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Abstract

This document contains a proposal to Task Group H for Transmitter Power Control (TPC) and Dynamic Frequency Selection (DFS). It updates a proposal for TPC that was first described in document IEEE 802.11-01/001.  A companion document, 802.11-01/218, contains a statement of compliance with the functional requirements and comparison criteria for this proposal.

1. Introduction

The primary goal of this proposal is to facilitate compliance with the European requirements for the operation of wireless local area networks in the 5 GHz bands.  These requirements are described in document 802.11-00/171.  For TPC, the relevant requirement is to have a “power control process capable of ensuring a mitigation factor of at least 3 dB”.  For DFS, the requirement is to avoid occupied channels and to ensure a uniform spreading over all of the available channels. This proposal provides the necessary enhancements to the 802.11a PHY and 802.11 MAC to allow the necessary TPC and DFS processes to be implemented.  Furthermore, these enhancements, by design, will allow interoperability between different vendor implementations.  The actual implementation of TPC and DFS algorithms is left to the equipment vendor.

A secondary goal of this proposal is to enable TPC/DFS systems that will help to reduce overall interference levels in the 5 GHz bands.  This will enable higher density wireless lans to be implemented.  As stations move closer to access points they will reduce their power levels and reduce the chance of interfering with other BSSs.  DFS will help minimize interference between adjacent and overlapping BSSs. TPC/DFS will also improve coexistence with any other type of equipment that shares the 5 GHz bands.  These benefits have the potential of greatly enhancing the application of the 802.11a standard.

This document has three major sections to describe the details of the proposal.  The first is a description of the changes to the 802.11a PHY.  Next is a description of the changes to the 802.11 MAC.  Both changes are necessary to implement TPC and DFS.  Last is a description of how TPC and DFS will operate in an 802.11 system.   

2. 802.11a PHY Modifications

Two modifications to the 802.11a PHY are necessary for TPC and DFS.  First, in order to enforce consistency and interoperability for TPC, standardized transmitter power levels are required.  Following the guidelines of the ERC, the TX power levels are specified as Effective Isotropic Radiated Power (EIRP). A table of the defined TX power level settings is given in Section 2.1.  These settings are defined in 1 dB steps, in order to allow appropriate EIRP settings for all frequencies and regulatory domains.  It is not required, nor is it expected, that all power levels will be implemented in a given STA.  The only requirement is that the device is capable of TX power levels that will allow compliance with the ERC rules.

For DFS operation, it is necessary to standardize RSSI settings.  At present, the 802.11a standard defines RSSI information with up to 8 bits and no absolute calibration of these levels.  This is not sufficient for DFS, since channel selection will require multiple measurements from STAs that may have different implementations.  We must insure that these RSSI measurements are consistent.  Therefore, we define a set of standardized RSSI levels in Section 2.2.

2.1
TX Power Levels

The TXPWR_LEVEL parameter of the PMD_TXPWRLVL.request primitive is modified to incorporate 64 settings that are represented by a 6 bit number.  The mapping between power settings and EIRP is given in the table below.  TGh compliant PHYs must use this mapping, but they are not required to implement all the power settings. As a minimum, they must implement at least one power setting that is at least 3 dB below the maximum power setting for the particular frequency band in which they intend to operate.  The MIB parameter aNumberSupportedPowerLevels is set to the actual number of different power levels that are implemented. Of course, implementation of as many power levels as possible is encouraged.  Tolerances for the power settings are TBD.

