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Highlighted Text Changes wrt. P802.11.2 D1.0

D.1 Introduction 

This Annex provides a methodology for calculating the theoretical throughput limits (TTL) for IEEE Std 

802.11 networks. IEEE Std 802.11 defines data rates in terms of signaling rate at the physical layer conver- 

gence procedure (PLCP) Layer, in the form of PLCP protocol data units (PPDUs). The PPDU data is modu- 

lated and transmitted over the RF link at this rate, generally known as the PHY data rate. In practice, MSDU 

data throughput will be significantly lower than the PHY data rate. 

The basic TTL calculations take into account the overhead associated with frame preambles, PLCP header, 

RF modulation type, interframe spacing, packet acknowledgement delay, and number of backoff slots, 

resulting in a theoretical limit on MSDU throughput. IFS and related frame timing are defined by DCF 

mechanisms. This upper boundary is useful in predicting performance of IEEE Std 802.11 networks. 

For simplification, the basic TTL is calculated over a single unidirectional data path by assuming constant- 

size data frames transmitted with minimum frame spacing, without collisions, without retries, without RTS/ 

CTS controls, without fragmentation, without EDCA services, and without management frame overhead. 

These forms of overhead may be factored into the basic TTL calculation as needed. Upper layer protocol 

processing and application overhead are not considered in TTL calculations. Note that TTL calculations 

may be influenced by special algorithms used in proprietary IEEE Std 802.11 devices. 

All clause references herein are with respect to IEEE P802.11-2007. 

D.2 Terminology for TTL calculations 

The following terms are used within the equations and descriptive text in this Annex. 

D.2.1 Ceiling: Round up to nearest multiple of significance. 

D.2.2 CkSwTime: Clock switch time for PBCC. 

D.2.3 CWmin: Best-case (theoretical) contention window time measured in slots. 

D.2.4 DIFS: Distributed inter-frame space. 

D.2.5 Floor: Round down to nearest multiple of significance. 
D.2.5a FR: Frame Rate
D.2.6 FS: Frame start. 

D.2.7 FS-to-FS interval: Frame start to frame start interval. 

D.2.8 Length: Number of octets in data payload. 

D.2.9 Ndbps: Number of data bits per symbol (function of PHY rate). 

D.2.10 PLCPtime: Time required to transmit PLCP header. 

D.2.11 PHYrate: Data transfer rate in bits per second at PLCP Layer. 

D.2.12 Backoff: Backoff timing interval. 
Editorial note: reorder and renumber D.2.12 accordingly.
D.2.13 SIFS: Short inter-frame space. 

D.2.14 SigEx: Signal extension. 

D.2.15 Tack: Time to transmit acknowledgement (ACK) frame of 14-bytes. 

D.2.16 Tpream: Time to transmit preamble. 

D.2.17 TxTime: Time to transmit one data frame. 

D.2.18 Tsignal: Time to transmit signal field. 

D.2.19 Tsym: Time to transmit service field (defines symbol clock and code). 

D.3 TTL calculation methodology 

D.3.1 Four-step methodology 

The TTL calculation methodology is based on four sequential steps: 

a) Calculate TxTime, the time in microseconds to transmit one data frame, including frame preamble, 

frame header, and RF modulation parameter fields. 

b) Calculate the FS-to-FS interval, the time in microseconds to transmit one data frame, with acknowl- 

edgement, including the SIFS, the DIFS and the backoff time. For backoff time, the average backoff 

in the best case is used, under the assumption that the medium is available at the first attempt and the 

number of backoff slots is selected from the range of 0 to CWmin. 

c) Calculate the frame rate, i.e., the number of frames per second that can be transmitted across the air 

interface. 

d) Derive TTL in megabits per second. This value represents an upper boundary on IEEE Std 802.11 

network performance at the MSDU level. 

An example of the four-step methodology calculation is provided in D.4.5 for the 
IEEE Std 802.11-2007 Orthogonal frequency division multiplexing (OFDM) PHY specification 

for the 5 GHz band, deriving the TTL in megabits per second. 

D.3.2 PHY modes and modulation types 

TTL calculations are derived from equations and parameters based on IEEE Std 802.11 modulation types, protocol timing and frame preambles, as follows: 

a) IEEE Std 802.11-2007 Clause 14: Frequency-Hopping spread spectrum (FHSS) PHY specification for the  2.4 GHz industrial, scientific, and medical (ISM) band
 

b) IEEE Std 802.11-2007 Clause 15: DSSS PHY specification for the 2.4GHz band designated for ISM applications


c) IEEE Std 802.11-2007 Clause 16: Infrared (IR) PHY specification
d) IEEE Std 802.11-2007Clause 17: Orthogonal frequency division multiplexing (OFDM) PHY specification for the 5 GHz band 

