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Abstract
In this contribution we offer several characteristics which we feel a WPAN High Rate link should exhibit.  We open with a market description of the requirements then quickly move to technical details.  Amongst this detail is an emphasis on video/multimedia distribution and an asymmetric data flow.  An RF channel model is offered that has range and multipath parameters and a gain budget is presented that suggests the performance criteria should be a BER of 10e-6 at an input referred SNR of no more than 16 dB.
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Verbal Description of the High Rate Requirements

We can envision two scenarios of operation:

Scenario #1 – Isochronous Data

The first scenario is where a person wants to transmit/receive high rate data in a limited area.  We believe the most likely source of this data will be video or music applications.  One such example is shown below where a video player is wirelessly connected to several monitors.  The monitors are making low rate responses; hence, most of the data flow is from the player to the monitors (an asymmetrical data flow).
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This type of link needs to be established in an ad-hoc manner and must support both point-to-point and point-to-multipoint links.  It must have low latency (isochronous data) in the forward (high rate) direction and a reasonable bit error rate (10e-6 as opposed to 10e-9).  The range must be at least 10 meters and long range operation (>30 meters) is NOT considered a plus since these ranges are not in the spirit of a personal area network (i.e. can cause interference outside the “personal area”).  It is very likely that a TG1/Bluetooth low rate networks will also be simultaneously operating and the two networks must coexist without interference.

Scenario #2 – Large File Download

An example of this application is the downloading of a video file from a digital camera to some storage device such as a computer hard drive.  






Again, the data flow is highly asymmetrical, flowing mainly from the camera to the computer with only low rate responses from the computer.

The data link must be very robust since errors are undesirable; thus, erred frame detection and errored frame retransmission should be used (i.e. the data is not isochronous and a reasonable amount of latency can be tolerated).  The link should be established in an ad-hoc manner and it is point-to-point in nature.  

Applications and Data Rates

Of the two scenarios, the application driving the throughput data rate is the streaming isochronous data application.  It is believed that the throughput needs to be at least 20 Mbps.  Below is a table of applications that would be serviced with a 20 Mbps data rate.



Accumulated Characteristics

Based upon the above discussion, we can summarize our characteristics:

· Range: 10 meters

· Data Rate: 20 Mbps forward, relatively low rate reverse

· Simultaneous Operation in presence of TG1/Bluetooth without interference

· 5 GHz band operation recommended

· Ad-hoc networking with a link emphasis (like TG1/Bluetooth)

· Two modes of data transfer …

· Isochronous (BER <=10e-6) … point-to-point and point-to-multipoint

· File Transfer (BER <=1e-9) … point-to-point only

Channel Model

Given the short-range nature of the data link, we believe an appropriate (and a minimal) model for the RF channel is shown in the following figure.

Here we see a signal source on the left transmitting to a signal sink on the right.  We are using the two-ray model for multipath analysis.  The direct signal path range is 10 meters and the maximum amount of time delay associated with the second (indirect ray) is 25 ns
 with a -6 dB reflection coefficient.  This corresponds to a reflected ray path of 17.4 meters.  We have diagrammatically shown that the direct signal path can be attenuated by an absorbing blockage (such as a person) so one can not automatically assume that the reflected ray is weaker than the direct ray.  In fact, the most general case is the two rays can have any relative signal strength – including being the same strength!

The associated analysis is shown below:

Assumed TX Power: +20 dBm

Assumed RX Noise Figure: 15 dB (inexpensive implementation)

Assumed RX Noise Bandwidth: 20 MHz 

RX Noise Floor: -174+10*log(20e6)+15 = -86 dBm

Assumed Margin: 6 dB (implementation loss)

Assumed Antenna Excess Loss (at each antenna): 6 dB (over isotropic)

Maximum Second Ray Delay: 25 nS

Maximum Second Ray Reflection Coefficient: -6 dB

Required Direct Ray Range: 10 Meters

Loss Equation (dB): L=32.5+20log(Dmeters)+20log(FGHz) 

At 5.8 GHz, assuming the direct ray is blocked, the loss of the reflected ray path (17.4 meter path length) is given as:

L = 32.5+24.8+15.3+6 = 78.6 dB

where we have included the 6 dB reflection coefficient.

