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Abstract

We at Philips completed the task of adding PLCP preamble, PLCP header, and PHY layer delays to the OPNET 802.11 Wireless LAN simulation model with both 802.11a and 802.11b PHYs. This document summarizes our implementation assumptions and the implementation details in the related node models and process model. Several new problems found in the latest OPNET model (released on July 06, 2000) are also briefly reported.

1. Task Assignment

From the earlier IEEE 802.11 TGe simulation ad hoc group meeting, Philips was assigned the following tasks in the OPNET 802.11 Wireless LAN model enhancement:

· Adding PLCP preamble and header

· Adding PHY layer delays such as CCA delay and Rx-Tx turnaround time

· Modelling IEEE 802.11a PHY 

· Adding the interface to IEEE 1394 

2. Implementation Assumptions and Platform

First, since we are more interested in providing QoS support based on higher rate PHYs, we implemented two different node models, “PHILIPS_11a_wlan_station_adv” using .11a PHY, and “PHILIPS_11b_wlan_station_adv” using .11b PHY. While the current OPNET “wlan_station_adv” node model supports 4 PHY rates, i.e., 1/2/5.5/11 Mbps, even for FHSS and IR PHYs, it is technically incorrect. For both new node models, the same “PHILIPS_wlan_mac” process model is used for the “wireless_lan_mac” processor. However, the delay parameters of transmitter/receiver packet streams and statistics wires are different due to different PHY layer delays for .11a PHY and .11b PHY. The “PHILIPS_wlan_mac” process model has been modified to include the PLCP overhead and the PHY-layer-delay-related timing changes.

Second, we implemented the draft version of the multiple rate support (see section 9.6 of [1]), which is not part of Philips’ task assignment. In the current OPNET “wlan_mac” process model, all the control frames are transmitted using the same hard-coded rate, which is 1 Mbps, independent of the data transmission rate. Besides, BSS Basic Rate Set and Operational Rate Set are not implemented by OPNET. Actually, it is critical for the OPNET Wireless LAN simulation model to be able to set the control frame transmission rate correctly. This draft version of the multiple rate support was implemented based on our BSS Basic Rate Set assumptions that are listed in Table 1.

Table 1. BSS Basic Rate Set Assumptions


IEEE 802.11a PHY (Mbps)
IEEE 802.11b PHY (Mbps)

BSS Basic Rate Set
6, 12, 24 (mandatory rates for 802.11a PHY)
1, 2 (rates for DSSS PHY)

Operational Data Rates
6, 9, 12, 18, 24, 36, 48, 54
1, 2, 5.5, 11

Third, the interface to IEEE 1394 is not implemented, because it has the lowest priority among the enhancement tasks.

The following sections describe the implementation details in the node models and the process model. All the C codes modified in the process model have comments that start with “PHILIPS …”.

3. Implementation Details of ‘PHILIPS_11b_wlan_station_adv’ Node Model

This new node model is built by modifying the current OPNET “wlan_station_adv” node model released on July 06, 2000. We have made the following changes to make it consistent with the .11b PHY description:

· Set the delay parameter of each “Tx packet stream” to be “aRxTxTurnaroundTime = 5(s” (see p. 120 of [1]). When a station is active, it will always sense the channel (receiving mode). So, whenever it starts transmission, it always needs to switch from the receiving mode to the transmitting mode. Therefore, this “aRxTxTurnaroundTime” delay always applies to the “Tx packet stream”.

· Set the delay parameter of each “Tx stat wire” to be 0. This delay is actually the time period after the end of last bit of the last data octet entering the wireless medium till the MAC gets the “PHY_TXEND.confirm” signal. However, this delay is not specified explicitly in the standard, and the only word to describe this delay is “immediately after” (see clause 12.3.5.7.3 of [1]).

· Set the delay parameter of each “Rx packet stream” to be “D1 = 5(s” (see Fig. 58 and p. 120 of [1]). Because it takes “D1 = RxRFDelay + RxPLCPDelay” time for the last bit of a frame to reach the MAC from the air interface.

· Split each “Rx stat wire” into two stat wires: the “Rx stat wire with rising edge” and the “Rx stat wire with falling edge”.

· Set the delay parameter of each “Rx stat wire with rising edge” to be “aCCATime = 15(s” (see p. 120 of [1]). This is because when a frame arrives, it takes “aCCATime” for the PHY to determine that the channel is busy and report to the MAC.

· Set the delay parameter of each “Rx stat wire with falling edge” to be “D1 = 5(s”.  This delay is actually the time period from the medium is idle till the MAC gets the “PHY_CCA.indicate(IDLE)” signal. From Fig. 135 and 136 of [2], we can see that the “PHY_CCA.indicate(IDLE)” signal is sent at the same time as the “PHY_RXEND.indicate” signal, which is “D1” time after the medium is idle (see Fig. 58 of [1]). 

· Note that the values of the above PHY layer delay parameters are determined based on Table 101 of [2], and we always use the maximum value for a delay parameter if a range of values have been specified for it.

· Change the stream number connecting the “wireless_lan_mac” processor with the “wlan_mac_intf” processor. Make sure that this number is larger than any of the stream numbers connecting the “wireless_lan_mac” processor with the radio transmitter/receiver modules.

4. Implementation Details of ‘PHILIPS_11a_wlan_station_adv’ Node Model

This new node model is built by modifying the current OPNET “wlan_station_adv” node model released on July 06, 2000. We have made the following changes to make it consistent with the .11a PHY description:

· To include the 8 new data rates supported by .11a PHY, add 8 more channels in both the radio transmitter and the radio receiver modules. Besides, modify the packet streams and the statistic wires for the same purpose.

