March, 1994
      DOC: IEEE P802.11-94/xxx

September, 2002
 IEEE P802.15-02/368r1-SG3a

IEEE P802.15

Wireless Personal Area Networks

	Project
	IEEE P802.15 Working Group for Wireless Personal Area Networks (WPANs)

	Title
	Channel Modeling Sub-committee Report DRAFT

	Date Submitted
	[4 September, 2002]

	Source
	[Jeff Foerster]
[Intel Research and Development]
[JF3-206

2111 N.E. 25th Ave.

Hillsboro, OR  97124]
	Voice:
[503-264-6859]
Fax:
[503-264-3483]
E-mail:
[jeffrey.r.foerster@intel.com]

	Re:
	[]

	Abstract
	[]

	Purpose
	[The purpose of this report is to summarize the work of the channel modeling sub-committee and provide some final recommendations on how the channel model can be used to help evaluate PHY submissions to IEEE 802.15.3a.]

	Notice
	This document has been prepared to assist the IEEE P802.15.  It is offered as a basis for discussion and is not binding on the contributing individual(s) or organization(s). The material in this document is subject to change in form and content after further study. The contributor(s) reserve(s) the right to add, amend or withdraw material contained herein.

	Release
	The contributor acknowledges and accepts that this contribution becomes the property of IEEE and may be made publicly available by P802.15.


Channel Modeling Sub-committee Report (DRAFT)

31
Introduction


31.1
Desired characteristics of channel model


32
Narrowband Channel Model


33
UWB Channel Model


43.1
Summary of measurements and proposed models


43.1.1
“The Ultra-wideband Indoor Path Loss Model,” S. Ghassemzadeh and V. Tarokh [1]


43.1.2
“Empirically Based Statistical Ultra-Wideband Channel Model,” M. Pendergrass [2]


43.1.3
“UWB Channel Modeling Contribution from Intel,” J. Foerster and Q. Li [3]


43.1.4
“A proposal for a selection of indoor UWB path loss model,” G. Shor, et. al. [4]


53.1.5
“Radio Channel Model for Indoor UWB WPAN Environments,” J. Kunisch and J. Pamp [5]


53.1.6
“The Ultra-wideband Indoor Multipath Loss Model,” S. Ghassemzadeh and V. Tarokh [6]


53.1.7
“The Ultra-Wide Bandwidth Indoor Channel: from Statistical Model to Simulations,” A. Molisch, M. Win, and D. Cassioli [7]


53.1.8
“Evaluation of an Indoor Ultra-Wideband Propagation Channel,” J-M Cramer, R. Scholtz, and M. Win [8]


53.1.9
“UWB Propagation Phenomena,” Kai Siwiak [9]


53.1.10
“Propagation notes to P802.15 SG3a from IEEE Tutorial,” Kai Siwiak [10]


63.2
Considerations for selecting a UWB channel model


63.3
Proposed UWB channel model


63.3.1
Path Loss Model


63.3.2
Multipath Model


63.4
Realizations from channel model


63.5
How to use the model and realizations


63.5.1
Level of disclosure desired by PHY proposals


73.6
Time variability of channel


74
List of Contributors


75
References


8Appendix




1 Introduction

The channel modeling sub-committee was formed with the goal of providing a method for comparing alternative PHY proposals for the 802.15.3a task group in realistic channel environments.  Since some of the proposals are expected to use ultra-wideband (UWB) waveforms, a channel model that properly takes into account some of the unique characteristics of UWB waveform propagation was needed.  A call for contributions was made and widely advertised to both industry and academia, and the sub-committee received 10 contributions that were presented at the IEEE 802.15.SG3a meeting in July 2002.  The sub-committee had 2 open conference calls between the July and September IEEE meetings to discuss the proposals and channel models.  This report contains a summary of the final recommendations of the channel modeling sub-committee.  

1.1 Desired characteristics of channel model

The goal of the channel model is to capture both the path loss and multipath characteristics of ‘typical’ environments where IEEE 802.15.3a devices are expected to operate.  The model should be relatively simple to use in order to allow PHY proposers to use the model to properly, and in a timely manner, evaluate the performance of their PHY in ‘typical’ operational environments.  In addition, it should be reflective of actual channel measurements.  Since it may be difficult for a single model to reflect all of the possible channel environments and characteristics, the group chose to try and match the following primary characteristics of the multipath channel: 

· RMS delay spread

· Power decay profile

· Number of multipath components (defined as the number of multipath arrivals that are within 10 dB of the peak multipath arrival)

Note that the actual channels resulting from the model may have several paths that are much less than 10 dB from the peak, while the above characteristic was simply used to compare to measurement results. 

2 Narrowband Channel Model

Insert narrowband channel model based upon 802.11 model.

3 UWB Channel Model

3.1 Summary of measurements and proposed models

The following subsections summarize the channel model contributions that were considered by the sub-committee.  