Figure 1
TX Power Level Settings

	TX Power Setting 
	EIRP TX Power (dBm)

	111111
	+30

	111110
	+29

	111101
	+28

	111100
	+27

	111011
	+26

	111010
	+25

	111001
	+24

	111000
	+23

	110111
	+22

	110110
	+21

	110101
	+20

	110100
	+19

	110011
	+18

	110010
	+17

	110001
	+16

	110000
	+15

	101111
	+14

	101110
	+13

	101101
	+12

	101100
	+11

	101011
	+10

	101010
	+9

	101001
	+8

	101000
	+7

	100111
	+6

	100110
	+5

	100101
	+4

	100100
	+3

	100011
	+2

	100010
	+1

	100001
	0

	100000
	-1

	011111
	-2

	011110
	-3

	011101
	-4

	011100
	-5

	011011
	-6

	011010
	-7

	011001
	-8

	011000
	-9

	010111
	-10

	010110
	-11

	010101
	-12

	010100
	-13

	010011
	-14

	010010
	-15

	010001
	-16

	010000
	-17

	001111
	-18

	001110
	-19

	001101
	-20

	001100
	-21

	001011
	-22

	001010
	-23

	001001
	-24

	001000
	-25

	000111
	-26

	000110
	-27

	000101
	-28

	000100
	-29

	000011
	-30

	000010
	-31

	000001
	-32

	000000
	-33


2.2
RSSI Settings

RSSI information is reported in the lower 3 bits of PMD_RSSI.indicate using the following mapping.  The RSSI level is calibrated as dBm at the antenna terminals.   Tolerances for the levels are TBD.

Figure 2 RSSI Levels

	RSSI Code
	RSSI Level (dBm)

	111
	RSSI > =-49

	110
	-55 <= RSSI < -49

	101
	-61 <= RSSI < -55

	100
	-67 <= RSSI < -61

	011
	-73 <= RSSI < -67

	010
	-79 <= RSSI < -73

	001
	-85 <= RSSI < -79

	000
	RSSI <-85


2.3
5470 – 5725 MHz band

The frequency range of the 802.11a PHY is expanded to include the 5470-5725 MHz band for use in Europe and any other regions where it may be authorized.

3. 802.11 MAC Modifications

Modifications to the 802.11 MAC are designed to facilitate TPC and DFS with the minimum number of changes possible and to be consistent with development in Task Group E.  We define modifications to three management frames, Beacon, Probe Request, and Probe Response. These are described below. 
3.1
Beacon Frame

The beacon frame is modified to incorporate a two new elements, TPC Status and DFS Status.  TPC Status is used to indicate the maximum allowed transmitter power in the BSS.  This is intended for applications where a fixed upper power level for all STAs is necessary. Compliance with the most recently received maximum TX power setting is mandatory.  STAs must use a power setting that is less than or equal to that in the TX Power Limit octet.

DFS Status is used to indicate an imminent change in the channel for the BSS.  The beacon frame format is modified as shown below.  

Figure 3 Beacon Frame Format

	Order
	Information

	1
	Timestamp

	2
	Beacon Interval

	3
	Capability Information

	4
	SSID

	5
	Supported Rates

	6
	FH Parameter Set

	7
	DS Parameter Set

	8
	CF Parameter Set

	9
	IBSS Parameter Set

	10
	TIM

	11
	TPC Status

	12
	DFS Status


Figure 4 TPC Status Element Format

	Octets: 1
	1
	1

	Element ID
	Length
	TX Power Limit


The lower 6 bits of the TX Power Limit define the maximum EIRP for all STAs in the BSS.  Upon reception of this element, an STA must use a TX power setting at or below the specified limit. 

Figure 5 DFS Status Element Format

	Octets: 1
	1
	1
	1

	Element ID
	Length
	New Channel
	Number of Beacons


The New Channel octet contains the channel information for the channel the BSS will move to.  The center frequency corresponding to the channel number is defined as in 802.11a:

Center Frequency = 5000 + 5 x Channel (MHz)

The Number of Beacons octet announces the number of additional beacon frames that will be transmitted before the channel change.  The AP will count down the value of Number of Beacons with each Beacon frame until a value of zero is used for the last beacon on the old channel.

