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This

Introduction

This document provides additional information regarding the use of 40MHz channels proposed in the 802.11n draft currently in the IEEE 802 sponsor ballot process. Document 11-09-0224-02-000n-sb0-coex-40mhz-other-systems was generated by the 802.11n sponsor ballot resoution committee to justify decision to disagree with all 58 of the 40 MHz coexistence with other systems comments generated by 33 sponsor vallot voters in the first sponsor ballot. Document 11-09-0037-04-000n-tgn-sb-coex-comments is the official comment resolution summary for coexistence of 40MHz channels with other systems.

During the comment resolution process, several members of the committee asked to have inaccurate statements in 09/224 corrected to better reflect how other systems behave in the presence of 40MHz 802.11n channel operation and the harmful impact operation of 802.11n devices using 40MHz channels has on those other devices.

The document also includes a reference to a live demonstration of operation of 802.11n devices operating in close proximity to Bluetooth devices running a single application that demonstrated no impact on the demonstrated use case. However, the live demonstration used prototype equipment that was not documented nor were any measurements taken regarding the amount of errors detected that had to be corrected by retransmissions. It was also not clear whether the demonstration used active Adaptive Frequency Hopping (AFH) assessment or just used a fixed channel mask that always removed the 43 channels that were being used by the 802.11n devices.

Inaccurate Statements in 09/242r2

On page 9 in the section on comparison between 802.11n, 802.15.1, and 802.15.4, the following text is included:

“-Energy detect of non-like systems prior to transmission
    -802.11n: Mandatory

    -802.15.1: NONE

    -802.15.4: Optional” (note that formatting changed for readability)

It is well known that Bluetooth systems based on IEEE Std 802.15.1™-2005 utilize AFH methods to limit the number of channels used in the 2.4 GHz spectrum to those that are not being used by other systems or have too much interference for reliable transmission. This feature is based on a recommended practice developed by IEEE 802.11 and 802.15 (IEEE Std 802.15.2™-2003). The channel assessment methods used to determine which channels to avoid may include energy detection performed on a regular basis. Since frequency hopping media access methods typically dwell on a single channel for asmall amount of time, it is not possible to detect energy prior to each transmission. Detection of unusable channels is done on a regular basis prior to enabling use of any channel in an adaptive hopping sequence. Just because detection of non-like systems prior to transmission is different than that chosen by the 802.11 standards does not mean is it not done. ‘NONE’ in the text should be replaced with “Typically done prior to selection of channels for use in an adaptive hopping sequence”.

Following the listing of coexistence fatures is this paragraph:

“It is evident from the comparison list above that the 802.11n amendment already includes coexistence functions that exceed that of 802.15.1 and 802.15.4.  Even so, in the spirit of compromise between 802.11n proponents and 802.15 proponents, a recommendation was added in 802.11n Draft 7.0 that 40 MHz not be used if the station has knowledge of non-802.11 communication devices operating in the area, see 11-08/1174.”

Because of the failure to accept different methods of energy detection used for frequency hopping systems, this conclusion is not valid. No measurements have been provided to show that the specified CCA methods defined for 802.11n will detect 802.15.1 or 802.15.4 signals and delay transmission. The recommendation added to Draft 7.0 was added as a non-normative note with no requirement for any conforming device to act on that recommendation. During the comment resolution process, it was proposed to modify this recommendation to make it actionable (see 11-09-0233-01-000n-tgn-sb-on-non-802-scanning-cids), but it was also voted down.

Following this paragraph is another invalid statement regarding FCC and ETSI requirements:

“The spectrum usage of 802.11n should also be compared to an 802.15.1 device.  802.15.1 devices will use all of the 79 MHz in the 2.4 GHz ISM band if at all possible.  This occurs even though in 2002, the FCC ruled that only 15 MHz is required by frequency hopped spread spectrum systems like 802.15.1.  The ETSI requirement is 20 channels.”

However the text in PART15_07-10-08 states:

“Frequency hopping systems in the 2400-2483.5 MHz band shall use at least 15 channels. The average time of occupancy on any channel shall not be greater than 0.4 seconds within a period of 0.4 seconds multiplied by the number of hopping channels employed. Frequency hopping systems may avoid or suppress transmissions on a particular hopping frequency provided that a minimum of 15 channels are used.”