3.1.1 “The Ultra-wideband Indoor Path Loss Model,” S. Ghassemzadeh and V. Tarokh [1]

3.1.2 “Empirically Based Statistical Ultra-Wideband Channel Model,” M. Pendergrass [2]

3.1.3 “UWB Channel Modeling Contribution from Intel,” J. Foerster and Q. Li [3]

A method for evaluating the distance capability was proposed based on using a link budget analysis and a free space path model.  This would allow proposers to state the link margin that is available in order to compensate for path losses beyond free space, including distortion, floor or wall attenuation, multipath fading, and any other additional implementation losses.  Justification for using the Friis equation for path loss was provided as an apparent good approximation for various UWB waveforms.  A multipath model was also proposed, which was based on a number of measurements that were made in a condo setting.  The measurements were based upon a frequency sweep from 2-8 GHz yielding a minimum path resolution of 167 psec and included 870 channel realizations.  Distances from 1-20 meters were considered, which included both LOS and NLOS.  The main channel characteristics that were used to compare various indoor models included the mean excess delay, mean RMS delay, and mean number of significant paths defined as the mean number of paths within 10 dB of the peak multipath arrival.  Three channel models were considered: the Rayleigh tap delay line model (same as the one used in 802.11), the (-K model, and the Salah-Valenzuela (S-V) model.  The clustering of the multipath arrivals was observed in the measurements, which supported the use of the (-K and S-V model.  The comparisons showed that the S-V model was able to best fit the measured channel characteristics.  In addition, the Rayleigh and log-normal amplitude distribution was compared with measurement data, and the results showed that the log-normal distribution best fit the characteristics of the measurement data.  Therefore, the final model that was proposed was the S-V model with a log-normal fading distribution on the amplitudes.  Model parameters were found that best fit the characteristics of the channel, including the cluster arrival rate, ray (intra-cluster) arrival rate, cluster decay factor, ray decay factor, and standard deviation of the log-normal distribution.

3.1.4 “A proposal for a selection of indoor UWB path loss model,” G. Shor, et. al. [4]

The presentation describes the measurement campaign carried out by Oulu university. The measurements were taken using a network analyzer covering the 2-8 GHz band. The measurements were taken in Oulu university representing a European campus environment. The measurements considered different Rx and Tx antennas heights. The results show that a double slope path loss model is relevant also for wide band signals. The presentation includes the calculation of the slopes for single and double slope models for each of the measurement environments. The measurements will be used for further modeling of UWB path-loss and multi-path properties.

3.1.5 “Radio Channel Model for Indoor UWB WPAN Environments,” J. Kunisch and J. Pamp [5]

3.1.6 “The Ultra-wideband Indoor Multipath Loss Model,” S. Ghassemzadeh and V. Tarokh [6]

3.1.7 “The Ultra-Wide Bandwidth Indoor Channel: from Statistical Model to Simulations,” A. Molisch, M. Win, and D. Cassioli [7]

3.1.8 “Evaluation of an Indoor Ultra-Wideband Propagation Channel,” J-M Cramer, R. Scholtz, and M. Win [8]

3.1.9 “UWB Propagation Phenomena,” Kai Siwiak [9]

A path loss model in the multipath environment is proposed based on multipath delay spread. The model provides a transition function between free space and another power law  based on a connection between measured multipath delay spread rms(d) and the propagation law. It leads to a theory for a generalized propagation law model, and also offers a better understanding of multipath dispersion. The theoretical model appends the multiplying factor

 
 [1exp(-t0/rms(d))] 

to free space propagation where rms(d) is the rms delay spread as a function of distance, and where rays arrive at intervals t0 on average. When rms(d) can be expressed as some power (2) of distance d, the multiplier generally can be expressed as a transition function


[1exp((dt/d )2)]
between free space square law propagation and  power propagation beyond the transition distance dt. Parameters dt =12 m and =3 seem appropriate for 802.15.3a selection purposes.
3.1.10  “Propagation notes to P802.15 SG3a from IEEE Tutorial,” Kai Siwiak [10]
This contribution shows a fundamental system limit in UWB, 173.3dB/Hz, which is bounded by thermal noise, the 3.1-10.6 GHz band, and the FCC emission limit. It is shown that practical systems operate as much as 25 dB from the limit, and that consequently the 802.15.3a data rates can be achieved only in radio propagation path loss environments that are moderate or benign.

3.2 Considerations for selecting a UWB channel model

Summary of concerns, challenges, issues, etc.

3.3 Proposed UWB channel model

3.3.1 Path Loss Model

3.3.2 Multipath Model

3.4 Realizations from channel model

Provide the actual realizations that we would like proposers to use in evaluating their PHY (100 for each environment).

3.5 How to use the model and realizations

How to handle different UWB bandwidths, different sampling times, etc.  How to show results (outage probability, average BER, etc.)?

3.5.1 Level of disclosure desired by PHY proposals

Clearly, the performance of any PHY partly depends on the receiver implementation, which is outside the scope of the standard.  However, in order to properly evaluate the relative merits and complexity required for the different PHY proposals in a multipath channel, it is desired to have an understanding of the level of complexity needed in the receiver in order to achieve the provided performance results.  Therefore, it is desired that the proposers provide, at a minimum, the following receiver characteristics that was able to achieve the given results:

· Complexity of receiver (number of gates, die area required, or other parameters that help quantify the receiver complexity)

· Power consumption of the receiver

In addition, it would be desirable, although not required, to provide the following information:

· Number of taps in an equalizer, if used

· Rate at which the equalizer needs to run (minimum clock rate)

· Equalization algorithm used (LMS, RLS, etc.)

3.6 Time variability of channel

How fast will the channel be changing??
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Appendix

Following is the Matlab code that was used to generate the channel model realizations.
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