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Abstract

This document presents the directive for wireless LANs operating in the 5GHz band in CEPT member countries. The directive demands that a system operating in the 5GHz band need to perform Dynamic Frequency Selection (DFS) and Transmit Power Control (TPC). In this contribution we describe the mechanisms as standardized in the ETSI BRAN specifications of HIPERLAN/2. Further we propose some changes to the IEEE 802.11 specification. 

1. Regulations for operating in CEPT Member Countries

In the CEPT countries, an important regulatory instrument is the ERC Decision – member countries typically commit themselves to executing the policy defined in an ERC Decision.

In [1] the frequency bands designated to HIPERLANs for the 5GHz are described. Also  IEEE 802.11 systems that operate in the 5GHz band need to comply to these rules. Summarized the rules contain:

1) that for the purpose of this Decision High Performance Radio Local Area Networks (HIPERLANs Types 1 and 2) shall mean equipment complying with the relevant European Telecommunications Standards;

2) to designate the frequency bands 5150-5350 MHz and 5470–5725 MHz for the use of HIPERLANs;

3) that the use of HIPERLANs in the band 5150-5350 MHz shall be restricted to indoor use with a maximum mean EIRP
 of 200 mW;

4) that the indoor and outdoor use of HIPERLANs in the band 5470-5725 MHz shall be restricted to a maximum mean EIRP1 of 1 W;

5) that, in addition to the conditions described in decides 3 and 4 and also noting decides 6 below, the use of HIPERLANs shall only be allowed when the following mandatory features are realised:

a) transmitter power control to ensure a mitigation factor of at least 3 dB;

b) Dynamic Frequency Selection associated with the channel selection mechanism required to provide a uniform spread of the loading of the HIPERLANs across a minimum of 330 MHz, or 255 MHz in the case of equipment used only in the band 5470 – 5725 MHz.;

6) that the features a) and b) described in decides 5 shall not be mandatory for HIPERLAN Type 1 equipment operated in the band 5150 - 5250 MHz.  These exceptions should be reviewed in the light of market development of HIPERLANs;  

7) that the ERC will review this Decision within 2 years of the date of entry into force or earlier if necessary in the light of market development of HIPERLANs;  

8) that this Decision shall enter into force on 31 January  2000.

Formally, the Decision is only valid for HIPERLAN/2 systems. However, we understand that the regulations will also be applied to other applicable systems, in casu 802.11a. The latter need to comply to these rules in order to operate in CEPT countries. The decisions 5a and 5b have the main impact for operating in the 5GHz band.

Further, it should be noted that at WRC 2003, the definitive allocation of 5GHz spectrum  to wireless LANs will be agreed – this may affect details of the above.

2. HIPERLAN/2 Perspective

The following sections describe the mechanisms specified by the ETSI BRAN to make HIPERLAN/2 compliant  with the regulations. As part of the HIPERLAN/2 (HL/2) Radio Resource Control function the following mechanisms are specified (see clause 5.2 in [3]): Dynamic Frequency Selection (DFS) and Transmit Power Control (TPC). The algorithms for DFS and TPC are out of the scope of the ETSI specifications. In the section below we will discuss selected parts of the specification.

2.1 MAC Frame Structure of HL/2

For a quick introduction to the TDMA/TDD medium access structure we would like to present the basic MAC frame structure (see figure 1). The MAC frame is repeated every 2ms. It is composed of several mandatory and optional channels or containers[2]. These channels form an hierarchy of containers, with on the lowest level the protocol data units (PDUs). The length of the user data packets are fixed  to 54 bytes (including overhead).
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Figure 1: Basic MAC frame structure

The BCH is broadcasted at the beginning of each frame. It can be compared to periodically transmitted Beacon message. The BCH has a fixed length of 120 bits, and it contains cell information, the length of the used preamble, pointers to the Frame Control Channel (FCH) and Random Channel (RCH), as well as its transmission power level and expected uplink receive levels. For more information we would like to refer to clause 6.2 of [2]. Find below the fields in the BCH.

Frame counter
Frame Counter

NET ID
Identifier for the network on DLC-level. 

AP ID 
Access Point Identifier 
Sector ID
Identifies the used sector.

AP TX level
Identifies AP transmission power.

AP RX UL level
Identifies the expected AP reception power level.

Pointer to FCH
Pointer to the FCH.

Length of FCH
Length of FCH.

PHY Mode of FCH
Physical mode of the FCH.

Pointer to RCH
Pointer to the RCH.

Length of RCH
Length of the RCH.

