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Introduction
In the analysis of the required link margin for TG1 transmitters to be detectable by potentially interfering devices [1], an essentially reciprocal path loss was assumed between 1) the interfering (WRAN) transmitter and the microphone receiver and 2) the TG1 transmitter and the interferer’s sensing receiver.  The premise was that the interfering transmitter really only needed to detect the beacon signal if the interference could exceed tolerable levels.  If the interference was sufficiently far below harmful levels, then it wouldn’t impair the licensed operation if the unlicensed transmissions occur and wouldn’t require reliable detection of the beacon (i.e., the closest WRAN device is beyond the interference range of the microphone deployment).
Discussion

Figure 1 from [1] is repeated here for convenience.  Here, PL is the ‘bulk’ (range and terrain dependent) path loss that is assumed to be reciprocal.  Non-reciprocal elements are introduced due to the spatial separation between the beacon transmit antenna and the microphone receive antenna.  These antennas will in general have slightly different lat-long and elevation coordinates, but they are assumed to be close-enough in proximity to keep the bulk path loss PL the same.  The differences then are 1) the different antenna heights, which can be accounted for with several standard propagation models that estimate this difference due to typical surrounding clutter (e.g. urban, rural), and 2) the different multipath exposure for each antenna (more complicated to estimate, especially for antennas of different heights perhaps experiencing different obstructions).  As a simplifying assumption, both the beacon transmit and microphone receive antennas are assumed to be exposed to the same multipath power-delay profile, but the analysis assumes that the rays will have different phases at the two antennas and hence the channel will have different frequency responses for each path.  
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Figure 1.  The interference scenario under consideration in [1].

It is conservatively assumed in [1] that the beacon signal is down-faded by F ↓ while the worst-case WRAN interference is upfaded by F ↑ but also suffers additional path loss Δ due to a lower microphone receive antenna.  The path from the interfering transmitter to the microphone receiver, labelled “PL + Δ – F ↑ ,” experiences the interference condition described by the equation
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(1)

The upfade F ↑ was assumed to be 6 dB but in fact with averaging over 200 kHz it is only (for WRAN channel B) more like 2.6 dB due to the narrow bandwidth (compared to the 200 kHz microphone bandwidth) upfade peaks.  But, for shorter delay spread profiles (which should be considered especially in urban areas), the peak could be larger.  The maximum path upfade for a given frequency (after power normalization 
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 [2]) for all WRAN B rays aligned in phase is 5.44 dB.
The path for the detection of the beacon transmission at the interfering receiver was given in [1] by


[image: image4.wmf]PL

F

N

E

NF

B

G

G

P

N

E

NF

B

G

F

PL

G

P

o

s

w

b

sens

w

tx

b

b

o

s

w

b

sens

w

tx

b

b

>

+

-

-

-

+

+

+

ß

+

+

+

-

>

+

+

-

+

¯

¯

4

4

3

4

4

2

1

4

4

4

4

3

4

4

4

4

2

1

3

2

1

4

3

4

2

1

4

4

3

4

4

2

1

value

downfade

 

plus

 

Es/No

 

of

 

instead

here

  

Es/No

 

channel

 

faded

 

used

min

,

,

,

min

,

noise

  

WRAN

gain

antenna

sensing

WRAN

,

loss

path 

EIRP

beacon 

,

)

/

(

log

10

174

log

10

/

log

10

174

)

(

log

10


(2)

Eqs. (1) and (2) were combined by equating PL = PL to give Eq. (3) below, which relates the parameters of both links to solve for the minimum Es/No to ensure detectability.  This equation was used in [1] to determine detection-to-interference link margin:
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(3)

If the left-hand side of the equation comes out to a number greater than the 1% PER Es/No for the modulation, then the beacon signal should be detectable at least 99% of the time by the potential interferer.  If the left-hand side is less than the 1% PER Es/No, then the beacon signal could be missed by the potential interferer more than 1% of the time (which may still be tolerable since it could schedule another window to listen again, depending on the response times).
The original analysis in [1] did not assume any spreading, so the equations were in terms of Es/No.  However, the accepted modulation uses an 8x spreading, which results in a different value for the chip energy Ec/No, hence the equation will be restated in Ec/No.  For a Gaussian channel with 8x spreading and rate-1/2 convolutional coding, the 1% PER Ec/No for MSF1 was found to be ‑2.3 dB, while for the longer, unprotected MSF2, the 1% PER was found to be around 5.5 dB [3].  

There is another way to approach this analysis, and that is to use essentially flat up and down fades and the Gaussian channel Ec/No values.  In this case, F↓ is not absorbed into the Ec/No value as it was in [1] but rather the AWGN value is used and the F↓ value remains in Eq. (3).  Then Eq. (3) can be rewritten as (note the beacon chip bandwidth Bbc is used instead of the beacon symbol bandwidth Bb)


[image: image6.wmf].

/

/

)

(

)

(

)

(

log

10

0

/

)

/

(

log

10

max

,

,

,

max

min

,

,

,

,

o

c

NF

m

w

F

G

rx

m

sens

w

tx

b

bc

w

w

b

o

c

m

w

sens

w

rx

m

tx

b

bc

w

w

b

N

E

N

I

NF

NF

F

F

G

G

G

B

B

P

P

N

I

F

N

E

NF

NF

G

F

G

G

B

B

P

P

>

+

-

-

+

-

-

+

+

D

+

÷

÷

ø

ö

ç

ç

è

æ

ß

>

+

+

-

+

-

+

-

-

+

D

+

÷

÷

ø

ö

ç

ç

è

æ

D

D

­

¯

D

¯

­

4

4

3

4

4

2

1

4

3

4

2

1

4

4

4

3

4

4

4

2

1


(4)

As an example of how the equation is used, suppose the following assumptions apply [4]:

Table I.  Assumptions.