3.2
Probe Request

The probe request frame is modified to incorporate new elements, TPC Inquiry, TPC Request, and DFS Request, as shown below.  TPC Inquiry is used when a STA wishes to determine the TX Power Limit that is in force for the BSS.  The AP will respond with a probe response frame containing a TPC Status element  

TPC Request is used when a STA wishes another station to either indicate its current TX power or to adjust it to a new level.  For example, under a distributed TPC system, a station would use a probe request to inform the AP of the transmit power it should use in order for the STA to receive an adequate signal.  We also define a new usage for the Probe Request frame in which an AP can use a probe request to request that a station adjust its power to a certain level.  Unlike the TPC Status element in the beacon frame, the TPC Request is not a mandatory setting.  The recipient of the TPC Request is allowed to make the final decision on what its power level should be.  It then communicates that power level with a probe response frame with a TPC Response element. 

The DFS Request and DFS Response elements are used by the AP to gather the channel state information it requires to make DFS decisions.

Figure 6 Probe Request Frame Format

	Order
	Information

	1
	SSID

	2
	Supported Rates

	3
	TPC Limit Inquiry

	4
	TPC Request

	5
	DFS Request


Figure 7 TPC Limit Inquiry Element Format

	Octets: 1
	1

	Element ID
	Length


A station sends the TPC Limit Inquiry element to find the TX Power limit for the BSS. 
Figure 8 TPC Request Element Format

	Octets: 1
	1
	1
	1

	Element ID
	Length
	Flag
	TX Power Level


There are two meanings for the TPC Request depending on the setting of the Flag field.  If the Flag is zero, the Probe Request is a query for the TX power that the destination STA is currently using.  In the case the TX Power Level field is ignored. If the Flag is one, the Probe Request is a request to set the transmitter power level to that specified in the TX Power Level field.  The lower 6 bits of the TX Power Level field contain a power setting as described in Section 2.1. 

Figure 9 DFS Request Element Format

	Octets: 1
	1
	1
	1

	Element ID
	Length
	Channel
	Time Interval


DFS Request is sent to individual STAs by the AP to gather channel state information.  The Channel octet specifies the channel to observe and the Time Interval specifies the amount of observation time in TUs.  Upon reception of the DFS Request, the STA will move to channel and gather data.  When completed, it will report back to the AP with a DFS Response element in a probe response frame.  See below.

3.3
Probe Response

The Probe Response frame is modified to incorporate a new elements, TPC Status, TPC Response, and DFS Response, as described below.

Figure 10 Probe Reponse Frame Format

	Order
	Information

	1
	Timestamp

	2
	Beacon Interval

	3
	Capability Information

	4
	SSID

	5
	Supported Rates

	6
	FH Parameter Set

	7
	DS Parameter Set

	8
	CF Parameter Set

	9
	IBSS Parameter Set

	10
	TPC Status

	11
	TPC Response

	12
	DFS Response


The TPC Status element was defined in Figure 4.  It is used as part of a Probe Response frame when an AP receives a Probe Request containing a TPC Inquiry element.

Figure 11 TPC Response Element

	Octet: 1
	1
	1

	Element ID
	Length
	TX Power Level


The TPC Response is used to indicate the current transmitter power setting.  It is used in response to a Probe Request frame with a TPC Request element.  The current transmitter power setting is placed in the lower 6 bits of the TX Power Level field.

In some cases, a TPC request may become lost due to network congestion or other factors.  To prevent excess TOC traffic when this occurs, a mechanism is designed to prevent this problem. An STA that receives a Probe Request frame with a TPC Request element will respond with a Probe Response frame with a TPC Response element within 8 ms. If an appropriate Probe Response is not received by the originating STA within 8 ms, the STA can send additional Probe Requests with the same TPC Request element.  The time between these Probe Request frames shall increase by a factor of 2 (i.e. exponential back-off) with each Probe Request up to a maximum of 8192 ms.

The DFS Response element is used to convey channel state information to the AP so the AP can make DFS decisions.  Upon receiving a DFS Request element in a probe request frame, the station will tune its receiver to the specified channel and make a series of observations. The information in the DFS Response is assembled from data that is gathered for both invalid frames (interference or undetectable signals) and valid frames.  The valid frames are organized according to the BSS ID and Station Address.  The station will determine the number of BSSs that it can observe on the channel.  For each BSS it will assemble a list of the stations it observes.  For each Station Address, it will assemble a histogram according to RSSI levels of the frames it receives from that station.

