration is composed of two wireless stations (STAs); one sender and one receiver. Here is the communication scenario:

1. The sender generates L-byte long data (or MSDU) with the infinite rate, where L <= 2304 bytes.

2. The sender will make an MPDU with an MSDU in the MAC, and will try to send the MPDU.

3. The receiver responds with an ACK per receiving an MPDU.

Now, recall that the transmission cycle under the DCF of the IEEE 802.11 MAC consists of the following phases, which are executed repetitively: 

1. DIFS deferral phase

2. Back-off/contention

3. Data (or MPDU) transmission phase

4. SIFS deferral phase

5. ACK transmission phase

 The related characteristics for the IEEE 802.11a and .11b PHYs are listed in Table 1. 

Table 1. IEEE 802.11a and .11b PHY CHARACTERISTICS
Parameters
.11a
.11b
Comments

AslotTime
9usec
20usec
slot time

ADIFSTime
34usec
50usec
DIFS time

ACWmin
15
31
Min contention window size in unit of aSlotTime

tPLCPPreamble
16usec
144usec
PLCP preamble duration

tPLCPHeader
4usec
48usec
PLCP header duration (except the SERVICE field in case of 802.11a)

tSymbol
4usec
N/A
OFDM symbol interval

3 Analysis

In this section, we analysize the throughput of the 802.11 network assumped above.

3.1 802.11b

The time to transmit a data frame or MPDU with L-byte long payload at m Mbps PHY rate is given by
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and the time to transmit an ACK frame at n Mbps PHY rate is given by 
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3.2 802.11a

For m Mbps PHY rate, the number of bytes in a symbol is given by
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Now, the time to transmit a data frame or MPDU with L-byte long payload at m Mbps PHY rate is given by
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and the time to transmit an ACK frame at n Mbps PHY rate is given by
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3.3 Throughput

Now, the throughput of the system, when the data frames are transmitted at m Mbps and the ACK frames are transmitted at n Mbps, is given by
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where the average backoff time is given by
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4 Results

The figure and table below shows both analytic and simulation results for both 802.11a and 802.11b networks. The two different simulation models, specified in the introduction, for both 802.11a and 802.11b resulted in almost the same results. So only one set of results is ploted for each. The transmission rates of data and ACK are:

· 802.11a: 54 Mbps for data and 24 Mbps for ACK frames

· 802.11b: 11 Mbps for data and 2 Mbps for ACK frames

The rationale for choosing the specific transmission rates for the ACK frames is that the ACK, a control frame, can be transmitted at the highest rate in the BSS basic service rate set. We assuming that the basic service rate sets for 802.11a and 802.11b are {6,12,24} (Mbps) and {1,2} (Mbps), respectively. Note that {6,12,24} (Mbps) are the mandatory rates for 802.11a PHY while {1,2} (Mbps) are the rates supported by the legacy Direct Sequence (DS) PHY.
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Throughput (Mbps)

MPDU size L (bytes)
.11b
.11a

10
0.09550684
0.461095101

50
0.46150619
2.253521127

100
0.88584659
4.312668464

200
1.63964971
7.94044665

300
2.28888504
11.03448276

400
2.85389979
13.94335512

500
3.35008375
16.29327902

600
3.78929238
18.35564054

700
4.1808063
20.18018018

800
4.53199434
22.10708117

900
4.84878168
23.56792144

1000
5.13598693
24.88335925

1100
5.39756886
26.3868066

1200
5.63681008
27.46781116

1300
5.85645541
28.45417237

1400
6.05881774
29.66887417

1500
6.24585975
30.49555273

1600
6.41925777
31.25763126

1700
6.58045219
31.96239718

1800
6.73068752
32.91428571

1900
6.87104463
33.51708931

2000
7.00246678
34.07880724

2100
7.12578083
34.89096573

2200
7.24171467
35.37688442

2300
7.3509116
35.83252191

5 Conclusion

In this paper, we provide the maximum throughput achieved by 802.11a and 802.11b networks when there are only one sender and one receiver utilizing the Distributed Coordination Function (DCF), which can be used to help check the conformance of different simulation models.
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802.11b