	Pb
	0.25 W

	Pw
	4 W

	Bw
	5.625 MHz

	Bbc
	76.9 kHz

	Δ
	16.8 dB

	Gb,tx
	7 dBi

	Gw,sens
	0 dBi

	Gm,rx
	0 dBi

	ΔF
	11.2 dB


	ΔNF
	5 dB


	I / Nmax
	0 dB



Then according to Eq. (4), the TG1 sensing receiver must be able to decode with 

6.6 + Δ + (7 + 0 – 0) – 11.2 – (11 – 6) – 0 = -2.6 + Δ. > Ec/No.  
(5)

Table II.  Link margin calculations using fading statistics [5] and AWGN PERs [3], assuming 1% PER requires ‑2.3 dB for MSF1 and 5.5 dB for MSF2.
	Condition
	Δ (dB) [4]
	Ec/No Requirement (dB) Eq. (5)
	MSF1/MSF2 Margin (Shortfall) (dB)

	P.1546, rural, 10 m beacon 
	16.8 
	14.2
	16.5/8.7

	Hata small/medium city, 3 m beacon
	3.5
	+0.9
	3.2/(-4.6)



Table II shows that there is a positive link margin for the rural 10 m case, but a shortfall for the 3 m small/ medium city case for MSF2.  A 2 dBi TG1 transmit antenna vs. the assumed 7 dBi antenna would remove 5 dB from these margins/shortfalls.  Note that these results assume a flat faded channel, which we don’t have with these long delay spreads.  Hence, ISI is not being accounted for in these analyses.

Actual MSF2 faded channel simulations with WRAN B show that an Ec/No of 17.6 dB
 is required for MSF2 to achieve an average PER of 1%.  The 1% PER in WRAN channel B is 12.8 dB worse than in AWGN.  In this case, the down-fade F ↓ is absorbed into the Ec/No, and 2.6 dB is used for the upfade [5].  Then Eq. (4) gives 

6.6 + Δ + (7 + 0 – 0) – 2.6 – 5 + 0 = 6 + Δ > Ec/No.  
(6)

Table III.  Link margin calculations using WRAN-B PER sims [5], assuming 1% PER requires 17.6 dB for MSF2.

	Condition
	Δ (dB) [4]
	Ec/No Requirement (dB)
	MSF2 Margin (Shortfall) (dB)

	P.1546, rural, 10 m beacon 
	16.8 
	21.8
	4.2

	Hata small/medium city, 3 m beacon
	3.5
	9.5
	(8.1)


Note MSF1 was not considered here since no results for coded MSF1 in WRAN B were available.  If MSF1 does about 7.8 dB better than MSF2 in WRAN B as it does in AWGN, then the shortfall for the Hata small/medium city condition would only be about -8.1 + 7.8 = -0.3 dB.  Five dB less beacon transmit antenna gain (i.e. using 2 dBi instead of 7 dBi) would degrade the shortfall from 0.3 to 5.3 dB for MSF1 in the Hata small/medium city condition. 
Conclusion

The flat-fading assumption that relies on the average fade depth integrated over the beacon bandwidth [5] shows that there is adequate margin for MSF1 (Table II), though this margin disappears with a 2 dBi beacon transmit antenna gain for the small/medium city model, and there is insufficient MSF2 margin in the small/medium city model even with the 7 dBi antenna.
The link margin using the actual fading channel PER simulations for MSF2 (Table III) is satisfied using 7 dBi beacon transmit antenna gain and 10 m height, and it is expected there would be a margin of about 12 dB for MSF1 with an assumed 7.8 dB coding improvement. There is still an 8 dB shortfall for 3 m height even with 7 dBi antenna gain (at least for MSF2) compared to the flat faded results.  MSF1 may just barely fall below a balanced link (-0.3 dB).  A 2 dBi antenna gain would result in a 5.3 dB shortfall for the 3 m small/medium city model.
The conclusion is that there is still inadequate link margin for the low beacon height with 2 dBi transmit antenna gain even with the simpler (and less accurate) flat-fading assumption if 1% average PER is the target rate.
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Abstract


Link margins for TG1 detection vs. WRAN interference are determined using two different methods – one assuming an AWGN channel determined by the fade integrated over a channel bandwidth, the other determined by a BER simulator with a channel model.  Link margins are determined for two antenna height conditions: 10 m with rural clutter, and 3 m with small/medium sized city clutter.  The conclusion is that there is inadequate link margin for the low beacon height with 2 dBi transmit antenna gain even with the simpler (and less accurate) flat-fading assumption if 1% average PER is the target rate.














� Simulations with WRAN channel model B indicate that the average channel gain difference between the up and down fades (differential fade) will be worse than 11.2 dB only 5% of the time.  This simple analysis, which uses relative fade values instead of the Ec/No,min results from a faded simulation, assumes flat fading and does not account for ISI which would degrade sensitivity below the values shown here.  Differential fades are worse than about 16 dB only 1% of the time for WRAN channel B.


� That is, the WRAN sensing NF is 5 dB worse than the microphone receiver NF (e.g. 11 dB vs. 6 dB).  Additionally, an implementation loss could be added to the WRAN NF, or it can be accounted for in the required Ec/No.


� The interference level in the microphone receiver is equal to the thermal or other environmental noise level.  This would result in 3 dB sensitivity degradation.  If this value was -6 dB, a 1 dB degradation would result.


� We had previously used an Es/No value of 31 dB, which corresponds to an Ec/No value of 22 dB for 8x spreading.
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