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Abstract

This paper contains a proposal for a dynamic frequency selection (DFS) method to be incorporated into IEEE 802.11 standard. The method is tailored to the existing 802.11 standard and to meet the regulatory requirements. The proposal introduces some changes MAC specification. The aim has been to keep PHY changes in minimum. The measurements required by the measurements can be executed with standard CSMA RF HW, i.e no mandatory RSSI measurement.

1 Introduction

The European Radiocommunications Committee (ERC) has made some conditions for the deployment of RLANs in 5 GHz band [1]. The following bands were identified for use under prescribed conditions:

· 5150-5350 MHz: indoor use, mean EIRP limited to 200 mW, use of Dynamic Frequency Selection and of transmitter power control

· 5470-5725 MHz: mean EIRP limited to 1 W, outdoor and indoor use allowed, use of Dynamic Frequency Selection and of transmitter power control

It was also recognised that RLAN equipment must be capable of avoiding occupied channels by employing a Dynamic Frequency Selection mechanism and ensuring a uniform spreading of the devices over all the available channels mentioned above. The decision was to require DFS associated with the channel selection mechanism required to provide a uniform spread loading of the RLANs across a minimum of 330 MHz, or 255 MHz in the case of equipment used only in the band 5470-5725 MHz.

The existing IEEE802.11 WLAN standard doesn't have DFS functionality that would satisfy the requirements in the ERC decision. This paper describes a DFS method and protocols that meet the requirement of the ERC decision. Further, the method as proposed provides tools for intra-system interference mitigation that will result in better system capacity and throughput.

2 Basic method

In this chapter we propose both the basics of the DFS method and the related new messages. The actual DFS algorithm is beyond the scope of the standard and that is not proposed in this paper either. 

2.1 New DFS messages

We propose the following new DFS related signaling to be added to the 802.11 standard. The messages are only examples, the actual messages don't have to be exactly like the ones presented here. Note, that the X in some of the size fields is a sufficient amount to be decided later. The amount is not critical here, since in IEEE802.11 the messages can be of variable size.

2.1.1 DFS_FREQUENCY_INFO

Size
Name
Explanation

1
Action
0 – Change indication

1 – Frequency info

X
Frequency1
The index of the frequency

X
MaxTxPwr
Maximum allowed transmission power in the proposed frequency (in dBm)

1
IsSecond
0 – The second frequency  field is not valid

1 – The second frequency  field is valid

X
Frequency2
The index of the frequency

X
NumberOfBeacons
The number of beacons before change frequency (valid in case that Action field value is 0)

This message is sent by an AP or a MAC entity acting as the first STA in the IBSS. It is used either to indicate that the AP/first STA is changing the frequency or to indicate the frequency to which the next change will be done. 

The frequency indication (Action = 1) should be transmitted (broadcasted) periodically to make sure, that all the sleeping stations also know, that if they wake up, and the AP/IBSS is no more present, it can tune to the new frequency, where the AP/IBSS is most likely. This way, when the frequency is changed, the AP/first STA doesn't have to wake up all the stations. 

Also, the message can be directed to a particular station (e.g. during the initial association phase) to make sure, that the new frequency is known (directed transmissions are acknowledged).

The maximum allowed Tx power in the proposed frequency is indicated, since the stations may not know that (a station doesn't have to know, in which country it is at the moment).

Optionally, the AP can use the second frequency index field, if it wishes to indicate more than one suitable frequency change candidate. This way the STAs can indicate, which one is better for them.

If the message is used to indicate an actual frequency change (Action = 0), the message is broadcasted (possibly multiple times), and the change is executed after zero or more beacons (indicated by NumberOfBeacons field). Stations who miss the message, notice, that they cannot hear the AP anymore, and since the new frequency was indicated earlier, they can tune to the new freqency. Thus, the Frequency1 field should be set to the earlier announced value.