		802.11b Max Throughput Analysis														Sunghyun Choi and Javier Del Prado

		Assuming a point-to-point transmission from a sender to a receiver														Rev 1.2

		Values in RED are variable														1/10/01

		Transmission Rate				Data (Mbps)				Ack (Mbps)

						11				2

		IFS/Slot (usec)		SIFS		Slot		DIFS		Cwmin

				10		20		50		31

		PLCP Preamble				in Bits				Duration (usec)								Assuming Long Preamble

						144				144

		PLCP Header				in Bits				Duration (usec)

						48				48

		PLCP Overhead								Duration (usec)										1921.2727272727

										192

		MAC Overhead (Hdr + CRC)		in Bytes		in Bits								Payload only

				28		224

		Data Length		in Bytes		in Bits				Duration (usec)

				1500		12000				1303.2727272727

		ACK Length		in Bytes		in Bits				Duration (usec)

				14		112				248

		Average Back-off Overhead								Duration (usec)

										310

		PHY-level Max. Throughput						Mbps		Percentage (%)

								9.2075892857		83.7053571429

		MAC-level Max. Throughput						Mbps		Percentage (%)

								6.2458597521		56.7805432005

						Data Length in Bits / Data Frame Duration

				Data Length in Bits / (Data Frame Duration + SIFS + ACK Frame Duration + DIFS + Ave. Back-off Overhead)





802.11a

		802.11a Max Throughput Analysis

		Assuming a point-to-point transmission from a sender to a receiver

		Values in RED are variable

		Transmission Rate		Data (Mbps)		Bytes/Symbol (BpS)		Ack (Mbps)		Bytes/Symbol (BpS)

				54		27		24		12

		IFS/Slot (usec)		SIFS		Slot		DIFS		Cwmin

				16		9		34		15

		PLCP Preamble								Duration (usec)

										16

		PLCP Header								Duration (usec)

										4

		PLCP Overhead								Duration (usec)

										20

		MAC Overhead (Hdr + CRC + Service + Pad)		in Bytes		in Bits						Payload only

				30.75		246

		Data Length		in Bytes		in Bits				Duration (usec)

				1500		12000				248

		ACK Length		in Bytes		in Bits				Duration (usec)

				14		112				28

		Average Back-off Overhead								Duration (usec)

										67.5

		PHY-level Max. Throughput						Mbps		Percentage (%)

								48.3870967742		89.605734767

		MAC-level Max. Throughput						Mbps		Percentage (%)

								30.4955527319		56.4732457998

						Data Length in Bits / Data Frame Duration

				Data Length in Bits / (Data Frame Duration + SIFS + ACK Frame Duration + DIFS + Ave. Back-off Overhead)





DS

		802.11b Max Throughput Analysis

		Assuming a point-to-point transmission from a sender to a receiver

		Values in RED are variable

		Transmission Rate				Data (Mbps)				Ack (Mbps)

						2				2

		IFS/Slot (usec)		SIFS		Slot		DIFS		Cwmin

				10		20		50		31

		PLCP Preamble				in Bits				Duration (usec)

						144				144

		PLCP Header				in Bits				Duration (usec)

						48				48

		PLCP Overhead								Duration (usec)

										192

		MAC Overhead (Hdr + CRC)		in Bytes		in Bits								Payload only

				28		224

		Data Length		in Bytes		in Bits				Duration (usec)

				1500		12000				6304

		ACK Length		in Bytes		in Bits				Duration (usec)

				14		112				248

		Average Back-off Overhead								Duration (usec)

										310

		PHY-level Max. Throughput						Mbps		Percentage (%)

								1.9035532995		95.1776649746

		MAC-level Max. Throughput						Mbps		Percentage (%)

								1.7336030049		86.6801502456

						Data Length in Bits / Data Frame Duration

				Data Length in Bits / (Data Frame Duration + SIFS + ACK Frame Duration + DIFS + Ave. Back-off Overhead)