 

e) IEEE Std 802.11-2007 Clause 18: High Rate direct sequence spread spectrum (HR/DSSS) PHY specification 

f) IEEE Std 802.11-2007 Clause 19.5 ERP operation specifications (DSSS/CCK)

 

g) IEEE Std 802.11-2007 Clause 19.5 ERP operation specifications (ERP-OFDM)


h) IEEE Std 802.11-2007 Clause 19.6 ERP-PBCC operation specifications
i) IEEE Std 802.11-2007 Clause 19.7 DSSS-OFDM operation specifications
D.4 TTL Equations and timing parameters 

D.4.1 Frequency-Hopping spread spectrum (FHSS) PHY specification for the  2.4 GHz industrial, scientific, and medical (ISM) band (IEEE Std 802.11-2007 Clause 14) 

The following describes TTL calculations for an FHSS PHY. 

a) Step 1: TxTime calculation (μs) 

TxTime = Tpream + PLCPtime + ceiling((Length * 8) / PHYrate) 

Tpream = 96 μs 

PLCPtime = 32 μs 

Backoff slot = 50 μs 

CWmin = 15 

SIFS = 28 μs 

PHYrate = 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5 

Tack @ 1 Mb/s = 208 μs 

b) Step 2: FS-to-FS interval (μs) 

FS-to-FS interval = TxTime + SIFS + Tack + DIFS + average-collision-free-backoff 

DIFS = SIFS + 2 Backoff Slots = 28 + (2 * 50) = 128 μs 

average-collision-free -backoff = (CWmin / 2) * Backoff slot = (15 / 2) * 50 = 375 μs
c) Step 3: Frame rate calculation (frames per second) 

FR = 1000000 / FS-to-FS interval 

d) Step 4: TTL derivation (Mb/s) 

TTL = FR * Length * 8 / 1000000 

D.4.2 DSSS PHY specification for the 2.4GHz band designated for ISM applications (IEEE Std 802.11-2007 Clause 15) 

a) Step 1: TxTime calculation (μs) 

TxTime = Tpream + PLCPtime + ceiling((Length * 8) / PHYrate) 

Tpream = 144 μs 

PLCPtime = 48 μs 

Backoff slot = 20 μs 

CWmin = 31 

SIFS = 10 μs 

PHYrate = 1 Mb/s or 2 Mb/s 

Tack @ 2 Mb/s = 152 μs 

b) Step 2: FS-to-FS interval (μs) 

FS-to-FS interval = TxTime + SIFS + Tack + DIFS + average-collision-free -Backoff 

DIFS = SIFS + 2 Backoff Slots = 10 + (2 * 20) = 50 μs 

average-collision-free -backoff = (CWmin / 2) * Backoff slot = (31 / 2) * 20 = 310 μs 

c) Step 3: Frame rate calculation (frames per second) 

FR = 1000000 / FS-to-FS interval 

d) Step 4: TTL derivation (Mb/s) 

TTL = FR * Length * 8 / 1000000

D.4.3 Infrared (IR) PHY specification (IEEE Std 802.11-2007 Clause 16) 
a) Step 1: TxTime calculation (μs) 

1 Mb/s TxTime = Tpream + PLCPtime + ceiling((4 + (Length * 8) / PHYrate) 

2 Mb/s TxTime = Tpream + PLCPtime + ceiling((2 + (Length * 8) / PHYrate) 

For 1 Mb/s: Tpream = 16 μs, PLCPtime = 41 μs, Tack = 208 μs 

For 2 Mb/s: Tpream = 20 μs, PLCPtime = 25 μs, Tack = 152 μs 

CWmin = 63 

SIFS = 10 μs 

PHYrate = 1 Mb/s or 2 Mb/s 

Backoff slot = 8 μs 

b) Step 2: FS-to-FS interval (μs) 

FS-to-FS interval = TxTime + SIFS + Tack + DIFS + average-collision-free -Backoff 

DIFS = SIFS + 2 Backoff Slots = 10 + (2 * 8) = 26 μs 

average-collision-free -backoff = (CWmin / 2) * Backoff slot = (63 / 2) * 8 = 252 μs 

c) Step 3: Frame rate calculation (μs) 

FR = 1000000 / FS-to-FS interval 

d) Step 4: TTL derivation (Mb/s) 

TTL = FR * Length * 8 / 1000000 

D.4.4 Orthogonal frequency division multiplexing (OFDM) PHY specification for the 5 GHz band (IEEE Std 802.11-2007 Clause 17) 

The values used in the calculation provided in this subclause are specific to a 20 MHz channel width.

a) Step 1: TxTime calculation (μs) 

TxTime = Tpream + Tsignal + Tsym * ceiling((Pad + (Length * 8) + Tail) / Ndbps) 

Tpream = 16 μs 

Tsig = 4 μs 

Tsym = 4 μs 

SIFS = 16 μs 

Backoff slot = 9 μs 

CWmin = 15 

Tack @ 24 Mb/s = 28 μs 

Pad = 16 

Tail = 6. 