We now include the antenna loss (two antennas at 6 dB per antenna for 12 dB) and the assumed implementation loss (6 dB):

Total Loss Budget: L+6+12 = 78.6+18 = 96.6 dB

TX Power available at RX: +20 dBm – 96.6 dB = -76.6 dBm

Minimum Available SNR
: -76.6 dBm –(-86 dBm) = 9.4 dB (~10 dB)

Thus, we see that our assumed parameters indicate that the selected modulation waveform must be able to pass 20 Mbps isochronous data with a BER of 10e-6 at an input referred RX SNR of 16 dB.

There is a couple of ways to interpret the above statement.  Let’s consider a QPSK example.  If we have low implementation loss, say 2 dB, then the SNR at the bit decision point will be 16 dB – 2 dB = 14 dB.  For QPSK we can achieve 10e-6 without coding.  On the other hand, if we have 6 dB of implementation loss then the SNR at the decision point will be 16 – 6 = 10 dB which is just a little shy of what is needed for 10e-6 BER without some coding gain.  However, this does not tell the whole story.  We can easily pick up another couple of dB degradation in performance due to multipath distortion.  In this case we could find the additional coding gain very useful in achieving our 10e-6 performance.  We believe any implementation should definitely consider the use of error correction coding to improve performance.

A Suggested Channel Model for Simulation Evaluation

We can leverage the work done in IEEE802.11 and draw upon contribution IEEE P802.11-97/96 by Naftali Chayat for a suggested channel model for simulation evaluation.  In this work Dr. Chayat presents a statistical model with a key parameter Trms, the rms delay spread, which we are suggesting should be set to Trms=25 nS.  An edited version of that contribution is presented below.


Tentative Criteria for Comparison of Modulation Methods

Naftali Chayat, Task Group A (5 GHz PHY) Chair

Baseline Channel Model - Exponentially Decaying Rayleigh Fading Channel

The following channel model was agreed to be one of the baseline models for comparison of modulation methods. It’s convenience is in its simple mathematical description and in the possibility to vary the RMS delay spread. The channel is assumed static throughout the packet and generated independently for each packet.












Fig 1: Channel impulse response; black illustrates average magnitudes, gray illustrates magnitudes of a specific random realization of the channel; the time positions of black and gray samples are staggered for clarity only.

The impulse response of the channel is composed of complex samples with random uniformly distributed phase and Rayleigh distributed magnitude with average power decaying exponentially.
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where 

 is a zero mean Gaussian random variable with variance 

, and 

is chosen so that the condition

is satisfied to ensure same average received power.

It is assumed that the sampling time Ts in the simulation is shorter than a symbol time (or chip time) by at least a factor of four (typically in simulations it is a submultiple of the symbol duration). The number of samples to be taken in the impulse response should ensure sufficient decay of the impulse response tail, e.g. kmax=10TRMS/Ts.
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AC3 Dolby Digital        384 kbps


CD Audio	                     1.5 Mbps


MPEG1	                     1.5 Mbps


USB	                         1.5/12 Mbps


MPEG2	                     4-6 Mbps


DVD	                    up to 9.8 Mbps


ADSL	                        8 Mbps


Cable Modem                  6 Mbps


VDSL	                 13-52 Mbps


HDTV	               19.280 Mbps	





Application          Data Rate   





Computer





Camera





Video


Monitor





Video


Monitor





Video


Player





10Ts





time





magnitude





8Ts





7Ts





6Ts





5Ts





4Ts





3Ts





2Ts





Ts





0








�  Intersil Internal Memo, 27 Oct 1999 … Results of field testing at the University of Central Florida in the 2.5 GHz and 5 GHz bands.


�  This includes 6 dB implementation loss.  Note: the SNR at this point is referenced to the bit decision point.
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