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Abstract


The results of a study commisioned by Sharp Labs of America  on indoor propagation characteristics at in the UNII bands  show that:

a) In homes, such as those in suburban locations,  there is sufficient link margin to enable the operation of 802.11a at high enough rates to make AV transport with MAC-level FEC feasible,

b) There is sufficient link margin to show that MAC Layer FEC provides a substantial benefit despite the fact that the PLCP header is still vulnerable.

c) The channel characteristics inside the home, while showing that log-normal shadowing happens,  do not show a significant time-variation. 

We will provide an analysis based on measured link results in the 5.15-5.35GHz band,  performed by Polytechnic University, and  commissioned by Sharp Labs of America[1] .  These results are to be published in an upcoming issue of the IEEE Journal on Selected Areas in Communications (June , 2002).
First, we shall discuss overall link quality, and then we shall present results on fading and shadowing.

Finally, we shall mention published results on concatenated coding.
0.Introduction

Several arguments have been raised against the use of Reed-Solomon Coding in the MAC Layer.  This submission attempts to answer two the arguments that have been raised, namely: 

1. The link quality is too poor to support their use.

2. The channel fades too rapidly- and stays rapidly for a long enough time to preclude their use without a long interleaver.

There are essentially 3 other arguments that will not be explored in great detail here except to say the following:

1. The channel can’t be equalized  fast enough.  Our measurement results from [1] indicate that delay spreads greater than 100ns were not observed. That should imply that there is sufficient time in the preamble/guard time to initially equalize the OFDM signal, and that if updated equalization is done during the MPDU reception, the channel should be able to be well equalized. 

2. The Viterbi decoder will make too many burst errors for the Reed-Solomon coder to function effectively.  This is in reality a corollary of the above arguments.  Given that good equalization is possible, the channel will in effect after the equalizer be, with a small implementation loss, essentially equivalent to an AWGN channel. We are currently involved in simulations that show that in the AWGN channel, using the proposed coding scheme, the concatenated coding scheme does indeed provide a usable margin.  These results are also illustrated in space applications from references [2] and [3].

3. The PLCP header still cannot be protected. This is true, but it reduces the packet failure rate, in AWGN, from about 10% to about 10-4, which with tightly scheduled acknowledgements,  is suitable for AV applications relying on minimum latency.

1. OVERALL LINK QUALITY SAID TO BE “SUFFICIENT” FOR 54MBPS !

Results show range will be useful in home networks. 

In table 1 we show the predicted  coverage range for different scenarios for a  IEEE 802.11a link.  This spreadsheet integrates information from two sources:

1. The transmit power levels from sec. 17.3.9.1 (P802.11a/D7.0), and receiver minimum input level sensitivity values from 17.3.10.1 (P802.11a/D7.0).

2. Meausrement results conducted at a small office and home for several scnearios at 5.2GHz

Measurements of path loss were taken in 3 houses and one small office.  In the small office, approximately 26 different receiver/transmitter  locations were used; in the houses,  at least 40 different locations of  receiver and transmitter were used. 

Summarizing info. from the former, the power levels allowed by the FCC in the 5.2GHz UNII band range from 40 to 800mW in the USA (with up to 6dBi antenna gain).  Also, the receiver minimum sensitivity for a 10%FER for 1000 octet long packets ranges from –82dBm (6Mbps) to –65dBm (54Mbps).  These values are based on assumptions of a noise figure of 10dB and a 5dB implementation margin.  

Next, from the propagation study report, we have the following empirical result for range dependent characteristic of the measurement system (the antenna, incidentally, provides a uniform omni-directional pattern in the azimuth, with a  9dBi gain):

Preceived  = -20.82*log(R) –27.56

where R is the range in meters, and Preceived is the received power in dBm.  This is for a transmitted power of 10dBm.  Hence, we adjust for any given transmitted power Ptx  and excess path losses represented by L, and rewrite the above equation as:

Preceived  = -20.82*log(R) –27.56 + (Ptx  - 10 - L),

Or,

R = 10^{ -[ Preceived +27.56 - (Ptx  - 10 - L)] /20.82}.