To help simplify the description of the DFS Response element, it is presented in hierarchical form.  At the top level, the DFS Response element has the form shown in Figure 12.

Figure 12 DFS Response Element – Top Level

	Octets: 1
	1
	1
	1
	8
	8
	1
	Variable

	Element ID
	Length
	Channel
	Time Interval
	Total  RSSI Histogram
	Unknown RSSI Histogram
	Number of BSSID Sets
	BSS Sets


The Channel and Time Interval octets are the same information that was received in the DFS Request element of the Probe Request frame. The Total RSSI histogram describes the RSSI levels seen over the time interval.  The format for the Total RSSI information is given in Figure 13.  

Figure 13 Total RSSI Histogram Octets

	Octet: 1
	1
	1
	1
	1
	1
	1
	1

	RSSI 0 Time
	RSSI 1 Time
	RSSI 2 Time
	RSSI 3 Time
	RSSI 4 Time
	RSSI 5 Time
	RSSI 6 Time
	RSSI 7 Time


Each octet has contains the amount of observation time in TUs that the receiver measured the particular RSSI level (corresponding to the codes in Section 2.2). Any observation that is greater than zero, but less than 1 TU, is rounded up to 1 TU.

The Unknown RSSI Histogram describes the signals that are received with valid 802.11a PLCP headers, but for which the MAC header information could not be reliably determined.  It has the form below.

Figure 14 Unknown RSSI Histogram Octets

	Octet: 1
	1
	1
	1
	1
	1
	1
	1

	RSSI 0 Time
	RSSI 1 Time
	RSSI 2 Time
	RSSI 3 Time
	RSSI 4 Time
	RSSI 5 Time
	RSSI 6 Time
	RSSI 7 Time


Each octet has contains the amount of observation time in TUs that the receiver measured the particular RSSI level on signals with valid PLCP headers, but for which the MAC header information could not be reliably determined. Any observation that is greater than zero, but less than 1 TU, is rounded up to 1 TU. 

After the Unknown Histogram is the Number of BSSID Sets octet followed by the BSS Sets.  A maximum of four BSS Sets may be included in each DFS Response element. Each BSS Set has a variable length that is determined by the number of stations that were observed on the channel. The format of the BSS Sets is given in Figure 15.

Figure 15 BSS Sets

	Octets: 6
	2
	2
	3-10
	6

	BSSID
	Beacon Interval
	Capability Information
	Supported Rates
	CF Parameter Set


	Octets: 4
	1
	Variable

	IBSS Parameter Set
	Number of Station Sets
	Station Sets


The Beacon Interval, Capability Information, Supported Rates, CF Parameter Set, and IBSS Parameter Set are taken from the elements of a beacon frame from the AP in the BSS.  The Number of Station Sets octet is the number of Station Sets that are reported in the response.  The format of each Station Set is given in Figure 16.

Figure 16 Station Sets

	Octets: 6
	8

	Station Address
	RSSI Histogram


Each Station Set has the Station Address and an RSSI Histogram that describes the signal level distribution of the frames from that station. The histogram elements have the following form:

Figure 17 RSSI Histogram Octets

	Octet: 1
	1
	1
	1
	1
	1
	1
	1

	RSSI 0 Time
	RSSI 1 Time
	RSSI 2 Time
	RSSI 3 Time
	RSSI 4 Time
	RSSI 5 Time
	RSSI 6 Time
	RSSI 7 Time


Each octet contains the total amount of time (in TUs) that frames were received from the particular station at the particular RSSI level. Any observation that is greater than zero, but less than 1 TU, is rounded up to 1 TU.

4. TPC Operation

Under this proposal there are two basic mechanisms that can be used to meet the ERC requirements, a fixed maximum power level for all STAs within a BSS or multiple power settings that are controlled by a point co-ordinator. These are described below.