· Set the delay parameter of each “Tx packet stream” to be “aRxTxTurnaroundTime = 2(s” (see p. 120 of [1]).

· Set the delay parameter of each “Tx stat wire” to be 0 (see clause 12.3.5.7.3 of [1]).

· Set the delay parameter of each “Rx packet stream” to be “D1 = 12(s” (see Fig. 58 and p. 120 of [1]).

· Split each “Rx stat wire” into two stat wires: the “Rx stat wire with rising edge” and the “Rx stat wire with falling edge”.

· Set the delay parameter of each “Rx stat wire with rising edge” to be “aCCATime = 4(s” (see p. 120 of [1]).

· Set the delay parameter of each “Rx stat wire with falling edge” to be “D1 = 12(s” (see Fig. 124 and 125 of [3], and see Fig. 58 of [1]).

· Note that the values of the above PHY layer delay parameters are determined based on Table 93 of [3], and we always use the maximum value for a delay parameter if a range of values have been specified for it.

5. Implementation Details of ‘PHILIPS_wlan_mac’ Process Model

This new process model is built by modifying the current OPNET “wlan_mac” process model released on July 06, 2000. We have made the following changes to include the PLCP overhead and the PHY-layer-delay-related timing changes.

5.1 In “Model Attributes” Menu

In the process editor, click the “Model Attribute” of the “Interface” menu, there is a “Wireless LAN Parameters” compound in the dialogue. One of the parameters is “Physical Characteristics”, and add three more cases for .11b PHY with long/short preamble and .11a PHY.

5.2 New “State Variables”

· “plcp_preamble” : the duration in seconds of the PLCP preamble.

· “plcp_header” : the duration in seconds of the PLCP header.
· “response_operational_speed” : the transmission rate of the response frame (CTS or ACK), which is determined by the transmission rate of the arrival frame. (see section 9.6 of [1])
· “rxtx_turnaround_time” : the Rx-Tx turnaround time in seconds. (see p. 120 of [1])
· “D1_delay” : the D1 delay in seconds. (see Fig. 58 and p. 120 of [1])
5.3 In “Header Block”

· Add 8 more packet streams to accommodate .11a PHY, and also change “LOW_LAYER_INPUT_STREAM_CH4 (=3)” to “LOW_LAYER_INPUT_STREAM_CH12 (=11)” for the same reason. Change macro “FRAME_RCVD” accordingly.

· Add 3 more options in “WlanT_Phy_Char_code” for .11b PHY with long/short preamble and .11a PHY.

· Change macro “MEDIUM_IS_IDLE” to include the Rx-Tx turnaround time.

· Define three more tool functions.

5.4 In “Function Block”

· In function “wlan_mac_sv_init()”

· Add new cases of “phy_char_flag” for .11b PHY with long/short preamble and .11a. PHY.

· Initiate the new state variables “plcp_preamble”, “plcp_header”, “rxtx_turnaround_time”, and “D1_delay” for different PHY case.

· Check whether the specified transmission rate is supported by the specified PHY.

· In function “wlan_prepare_frame_to_send()”

· Determine the “control_frame_operational_speed” according to the specified “operational_speed”.

· Consider PLCP overhead in the calculation of Duration/ID field.

· Correct the Duration/ID calculation in the original OPNET implementation.

· The frame size is extended by the size of PLCP overhead, which will be used in the receiver pipeline stage.

· Transmit the RTS frame using the “control_frame_operational_speed”, and transmit CTS or ACK frames using the “response_operational_speed”. This is the improvement to the original OPNET implementation, where all the control frames are transmitted at hard-coded 1Mbps, which is not realistic.

· If using .11a PHY, then add to MPDU: 16 SERVICE bits, 6 tail bits, and some padding bits if necessary.

· In function “wlan_interrupts_process()”

· Calculate the “response_operational_speed” for CTS or ACK frames, based on the arrival packet stream number.

· When the MAC gets the “PHY_CCA.indicate(IDLE)” signal, the wireless medium has actually been idle for D1 time (see Fig. 58 of [1]). So the “rcv_idle_time” is changed to be “D1_delay” earlier.

· In function “wlan_schedule_deference()”

· Change the deference interrupt to be “rxtx_turnaround_time” shorter. This is because, in order to meet the deference timing on the wireless medium, the MAC needs to start preparing transmission at the slot boundaries, which are “rxtx_turnaround_time” earlier.

· Add new tool function “PHILIPS_wlan_outstream_for (double transmission_rate)”

· This function is to determine the output stream for the current packet, based on its transmission rate.

· Add new tool function “PHILIPS_ofdm_wlan_ctrl_frame_length (char* type, double transmission_rate)”

· Due to bit padding when using .11a PHY, each control frame is padded to different length under different transmission rates.

· Add new tool function “PHILIPS_response_operational_speed_for (int in_strm)”

· This function is to determine the “response_operational_speed” for CTS or ACK frames, based on the arrival packet stream number.

5.5 In “FRM_END” State Enter Executives

· Change the contention window interrupt to be “rxtx_turnaround_time” shorter.

· Correct the frame timeout interrupt set-up.

6. Open Problems

· Multiple rate support should be implemented correctly, and this needs much more efforts.

· Contention window implementation by OPNET has some problem, and Philips will report it to OPNET.

· EIFS implementation by OPNET is totally messed up, and Philips will report it to OPNET.
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