Finally, we use some typical results from Section 3 of the referenced propagation study to derive range estimates for coverage that satisfies the minimum receiver sensitivity requirements.  Please see the accompanying spreadsheet for values.

The different propagation cases we include in this spreadsheet are:

1. Free space propagation.  For 40mW, the range varies from 801m (6Mbps) to 122m (54Mbps).

2. Office building – receiver in same room, with LOS to transmitter.  Excess path losses of 0-13 dB are reported in the propagation study.  For 40mW, the range varies from  265m(6Mbps) to 40.47m (54Mbps).

3. Office building – receiver in same room with partial LOS to transmitter – there are metallic cabinets and workbenches in between.  Excess path losses of around 20dB reported. For 40mW, the range varies from 87.7m (6Mbps) to 13.39m (54Mbps).

4. Office building – up to 3 walls between RX and TX, no LOS.  Excess path losses of 10 to 25dB reported. For 40mW, the range varies from 87.7m (6Mbps) to 13.39m (54Mbps).

5. Suburban house – locations with LOS, partial LOS and some locations with one wall between RX and TX.  Excess path losses of around 5dB reported. For 40mW, the range varies from 461m (6Mbps) to 70.35m  (54Mbps).

6. Suburban house – locations with 3 walls between RX and TX. Excess path losses of about 15dB reported. For 40mW, the range varies from 152m (6Mbps) to 23.28m (54Mbps).

7. Suburban house – locations with one interior and one exterior wall between RX and TX. Excess path losses of about 13-16dB reported. For 40mW, the range varies from 152m (6Mbps) to 23.28m (54Mbps).

Table 1: 

	FREQUENCY Range:
	5.15-5.25 GHz
	

	
	
	

	TX Power (dBm)
	16.02059991
	

	
	
	

	RX min. sensitivity (dBm)
	-82
	

	
	
	

	Free Space range (m)
	801.6177682
	m

	
	
	

	Office, LOS, excess path loss (dB)
	10
	dB

	Office, LOS, range (m)
	265.2527763
	m

	
	
	

	Office, blockage by metallic bench, excess path loss (dB)
	20
	dB

	Office, blockage by metallic bench, range (m)
	87.77130215
	m

	
	
	

	Office, No LOS, upto 3 indoor walls, excess loss (dB)
	20
	dB

	Office, No LOS, upto 3 indoor walls, range (m)
	87.77130215
	m

	
	
	

	House, one wall, excess loss (dB)
	5
	dB

	House, one wall, range (m)
	461.1196575
	m

	
	
	

	House, 3 walls, excess loss (dB)
	15
	dB

	House, 3 walls, range (m)
	152.5830317
	m

	
	
	

	House, 1interior and 1 exterior wall loss (dB)
	15
	dB

	House, 1interior and 1 exterior wall, range (m)
	152.5830317
	m


2. CHANNEL FADING STATISTICS

Because of scattering by the objects and the building structure, the observed signal at a receiver location is a summation of fields with different amplitudes and phases arriving from different directions. The resulting summation exhibits rapid variation with position. To characterize the rapid local field variation, the received power is observed as the receiver is moved along the circle of circumference 22(, while the transmitter is held stationary. Typical variations, measured using vertically polarized antennas in Office 1 are plotted in Figure 1. Temporal fading for a fixed receiver position is also shown.


The temporal fading variation of the fixed receiver is very small. Temporal measurements at other receiver locations have different average levels given by the spatial fading pattern, but only very small time variation. The received power level for the moving receiver shows deep fading characteristics at LOS and nLOS sites. Its average is called sector average. Similar plots for typical locations in  “House 1” (one of the three aforementioned homes) are shown in Figure 2

Three locations of the receiver in “House 1”  wre used.;  6 locations in Office 1 were used. 

This data thus disputes the conjecture that temporal fading would be severe in this channel. 
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Figure 1
Cumulative distribution functions of temporal and spatial fading signals at a LOS and a nLOS path in Office 1
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Figure 2
Cumulative distribution functions of temporal and spatial fading signalsat different Rx locations in House 1
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