4.1
Fixed Maximum Transmitter Power

Fixed maximum transmitter power is the simplest TPC method for meeting the ERC guidelines.  With this method, the appropriate maximum power level for the channel is determined by the AP.  The AP then conveys this information to the STAs within the Beacon frames with a TPC Status element.  All STAs within the BSS are required to follow the maximum power level.  

4.2
Adjustable Transmitter Power

Adjustable transmitter power based TPC is a flexible way to both meet the ERC guidelines and to reduce overall interference levels.  With adjustable TPC, each STA can request the STA it is communicating with to set its transmitter power to a certain level.  In most situations, the STA will be communicating with an AP.  In this case, the TPC exchange might follow the following format:

1. An STA estimates that its receive power from the AP is 6 dB higher than necessary.

2. The STA sends a Probe Request frame with a TPC Request element to the AP.  The Flag octet in the element is set to zero, indicating that this is a power level inquiry.

3. The AP replies with a Probe Response frame that contains a TPC Response element.  The TX Power Level octet in the TPC Response element has 110101 in the lower 6 bits, indicating that it is currently transmitting to the STA with +20 dBm of EIRP.

4. The STA subtracts 6 dB from +20 dBm to yield +14 dBm, the ideal TX Power.  It then sends another Probe Request frame to the AP.  This time the Probe Request contains a TPC request element with the Flag octet set to 1 and the TX Power Level Octet set to 101111 in the lower 4 bits. (i.e. a request for +14 dBm TX power)

5. The AP receives this message, but finds that it does not implement +14 dBm.  Instead, it chooses + 15 dBm, the closest value.  It sends a Probe Response frame to the STA that contains a TPC Response element.  The lower 6 bits of the TX Power Level octet are set to 110000, indicating that it is now using a power level of +15 dBm when communicating with the STA.

The same type of exchange could then be repeated with the AP sending Probe Request frames to request a TX power adjustment from the STA.  Note that this application of the Probe Request / Probe Response is an addition to that of the current 802.11 MAC. 

5. DFS Operation

DFS operation requires co-ordination by the AP in order to function.  In this proposal, the AP has the ability to use the STAs in its BSS to help determine channel conditions so an optimal channel choice can be made.

5.1
Channel Assessment

The AP has two methods for determining channel conditions.  First, it can use its own receiver.  This method is entirely implementation dependent and is not covered by this proposal.  To augment the information it can acquire with its own receiver, the AP can request that STAs within its BSS perform channel measurements. This is accomplished with an exchange of Probe Request and Probe Response frames that contain DFS Request and DFS Response elements, respectively.  A typical exchange would work as follows.

1. BSS 0 is operating on channel number 36. The AP observes an increase in the number of frames it receives that contain errors.  The AP suspects an increase in the interference level and decides to look for a channel with less interference.

2. The AP sends a Probe Request frame to STA 1, a station that has been associated with BSS 0.  The Probe Request frame contains a DFS Request element with the Channel octet set to 40 and the time interval octet set to 100 TUs.

3. STA 1 receives the Probe Request frame, switches its receiver to Channel 40 and begins to gather information.

4. After 100 TUs have passed, STA 1 assembles the data it has received into histograms.  It then sends a Probe Response frame to the AP is BSS 0 containing the histogram information. 

5.2
Channel Change

An example of how a DFS channel change would be executed is given below.

1. The AP in BSS 0 determines that it needs to change to channel 44.

2. In its next Beacon frame, the AP announces the channel change with a DFS Status element.  The New Channel octet is set to 44 and the Number of Beacons octet is set to 5.

3. On the next five Beacon frames, the AP sends the DFS Status element.  The Number of Beacons octet is decreased by one on each beacon, i.e. 4, 3, 2, 1, 0.

4. The entire BSS then switches to channel 44 and continues operation.

6. Summary

This proposal covers a set of changes to the 802.11a PHY and 802.11 MAC that are necessary to implement TPC and DFS.  These changes are designed to allow TPC and DFS implementations that meet the ERC requirements with a minimum of complexity.  This proposal also allows flexible implementations that can achieve other goals such is minimization of interference and increased system capacity.
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