EDITORIAL NOTE: TABLE 29 APPEARS HERE IN DRAFT
b) Step 2: FS-to-FS interval calculation (μs) 

FS-to-FS interval = TxTime + SIFS + Tack + DIFS + average-collision-free Backoff 

DIFS = SIFS + 2 Backoff Slots = 16 + (2 * 9) = 34 μs
average-collision-free -backoff = (CWmin / 2) * Backoff Slot = (15 /2) * 9 = 67.5 μs 

c) Step 3: Frame rate calculation (frames per second) 

FR = 1000000 / FS-to-FS interval 

d) Step 4: TTL derivation (Mb/s) 

TTL = FR * Length * 8 / 1000000 
With default parameters of the BSS basic rate set, the duration and PHY rate at which ACKs are transmitted is listed in Table 30. 

EDITORIAL NOTE: TABLE 30 APPEARS HERE IN DRAFT
EDITORIAL NOTE: Attention, the resolution of CID 1375 is not reflected in this document. The comment should be accepted and the header of Table 30, last column should be modified accordingly.
D.4.5 Example TTL calculation for Orthogonal frequency division multiplexing (OFDM) PHY specification for the 5 GHz band5 GHz OFDM (IEEE Std 802.11-2007 Clause 17) asuming a 20 MHz channel 

The following parameters are selected for this example: 

PHYrate = 54 Mb/s 

Length = 1024 bytes 

NOTE—The length is an arbitrary value chosen for this example and may range from 0 to 2304 octets without encryption. 

a) Step 1: TxTime as a function of PHY Rate and Length 

TxTime = 16 + 4 + 4 * ceiling((16 + (8 * 1024 + 6) / 216) = 176 μs 

b) Step 2: FS-to-FS interval 

FS-to-FS interval = 176 + 16 + 28 + 34 + (7 * 9) = 321.5 μs 

c) Step 3: Frame rate 

FR = 1000000 / 321.5 = 3110.4 frames per second 

d) Step 4: Theoretical Throughput Limit 

TTL = 3110.4 * (1024 * 8) / 1000000 = 25.48 Mb/s 

D.4.6 High Rate direct sequence spread spectrum (HR/DSSS) PHY specification  (IEEE Std 802.11-2007 Clause 18)
a) Step 1: TxTime calculation (μs) 

TxTime = Tpream + PLCPtime + ceiling(((Length + PBCC Indicator) * 8) / PHYrate)  +
                 + Clock Switch Time
Note to the Editor: watch the line break in the above equation; possibly insert a manual line break to avoid confusion when reading the equation.

PBCC Indicator = 1 for PBCC, 0 for CCK 

Clock Switch Time = 1 μs @ PBCC Mode of 33 Mb/s, otherwise 0 

Long preamble: Tpream = 144 μs, PLCPtime = 48 μs 

Short preamble: Tpream = 72 μs, PLCPtime = 24 μs 

Backoff slot = 20 μs 

CWmin = 31 

SIFS = 10 μs 

DSSS PHYrate = 2, 5.5 or 11 Mb/s 

PBCC PHYrate = 5.5, 11, 22 or 33 Mb/s 

 Tack @ 2 Mb/s = 152 μs 

b) Step 2: FS-to-FS interval (μs) 

FS-to-FS interval = TxTime + SIFS + Tack + DIFS + average-collision-free -Backoff 

DIFS = SIFS + 2 Backoff Slots = 10 + (2 * 20) = 50 μs 

average-collision-free -backoff = (CWmin / 2) * Backoff Slot = (31 / 2) * 20 = 310 μs 

c) Step 3: Frame rate calculation (μs) 

FR = 1000000 / FS-to-FS interval 

d) Step 4: TTL derivation (Mb/s) 

TTL = FR * Length * 8 / 1000000 

D.4.7 ERP operation specifications for DSSS/CCK (IEEE Std 802.11-2007 Clause 19.5)
This PHY requires short preamble and short PLCP header. 

a) Step 1: TxTime calculation (μs) 

TxTime = Tpream + PLCPtime + ceiling((Length * 8) / PHYrate) 

Tpream = 72 μs 

PLCPtime = 24 μs 

Backoff slot = 20 μs 

PHYrate = 2, 5.5 or 11 Mb/s 

Tack @ 5.5 Mb/s = 116 μs 

CWmin = 31 

SIFS = 10 μs 

b) Step 2: FS-to-FS interval (μs) 

FS-to-FS interval = TxTime + SIFS + Tack + DIFS + average-collision-free -Backoff 

