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 Channel Measurement Technique

A number of measurement techniques have been developed to study different properties of the channel. Based on the bandwidth of the sounding signal and the delay spread of the channel, they can mainly be classified into narrowband and wideband measurement techniques. These measurement techniques can be performed either in the time or frequency domain. The descriptions below are the summary of the measurement techniques reported in [Xu00] 

Narrowband measurement is simple and has higher sampling rate compared to wideband counter part. This is due to the narrowband measurement system samples the channel at a single frequency. The disadvantage of the narrowband measurement technique is that the received signal represents the envelope of the vector summation of the multipath components (MPCs) and thus gives no direct quantitative multipath information.( i.e. narrowband measurement account only the large scale fading) 
On the other hand, the sampling rate of the wideband measurements are limited by the long sweep time over a wide bandwidth for a vector network analyzer (VNA) system, and long repetition time between two consecutive correlation peaks for a sliding correlator system (SCS). The advantage of wideband measurements is that it allows quantitative measures of the multipath in the channel and thus can be used to estimate channel time dispersion. 

For wideband measurements, typical channel sounding systems are:

· Direct Pulse System (DPS)

Simple realization and allows quick determination of the power delay profile (PDP). However, DPS has limited dynamic range due to wideband filtering that increases interference and noise. DPS technique is more error prone than the VNA and SCS methods.

· Vector Network Analyzer (VNA)

Measurements are taken using swept frequency technique where two ports of the VNA are connected to the antenna. Depending on the operating frequency of the VNA, up and down converters may be required. Also, an amplifier/low noise amplifier is also required if antennas with low gain are used. 

By using VNA, a synthesized frequency sweeper is used to sweep through a chosen RF bandwidth of B with frequency step of (f. Hence, VNA captures the channel response at one tone (one frequency step) at a time which requires a narrowband filter. Thus, VNA system has better dynamic range due to the lower interference and noise level. The measured channel responses with both amplitude and phase by VNA can be in either in time domain or frequency domain.

The disadvantage of VNA system is that it requires the channel to be static or quasi-static during the complete frequency sweep as the VNA sweeps the channel at discrete frequency tones to achieve frequency response over the bandwidth B. The VNA system is usually limited to relatively short range measurements due to the hardware connection between the transmitter (Tx) and receiver (Rx) for phase measurements and synchronized sweeping requirements. Thus, VNA technique will be more suitable for indoor measurements.
Important parameters for VNA system that must be taken care include:

1. Sweeping bandwidth, B which related to the measurement time resolution (t
2. Frequency step, (f, which determines the maximum delay spread, (max i.e. (max=1/(f and the unambiguous period of the measurement without aliasing 

3. Sweeping time is chosen so that the channel remains time-invariant during the entire sweep. Thus, sweeping time is related to the sweeping bandwidth, number of data points and calibration methods.

· Sliding correlator (SC) technique

This method is based on the principle that the channel impulse response (CIR) can be estimated by the cross correlation of the input white noise signal with the output signal. The wide noise signal can be approximated by pseudo-noise (PN) sequence. Thus a known PN sequence is transmitted over the channel. At the RX, the received signal is correlated with the same PN sequence. In general, SC technique has faster measurement speed compared to the VNA technique. 

Important parameters and conditions for SC system that must be taken care include:

1. The chip duration, TC which determines the measurement time resolution and must be less than the minimum relative delay between two MPCs.

2. The windowing period, Tp which determines the unambiguous range which must exceed the maximum delay spread of any MPC.

3. Back to back calibration through connecting the Tx and Rx with a low loss coaxial cable with known specification.

In general, VNA offers more flexibility in terms of choice of center frequency, measurement resolution than the SC technique as well as providing both amplitude and phase information of the CIR. However, VNA technique is limited to relatively short range measurements due to the phase measurement. It is also restricted to measure a more stationary channel while the SC technique is more capable to measure time variant due to the relatively long sweeping time. 

SC technique can be used for long distance measurement and only amplitudes and arrival times of the MPCs are required. Time measurement accuracy of the SC technique is the critical issue that must be taken into account. Thus calibration is required to account for the time shift due to the frequency offset of the clocks. In general, the SC technique operates faster than the VNA. 

Measurement Procedures

The characteristics of a fading channel can be described in terms of its large scale and small scale fading. Both large and small scale fading require different measurement procedures. The descriptions below are the reproduction of general guidelines for measurement procedures by Molisch et. al [3] with some additional updates and comments.

1) Large-scale fading: the following measurement procedures should be taken

Large-scale areas with different distances between TX and RX should be measured. The number of TX-RX locations (i.e. local point) for which this measurement should be taken is environmental dependent. For example, a typical house environment will require approximately 10 local points. While a larger area environments such as large office and outdoor environments will require more local points.
In general, a reference measurement needs to be performed at certain reference distance from the transmitter. All other power measurements are then carried out with respect to this reference measurement which helps in eliminating the effect of the antennas and equipments.
2) Small-scale fading: the following measurement procedures should be taken:

For each local point, a sufficiently large number of measurement points (i.e. grid points see figure below) have to be taken in order to study the small scale effect of the channel and at the same time, the large scale effects are approximately identical over these grid points. It is recommended that a minimum of 50 grid points per local point is desired. In order to allow better statistical analysis and better fitting of the results, 100 grid points would be a better choice but this comes at the expense of the more complex and time consuming measurement campaign. The minimum distance between these grid points is half of the wavelength of the lowest frequency such that each of these points experience independent fading. This can be done by using an x-y positioner (especially important at 60GHz where the wavelength is 5 mm) in order to generate a 10x10 measurement grid. The center of the grid is usually taken as the local point where the large scale measurement is taken.


[image: image1]
3) There are 2 possibilities in order to measure the angle-of-arrivals (AOA) of the multipath channel. Firstly, by using antenna array at either the TX or the RX side or both sides. Secondly, by using the same grid measurement described above but with a slightly different setting for the spacing of the grid points. For the AOA measurements, the grid spacing should not exceed half of the wavelength of the highest frequency.

It is also important that the statistics within the measurement area described above must be kept stationary especially measurements performed using VNA. For indoor environments the time varying part of the impulse response is typically due to the human movements. By taking measurements during low-activity periods and keeping both the transmitter and the receiver stationary, the channel can be treated as being quasi-stationary. 
[Xu00] – H. Xu, “Terrestrial Radio Wave Propagation at millimeter-wave frequency,” Ph.D. Thesis, Virginia Polytechnic Institute and State University, 2000.

[Mol04] – A. F. Molisch, U. G. Schuster and C. C. Chong, “Measurement procedure and methods on channel parameter extraction,” IEEE 15-04-283-00-4a, May 2004.
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