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Abstract

Introduction

In IEEE 802.11h draft D1.0 two fields, namely, “Power Level Adjustment” and “Own beacon RSSI” has been proposed to be included in the Channel Measurement Report Information Element. This paper describes how the information contained in the fields could be used in IEEE 802.11 operating environment for improved spectrum and transmit power management. 

1. Background

In IEEE Std 802.11h /D1.0 [1] channel measurement request and report frames are defined. The Channel Measurement Report elements are defined in §7.3.2.28 of [1] and the fields of interest of this element for this paper are summarized below for review.

The Channel Measurement Report element has one octet long “Power Level Adjustment” field and one octet long “Own Beacon RSSI” field. The definition for these fields is reproduced below:

Power Level Adjustment: Power Level Adjustment is copied from ‘Power Level Adjustment’ information element in the beacon, which was received from the current AP most recently before the channel measurement.

Own Beacon RSSI: Own Beacon Received Signal Strength Indicator (RSSI) field is determined as a function of the received signal strength, which is the energy observed at the antenna used to receive the PLCP preamble, of the particular beacon, as shown in Table 4  (of [1] ).

2. Applications

We provide here some example usage scenarios where the information contained in the above named fields could be used to improve the wireless network operation. Two cases are presented: 1) the information fields are used independently, without any assumption and use of information contained and reported in other parts of the measurement reports; and 2) the information fields are used in conjunction with other results derived from the information fields returned in other parts of the measurement reports.

2.1 Case 1
The “Power Level Adjustment” and “Own Beacon RSSI” can be used to estimate channel path loss between the AP and the STA. The power level adjustment references the measured RSSI of the beacon to the transmitted power level of the beacon. That is, the transmitted power level of the beacon as indicated in the beacon is extracted and returned along with the measured RSSI at the STA of the beacon. Then, a simple calculation enables estimation of the path loss between the AP and the STA as follows:

Estimated Channel Path Loss (dB) = Beacon Transmit Power Level (dBm) – Received Signal Level (dBm)

The channel path loss information can be used in variety of ways to manage transmit power of the network. Estimation of channel path loss enables mechanism to intelligently reduce transmission power by AP. The reduction in transmission power is desirable for several reasons and the most important reason for it is that the European regulatory requirements, for example, [2], requires that transmit power be mitigated when other primary licensed users are detected in the band. 

Consider the case when AP is transmitting data downlink in contention free period. The AP could reduce its transmit power using channel path loss information when sending data to a particular station without the potential negative consequences of reduced transmit power level, such as, introduction of hidden nodes. This is due to the fact that the channel in this case is protected by contention free period channel access mechanism, for example, PCF rules.

Not only the average power could be reduced by transmitting at lower power level, but also by transmitting at the same power level for a shorter periods of time. Since the channel path loss information may be used to intelligently adapt the transmission rate and higher transmission rate means less transmission time. Therefore, less average power is achieved by transmitting at higher rates. Hence, having an estimate of channel path loss enables mechanism to smartly reduce average power level without adversely affecting network operations.

2.2 Case 2

In this second usage scenario it is shown that the above mentioned fields can be used to reduce relative uncertainty of measurement errors of the STAs performing RSSI measurements.

Currently, in [1] the tolerance or uncertainty of reported RSSI is specified and it ranges from ±5 dB to ±8 dB. The relative difference between the reported RSSIs can be as large as 16 dB while measuring the same signal level.  Therefore, it is desirable to reduce relative uncertainties to better assess the quantitative RSSI numbers reported in the measurements by different STAs.

2.2.1 Assumptions

While developing the methodology to estimate the relative difference in two reported RSSI numbers, two assumptions are made: 1) the measurement errors are relatively time invariant over short periods of time; and, 2) that measurement errors can be modelled as linear functions (in dB). The first assumption is reasonable since bulk of the measurement errors are calibration errors which are relatively static over time and other errors, for example, temperature dependent errors, change slowly over time. The second assumption that measurement errors over dynamic range of receiver apparatus can be modelled as linear function represents a first-order approximation of the error function and it helps understand the extent of errors resolved by this analysis. This approximation does not limit the scope of the application of the analysis, as any well-behaved non-linear function can be represented by a polynomial function and the first two terms usually provide good approximations for the function.

On the TX side a tolerance of ±1 dB on the transmit power level is used. This number is based on the authors’ assessment of typical PHY implementation in industry.

Independent of the mechanism mentioned in Case (1) of this paper, other mechanisms in the proposed IEEE 802.11h draft standard [1] enable AP to estimate channel path loss. This can be achieved by, for example, taking the difference of TX power encoding in SERVICE field and the received power level. This can be reasonably achieved within a couple of dBs tolerance and it is so because of two reasons: 1) since the received power levels are measured by AP, a particular AP implementation may well implement a system with tighter tolerances than for STAs; and, 2) since the main objective is to calculate relative errors, if two signals are received with some measured RSSI the relative difference errors between these two can be measured with much more certainty than with each signal alone. This is so because of assumption (1) in §2.2.1. The nominal value of ±2 dB for the channel path loss estimation will be used in the rest of this paper.

2.2.2 RX Level Estimation

The AP can estimate the difference in RX level between two STAs using the following relationship,

Difference in RX Level between STA1 and STA2
= 
RX Level at STA1 – RX Level at STA2    
(1)

= 
(TX Level  – Path Loss 1) – (TX Level – Path Loss 2)

= 
Path Loss 2 – Path Loss 1  
(2)
The difference in path loss estimation is no greater than ±4 dB when the individual path loss is estimated within ±2 dB. This level of uncertainty, ±4 dB,using equation (2), is much less than ±10 dB –  ±16 dB, using equation (1) of relative uncertainty that is available by comparing two RSSI levels in measurement reports by themselves. 

Therefore, it is seen that the difference in RX level of beacons can be assessed with much less tolerance than the specified tolerance in Table (4) in [1] and an AP can adjust the reported RSSI levels by its own estimation to get channel assessment with less uncertainty.
 The difference in reported levels of RSSI can be compared and adjusted using the reference difference calculated using equation (2). This can be done by, for example, choosing one RSSI value as a reference and adjusting the others by a factor of difference in differences. 

3. Conclusions

We have shown the usage of ‘Own Beacon RSSI’ and ‘Power Level Adjustment’ in two different scenarios. In one case the information contained in them is used independently while in the other the information is used in conjunction with other reported parameters to reduce the uncertainties of reported RSSI levels. This information is readily available to a STA and we believe that it would significantly add to the assessment of channel to intelligently manage transmit power for mitigation purposes. This comes in addition to the better perceived performance by the user as well by providing faster and error-free network performance.
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