DIFS = SIFS + 2 Backoff slots = 10 + (2 * 20) = 50 μs
average-collision-free -backoff = (CWmin / 2) * Backoff Slot = (31 / 2) * 20 = 310 μs
c) Step 3: Frame rate calculation (μs) 

FR = 1000000 / FS-to-FS interval 

d) Step 4: TTL derivation (Mb/s) 

TTL = FR * Length * 8 / 1000000 

D.4.8 ERP operation specifications for OFDM (IEEE Std 802.11-2007 Clause 19.5)


a) Step 1: TxTime calculation (μs) 

TxTime = Tpream + Tsignal + Tsym * ceiling((16 + (8 * Length) + 6) / Ndbps) + SigEx 

Tpream = 16 μs 

Tsignal = 4 μs 

Tsym = 4 μs 

SIFS = 10 μs 

Backoff slot = 9 μs 

CWmin = 15 

Tack @ 24 Mb/s = 28 μs 

SigEx = 6 μs. 

EDITORIAL NOTE: Table 31 appears here in 802.11.2-D1.0 but is not included in this document.

b) Step 2: FS-to-FS interval (μs) 

TxTime + SIFS + Tack + DIFS + average-collision-free Backoff 

DIFS = SIFS + 2 Backoff slots = 10 + (2 * 9) = 28 μs 

average-collision-free -Backoff = (CWmin / 2) * Backoff Slot = (15 / 2) * 9 = 67.5 μs
c) Step 3: Frame rate calculation (frames per second) 

FR = 1000000 / FS-to-FS interval 

d) Step 4: TTL derivation (Mb/s) 

TTL = FR * Length * 8 / 1000000 

D.4.9 ERP-PBCC operations specifications (IEEE Std 802.11-2007 Clause 19.6) 

a) Step 1: TxTime calculation (μs) 

For PBCC 5.5 and 11 Mb/s: 

TxTime = Tpream + PLCPtime + ceiling(((Length + PBCC Indicator) * 8) / PHYrate) 

For ERP-PBCC 33 Mb/s: 

TxTime = Tpream + PLCPtime + ceiling(((Length + PBCC Indicator) * 8) / PHYrate) + CkSwTime 

Long preamble: Tpream = 144 μs, PLCPtime = 48 μs 

Short preamble: Tpream = 72 μs, PLCPtime = 24 μs 

PBCC Indicator = 1 for PBCC, 0 for CCK 

CkSwTime = 1 μs 

Backoff slot = 20 μs 

SIFS = 10 μs 

CWmin = 31 

Tack @ 2 Mb/s = 152 μs 

b) Step 2: FS-to-FS interval (μs) 

FS-to-FS interval = TxTime + SIFS + Tack + DIFS + average-collision-free -Backoff 

DIFS = SIFS + 2 Backoff slots = 10 + (2 * 20) = 50 μs
average-collision-free -backoff = (CWmin / 2) * Backoff Slot = (31 / 2) * 20 = 310 μs 

c) Step 3: Frame rate calculation (μs) 

FR = 1000000 / FS-to-FS interval 

d) Step 4: TTL derivation (Mb/s) 

TTL = FR * Length * 8 / 1000000 

D.4.10 DSSS-OFDM operations specifications (IEEE Std 802.11-2007 Clause 19.7) 

a) Step 1: TxTime calculation (μs) 

TxTime = TpreamDSSS + PLCPheaderTimeDSSS 
            + TpreamOFDM + TplcpSignalOFDM 
            + 4 * ceiling((PLCPserviceBits + 8 * 
(Length) + Pad) / Ndbps) + SigEx 

TpreamDSSS = 144 μs for long preamble or 72 μs for short preamble
PLCPheaderTimeDSSS = 48 μs for long preamble or 24 μs for short preamble
TpreamOFDM = 8 μs 

TplcpSignalOFDM = 4 μs 

PLCPserviceBits  = 16 bits

Pad = 6 bits

SigEx = 6 μs









SIFS = 10 μs 

Backoff slot = 9 μs 

Tack @ 24 Mb/s = 28 μs 


CWmin = 31 

EDITORIAL NOTE: Table 32 appears here in 802.11.2 but is not included in this document.

b) Step 2: FS-to-FS interval calculation (μs) 

FS-to-FS interval = TxTime + SIFS + Tack + DIFS + average-collision-free -Backoff 

DIFS = SIFS + 2 Backoff slots = 10 + (2 * 9) = 28 μs 

average-collision-free -backoff = (CWmin / 2) * Backoff slot = (31 / 2) * 9  = 139.5 μs 

c) Step 3: Frame rate calculation (frames per second) 

FR = 1000000 / FS-to-FS interval 

d) Step 4: TTL derivation (Mb/s) 

TTL = FR * Length * 8 / 1000000 
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