The FCC did not state that only 15 MHz is required. The FCC requires “at least 15 channels” shall be used regardless of their size, and also allows such systems to “avoid or suppress transmissions on a particular hopping frequency provided that a minimum of 15 channels are used”. A rather different conclusion from the one provided in the comment resolution rationale. One of the goals of the FCC has always been to spread transmissions across the available channel to avoid ceation of systems that utilize excessive power levels to ensure reliable transmission to the detriment of other users of the spectrum.

Furthrer on in this same paragraph, the following statement appears:

“Bluetooth AFH algorithm that avoids only 43 MHz out of 79 MHz has shown uninterrupted A2DP audio streaming in the presence of 40 MHz 802.11n transmissions.”

This is based on a demonstration using prototype Bluetooth transmitter that may have been locked down to use only those channels that will not be used by the 802.11n devices. There were no measurements of the number of Bluetooth retransmissions required to maintain “uninterrupted A2DP audio streaming”. If the use of 40 MHz channels requires a Bluetooth device to double or triple the number of retransmissions required to maintain an A2DP link, the energy consumption of that device will increase significantly and reduce playback time.

On page 11 the following paragraph describes the “live demonstration”:

“A live demonstration was given at the January 2009 IEEE 802.11 meeting, consisting of an active 802.11n link between an AP and client that periodically switched between 20 MHz to 40 MHz operation.  A BT stereo headset was placed one foot from the 802.11n transmitting client device.  The BT master was placed under the table to make the BT link more succeptable to interference.  The demonstration showed no difference in the quality of the streaming music during periods when the 802.11n device was transmitting 40 MHz or 20 MHz.  Futhermore, there was no distruption due to switching between 20 MHz and 40 MHz. The BT AFH algorithm was “on” in this case, with 43 MHz masked off in the case of the 40 MHz 802.11n transmissions.”

Such demonstrations can be shown to work, but without placing Bluetooth devices into acual production packages and using them in typical use cases, the results are just a demonstration of one situation that seems to work, but is not representative of actual consumer experiences. Without any measurement of the transmit power including antenna gain of the Bluetooth transmitter, it is not possible to have any credible results. Such situations were uncovered in earlier document of test situations where one party claimed no problems and the other party claimed significant degredation. However, no one as proven that the measurements documented in 11-08/992 do not accurately represent the impact of 40 MHz 802.11n channels on the operation of Bluetooth devices.

Finally the conclusion on page 11:

“Based on the fact that hundreds of millions of 802.11 and Bluetooth devices coexist today, that additional protection mechanisms are contained in 802.11n, the typical usage scenarios, and actual measurements of coexistence, the TGn Comment Resolution Committee believes that coexistence has been properly addressed and no further change to the draft is required.”

There are hundres of millions of 802.11 devices and billions of Bluetooth devices that do coexist today because the 802.11 devices are only using 20 MHz channels in 2.4 GHz. It is the introduction of 40 MHz channels by the 802.11n channel without proper consideration for the impact of their usage on other incumbant users of 2.4 GHz spectrum that is the issue with the negative sponsor ballot comments. The TGn Comment Resoution Committee has selectively chosen which measurements they will accept to represent “actual measurements of coexistence” without addressing minority opinions. It seems to be a conclusion selected to ensure that no changes are made to the 802.11n draft.

Conclusion

The TGn Comment Resolution Committee has chosen to accept measurements that reach the conclusion they want and reject all others. This does not seem to reflect the open and transparent process desired by the IEEE Standards Association for the devopment of international standards. There is a significant amount of mandatory coexistence language in the current 802.11n draft to protect legacy 802.11 devices from the introduction of new 802.11n devices. However, nothing more than a note recommending proper action and use of the Forty MHz Intolerant bit that can only be sent by a device capable of transmitting 802.11 signals has been offered to protect non-802.11 devices.