RCH Guard space 
Identifies the guard time used between the RCHs

DL RBCH indicator
Indicates that the downlink RBCH will be sent in this frame.

DST 
Indicates whether the current MAC frame contains data for at least one sleeping terminal.
Uplink preamble
Indicate which preamble is used in the uplink

Phase indicator
Indicates the standardisation phase according to which the AP/CC has been built (currently phase I).
AP traffic load indicator
Not used. May be set to any value.

Maximum power indicator
Either the AP transmits at the maximum power or not. 

Number of sectors
Identifies the number of sectors the AP uses.
In the sections below we will go into more detail of DFS and TPC (some parts are inserted from the specifications)

2.2 Dynamic Frequency Selection

2.2.1 Introduction to DFS

The Dynamic Frequency Selection (DFS) in HL/2 systems shall result in equal usage of available frequencies under the consideration of avoiding the interference of other devices using the same spectrum [1]. The interference may arise from neighboring HL/2 networks using the same frequency or non-HL/2 devices in the frequency band. Every Access Point (AP) should collect measurement results and choose an operating frequency based on the measurement results. The decision may be done independently of other APs. 

2.2.2 DFS protocol

The AP may request any associated Mobile Terminals (MTs, aka STAs in 802.11) to measure and report the measurements. The MT shall perform the measurements and after the measurement it shall report the results to the AP. 

A MT may also do self-initiated measurements and request to report the results to the AP. The AP may then poll the MT for the result or may ignore the request. 

2.2.3 DFS measurements

APs and MTs need to be able to perform measurements to support DFS, namely Received Signal Strength (RSS) measurements at a given frequency. The AP and MT should also be capable of decoding the BCH of other APs at a given frequency. This can be compared to passive scanning the Beacon messages in 802.11.

The measurements in the AP are out of scope of the specification. It is specified that when the AP is switched on, it shall measure on all frequencies it is permitted to use.

2.2.3.1 AP Measurement Procedure

When the AP executes the measurements it is not able to support the associated MTs. Before the measurements it will therefore broadcast an Absence message to the MTs. This message includes the absence period and is limited to 15 MAC frames (30ms).

2.2.3.2 MT Measurement Procedures

Three measurement types are defined for a MT: short, percentiles and complete. The AP will request an MT to perform the measurement on the current frequency but also on other frequencies. The duration of the measurements are bound to a measurement window specified in the request. After the measurement the MT will send an report the AP.

The MT shall report the RSS distribution at a given frequency relative to the latest performed RSS0 measurement on the currently used frequency (see clause 5.11 of [4]). If the MT decodes the BCH of another AP, it also needs to include the cell information fields and the RSS0 of that AP. 

2.2.3.3 Short

At the given time and frequency, MT shall scan for BCH (this could also be the BCH of the current AP). If an BCH is found it shall be decoded and its RSS shall be measured. The measurement report includes the following parameters:

age-of-measurement
Indicates the time since the measurement was performed
last-own-bch-rx-level
Measurement result: RSS on the used frequency BCH

bch-found
Only if BCH is found the parameters below of the other AP are transmitted

traffic-load
Not specified, for future use 

ap-id
Access Point Identifier
tx-level
The AP transmit level that the MT has read from the field in the BCH of the measured AP.
net-id
Identifier for network on DLC- level
bch-rx-level
Measured signal strength of the BCH on frequency f.It is an index to a signal strength
2.2.3.4 Percentiles

At the given time and frequency, the MT shall collect RSS samples with equal distance 8 us. The measurement report includes the following parameters:

last-own-bch-rx-level
Measurement result: RSS on the used frequency BCH

number-of-samples 
The measurement length, given in number of 8 us samples taken in RSS statistics measurements.
rss-index-list
Percentage of the maximum value.
rss-statistics-list
Number of samples in the different percentiles, minimum or maximum.
2.2.3.5 Complete

A combination of the short and percentiles measurements, where at the given time and frequency BCH shall be decoded and RSS measurement on the BCH shall be performed and the RSS samples shall be collected. The measurement report includes all the parameters as described in the short and percentiles reports.

2.2.4 Change Frequency

After the DFS measurement the AP may decide to change it frequency. The algorithm is out of the scope of the specification. The change frequency channel message shall be broadcasted in the broadcast sleep group frame (equal to the DTIM in IEEE 802.11). The message will be transmitted more than once.