FH

		802.11 FH Max Throughput Analysis

		Assuming a point-to-point transmission from a sender to a receiver

		Values in RED are variable

		Transmission Rate				Data (Mbps)				Ack (Mbps)

						2				2

		IFS/Slot (usec)		SIFS		Slot		DIFS		Cwmin

				28		50		128		15

		PLCP Preamble				in Bits				Duration (usec)

						96				96

		PLCP Header				in Bits				Duration (usec)

						32				32

		PLCP Overhead								Duration (usec)

										128

		MAC Overhead (Hdr + CRC)		in Bytes		in Bits								Payload only

				28		224

		Data Length		in Bytes		in Bits				Duration (usec)

				1500		12000				6240

		ACK Length		in Bytes		in Bits				Duration (usec)

				14		112				184

		Average Back-off Overhead								Duration (usec)

										375

		PHY-level Max. Throughput						Mbps		Percentage (%)

								1.9230769231		96.1538461538

		MAC-level Max. Throughput						Mbps		Percentage (%)

								1.7253774263		86.2688713156

						Data Length in Bits / Data Frame Duration

				Data Length in Bits / (Data Frame Duration + SIFS + ACK Frame Duration + DIFS + Ave. Back-off Overhead)





Thruput. vs. MPDU size 

		

		802.11ab Throughput vs. MPDU size L

						Throughput

				MPDU size		.11b		.11a										.11b		.11a

				(L)										Data Transmission  Rate (m)				11		54

				10		0.0955068374		0.4610951009								Bytes/Symbol (BpS)				27

				50		0.4615061884		2.2535211268						ACK Transmission Rate (n)				2		24

				100		0.8858465875		4.3126684636								Bytes/Symbol (BpS)				12

				200		1.6396497112		7.9404466501						SIFS (usec)				10		16

				300		2.2888850355		11.0344827586						DIFS (usec)				50		34

				400		2.8538997892		13.9433551198						PLCP Overhead (usec)				192		20

				500		3.3500837521		16.2932790224						MAC Overhead (bytes)				28		30.75

				600		3.7892923784		18.3556405354						MAC Overhead (bits)				224		246

				700		4.1808062984		20.1801801802						ACK Length (usec)				248		28

				800		4.531994335		22.1070811744						Average Back-off Overhead (      )				310		67.5

				900		4.8487816824		23.5679214403

				1000		5.1359869266		24.8833592535

				1100		5.3975688636		26.3868065967

				1200		5.6368100779		27.4678111588

				1300		5.8564554111		28.4541723666

				1400		6.0588177437		29.6688741722

				1500		6.2458597521		30.4955527319

				1600		6.4192577733		31.2576312576

				1700		6.5804521862		31.9623971798

				1800		6.7306875159		32.9142857143

				1900		6.8710446289		33.5170893054

				2000		7.0024667781		34.0788072417

				2100		7.1257808283		34.8909657321

				2200		7.2417146705		35.3768844221

				2300		7.3509116002		35.8325219085
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Simulations

		

				PHILIPS model

						Interarrival time				Throughput						2 stations --- 1 sender and 1 receiver

				MPDU size		.11b		.11a		.11b		.11a

				(L)												Time of simulation				.11a		5 sec

				300		2.18 e -04		4.44 e -05		2.292		10.986								.11b		10 sec

				900		6.54 e -04		1.33 e-04		4.837		23.459

				1500		1.09 e -03		2.22 e -04		6.243		30.4				Transmission Rate				.11a		54 Mbps

				2100		1.53 e -03		3.11 e -04		7.142		34.799								.11b		11 Mbps

																Load				.11a		54 Mbps

				AT&T model																.11b		11 Mbps

						Interarrival time				Throughput						Buffer Size (bits)						202400000

				MPDU size		.11b		.11a		.11b		.11a

				(L)

				300		2.18 e -04		4.44 e -05		2.261		11.013

				900		6.54 e -04		1.33 e-04		4.835		23.541

				1500		1.09 e -03		2.22 e -04		6.251		30.457

				2100		1.53 e -03		3.11 e -04		7.146		34.896
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