Appropriate changes to the 802.11n draft amendment are needed before it can be approved as an IEEE 802 standard.
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Letter from Bluetooth SIG Executive Director (reproduced below)

From: Mike Foley [mailto:mfoley@bluetooth.com] 
Sent: Wednesday, March 04, 2009 4:20 AM
To: paul.nikolich@att.net; Bruce Kraemer
Subject: 40 MHz Channels in the 2.4 GHz Spectrum

Dear Sirs:
 
The Bluetooth SIG representing over 11,000 member companies from around the world would like to express our concerns with the introduction of 40 MHz channels in 2.4 GHz spectrum by the proposed IEEE 802.11n amendment to IEEE Std 802.11™-2007.
 
The 2.4 GHz spectrum is used by a number of other standards including IEEE 802.15.1, 802.15.3 and 802.15.4, and has been widely adopted in the industry (e.g., Bluetooth SIG, Wi-Fi Alliance, and ZigBee Alliance), utilization of 50% of the available spectrum by a single device significantly reduces the amount of available spectrum for use by other radio systems sharing the same spectrum. Some of the radio systems using this spectrum have been designed in consideration of typical IEEE 802.11 20 MHz channel operation where channels 1, 6 and 11 are normally used leaving space between those bands for operation of devices with small channel widths (e.g. IEEE 802.15.4). Other have been designed using the IEEE Std 802.15.2(tm)-2004 recommended practice that included Adaptive Frequency Hopping (AFH) allowing coexistence between frequency hopping devices (e.g., IEEE Std 802.15.1(tm)-2001/5) using 1 MHz channels and IEEE 802.11 devices using 20 MHz channels. 
 
Measurements of the impact of use of 40 MHz channels in the 2.4 GHz spectrum have shown that 66% of the available IEEE 802.15.1 hopping channels must be removed to prevent interference from a single device using a 40 MHz channel (See 11-08-0992-01-000n-20-40-mhz-11n-interference-on-bluetooth, 11-08-1140-00-000n-11n-40-mhz-and-bt-coexistence-test-results and 11-08-1101-05-000n-Additional-40-MHz-Scanning-Proposal). This is caused by the channel mask for the proposed 40 MHz signal that is only 28 DB down 40 MHz from the center frequency. This effectively introduces interference across 75% of the 2.4 GHz spectrum when the 40 MHz signals are at the top or bottom of the band. Good detection algorithms built into devices can determine what portions of the channel to avoid, but the variability of use and compression of the available number of channels into a small portion of the band reduces noise immunity and spectrum sharing capabilities below an acceptable level.
 
Over 2.5 Billion Bluetooth wireless devices have been shipped based on IEEE Std 802.15.1™-2005. Many of these devices implement the Adaptive Frequency Hopping (AFH) mechanism recommended in IEEE Std 802.15.2™-2003 and subsequently incorporated into IEEE 802.15.1 and all recent Bluetooth specifications. The Bluetooth SIG has implemented specifications that coexist well with current IEEE 802.11 based devices and would like to continue operating in the 2.4 GHz spectrum while coexisting with IEEE 802.11 devices. Using 40 MHz channels should only be allowed if the 802.11 device ensures that no other devices are attempting to operating in proximity of those devices so the 802.11n devices do not severely restrict the operation of the other devices.
 
Thanks,
 
Mike Foley, Ph.D., Executive Director
Bluetooth SIG, Inc.
500 108th Ave NE, Suite 250
Bellevue, WA  98004
425-691-3530



Abstract


The 802.11n sponsor ballot resolution committee created 11-09-0224-02-000n-sb0-coex-40mhx-other-systems.doc as the rationale for disagreeing with all of the 40MHz coexistence with other systems comments (57) generated by thirty-three (33) sponsor ballot voters against approval of the 802.11n draft that includes operation using 40MHz channels in the 80MHz wide 2.4 GHz spectrum. During the comment resolution process several minority members attempted to get inaccurate statements in this document corrected, but were voted down by the majority of the attendees. This documents attempts to address these innacruate statements as additional information to be used for an additional no vote on approval of the most recent 802.11n draft that has no changes to improve coexistence with other radio systems in the 2.4 GHz spectrum.
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