2.3 Transmission Power Control

2.3.1 Uplink power control

The MT shall operate with a transmission power  (–15 dBm. The maximum output power is an arbitrary power level within the regulatory requirements (see section 1). The transmission power range shall be composed of power steps equal to or smaller than 3 dB, and the transmitting MT shall ensure that the power levels shall provide monotonic transmission power. The MT shall define its' transmission power level at the Antenna Reference Point (ARP) as:

min (AP_Tx_Level – MT_received_power_level + AP_Rx_UL_Level+PC_Offset), AP_Tx_Level, maximum output power of MT)

where AP_Tx_Level denotes access point transmit power level and AP_Rx_UL_Level stands for the power level the access point is expecting to receive for all uplink signals. These values are transmitted as part of the BCH information [2]. MT_received_power _level is the estimated power level of the signal received by the MT. ((PC_Offset) is the sum of the received PC_Offset values from the AP (see [4]).

2.3.2 Downlink Power Control

The AP shall be able to operate with a transmission power =–15 dBm. The maximum output power is an arbitrary power level within the regulatory requirements. The transmitted power level at the antenna reference point (ARP) of the AP shall be indicated in the BCH by AP_Tx_level field.

Downlink power control is an implementation specific issue. In order to avoid interoperability problems the following restrictions apply to the default/normal downlink power control operation:

· The AP shall use the power levels and accuracy specified in [4]. 
· The AP power can be decreased rapidly (3 dB/frame) without limitation on the dynamic range. 
· The AP transmitter power shall not be changed more than 3 dB between two consecutive MAC frames.

· The AP must not increase the transmitter power more than three steps (9 dB) during any 5 minute interval.
· The AP shall ensure that it is compliant with the maximum allowed transmitted power for the center frequency where it is operating.

Spectrum regulatory requirements state that the interference to radio systems other than HL/2 shall be reduced as far as possible, but at least with 3 dB in average compared to transmission at full power by all APs and all MTs. This requirement implies that the AP should possess some degree of downlink power control functionality.

3. Impact for IEEE 802.11

For IEEE 802.11 to comply to [1] it has to follow the “essential requirements”: DFS and TPC. For operating in ERC countries a manufacturer has to show that his product performs both DFS and TPC. This needs to be verified by an independent body. In order for IEEE 802.11 manufacturers to comply with these regulations, we propose to specify these mechanisms in IEEE 802.11. In the following section we shortly propose some additions to IEEE 802.11

3.1 DFS

Currently IEEE 802.11 does not support any means to request for measurements and frequency channel change.

We propose to enhance the Beacon message capability field with more cell information: e.g. transmit power level of Beacon and load information. Because the Beacon is not protected by any security it should be clear that only the essential information for DFS need to be transmitted. Both the transmit level and the load can be used by the measuring AP to comply to [1]. Another advantage of DFS is that neighboring APs find the best operating frequency channel to maximize their operating performance. 

For the request/reports on the measurements we would like to some messages that take can care of that. The information that is gathered and measured still need to be defined. We think that receive levels (RSS), SNR and other information might be useful to perform DFS adequately.

For the frequency channel change notification we would like to add to the capability information the following fields: new frequency channel, number of DTIMs before channel change. In this case all (including the power sleep STAs) are able to receive the channel change notification. 

3.2 Transmit Power Control

We suggest to reduce the transmit power level statically 3dB (in respect to the highest power settings). The proposed mechanism in HL/2 seems to complex for very little gain. However, this reduction decreases the cell range and the number of supported terminals

We would like to suggest that 100 mW TxP = statistically same as 100 mW EIRP.

4. References

[1] ERC/DEC/(99)23, ERC Decision of 29 November 1999 on the harmonised frequency bands to be designated for the introduction of High Performance Radio Local Area Networks (HIPERLANs), European Telecommunications Committee, 1999
[2] TS 101 761-1, Broadband Radio Access Networks (BRAN); HIgh PErformance Radio Local Area Network (HIPERLAN) Type 2; Data Link Control (DLC) Layer - Part 1 - Basic Data Transport Function, ETSI Project BRAN, 2000

[3] TS 101 761-2, Broadband Radio Access Networks (BRAN); HIgh PErformance Radio Local Area Network (HIPERLAN) Type 2; Data Link Control (DLC) Layer - Part 2 - Radio Link Control (RLC), ETSI Project BRAN, 2000 

[4] TS 101 475, Broadband Radio Access Networks (BRAN); HIPERLAN Type 2; Physical (PHY) Layer, ETSI Project BRAN, 2000







































































































































































































� The mean EIRP refers here to the EIRP averaged over the transmission burst at the highest power control setting.
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