2.1.2 DFS_PROPOSAL

Size
Name
Explanation

1
Action
0 – Change request

1 – Frequency info

1
FreeValid
0 – FreeFrequency field not in use

1 – FreeFrequency field in use

X
FreeFrequency
The index of a Free frequency, which would be recommended, when making a frequency change

1
OccupiedValid
0 – OccupiedFrequency field not in use

1 – OccupiedFrequency field in use

1
802.11MACDetected
0 – 802.11 MAC not detected on the Occupiedfrequency

1 – 802.11 MAC detected on the Occupied frequency

X
OccupiedFrequency
The index of the Occupied frequency, which should be avoided, when making a frequency change

The DFS_PROPOSAL message can be sent by a station to an AP/first STA either when it requests a frequency change or it wants to indicate to the AP, which of the proposed frequencies (see DFS_FREQUENCY_INFO) are free and/or occupied (see below).

If the station has detected that the frequency is occupied by another 802.11 MAC device, it can be indicated in the message. This way, if a totally empty frequency cannot be found, frequencies with 802.11 devices can be prioritised (due to regulatory reasons).

When requesting a change, the free/occupied frequency proposals are not necessary, since the AP has already indicated the next frequency (see DFS_FREQUENCY_INFO).

2.2 Determining DFS_PROPOSAL message parameters

A STA determines whether the frequency is free or occupied by using the following primitives:

1. MLME-SCAN.request/confirm

In MLME-SCAN.request following parameter settings are used; 

BSSType 

ANY_BSS, 

BSSID


All valid if not currently used frequency





All but used MACAddress in BSS/IBSS if used Channel/frequency

SSID

ScanType

Passive if used channel/frequency





Active if other frequecy

Probe delay

?

ChannelList  
according to DFS algorithm in STA, usually channels indicated in DFS_FREQUENCY_INFO, or used channel/frequency

MinChannelTime 
At least ?

MaxChannelTime 
= MinChannelTime.

During the MinChannelTime MAC monitores whether CCA indicates BUSY medium.

IEEE802.11 CSMA/CA has three CCA modes (see [1]): 1 - Energy above threshold, 4 - Carrier Sense with timer and 5 - combination of the two. DFS measurements on an other frequency are made by using Mode 5. 

Each 802.11 frame starts with a 16 us long preamble part. The PHY Std states that a start of a valid OFDM transmission at receive level equal or greater than minimum 6 Mbit/s sensitivity (-82 dBm) shall cause CCA to indicate Busy with probability >90% within 4 us. If the preamble portion was missed, the receiver shall hold the CS signal Busy for any signal 20 dB above minimum 6 Mbit/s sensitivity (-62 dBm).

The normal Mode 4 measurement time is specified to be at least 22 us long (the actual used value is implementation specific). In these measurements, a longer timer value of TIMER_1 ms is used. If during that time, the station detects any energy above threshold THRESHOLD_1 = -62 dBm, or it detects a preamble, the frequency is marked as occupied. Even if the threshold is exceeded, the whole time is spent measuring (differs from normal Mode 5), because the station has to search the channel for other 802.11 traffic.

Note: If the station succeeds in synchronising to a preamble, it may receive the actual data part of the transmission, too. This same method is used in handover measurements. There the station listens to the transmissions of the other channel until it succeeds in finding another AP (e.g. beacon).

If 

1. MLME-SCAN.confirm indicates found BSS other than own BSS, channel/frequency is considered occupied and 802.11MACDetected field in DFS_PROPOSAL is set to 1.

2. MLME-SCAN.confirm indicates not found BSS and CCA indicates BUSY, channel/frequency is considered occupied and 802.11MACDetected field in DFS_PROPOSAL is set to 0.

3. MLME-SCAN.confirm indicates not found BSS and CCA indicates IDLE, channel/frequency is considered free and 802.11MACDetected field in DFS_PROPOSAL is set to 0. 
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