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1 Actual Quiet Period Duration

There are several factors that effect the duration of the actual quiet period at a WRAN station.  The first factor is the duration of the scheduled quiet period for the WRAN cell and its nearby cells.  The next factor is the propagation time from the farthest WRAN cell that could effect the quiet time. The last factor is the synchronization error between WRAN cells.

The relationship between the scheduled quiet periods in two nearby WRAN cells and the actual quiet period at the WRAN station is illustrated in Figure 1.
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Figure 1: Actual Quiet Period and two Scheduled Quiet Periods


The duration of the actual quiet period is less than the duration of the scheduled quiet periods due to the timing difference at the WRAN station due to the propagation time difference and the synchronization error.

First let us look at propagation time difference.  The speed of light is given by,
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The propagation time for this distance d is,
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Where d is the distance in km.

The worst case situation is when the propagation time within the cell is small and the propagation time from the nearby cell is large.  This situation is at the base station with interference from a nearby base station.


We need to specify how far away we need to be concerned about. Let us say that any WRAN cell that is far enough away that even if it does not quiet then the resulting interference is 4 dB below the noise floor.  With a typical noise floor of -96 dBm (assuming a 10 dB receiver noise figure) that corresponds to an interference level of -100 dBm.


We use the ITU propagation model for our WRAN.  Each base station has an antenna height of 75 meters. The base station radiates at 36 dBm EIRP.  To model the 75 meter height of the receiving base station we need to use the correction factor in Section 9 of the ITU document [1].   We use the F(1,1) curves to ensure that the likelihood of receiving a signal above this level is small.  The ITU model for this case gives a distance of 85 km to ensure the interfering power level is below -100 dBm. So we assume we have to synchronize WRANs that are closer than that distance.
Then the worst case propagation time difference is,
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The time accuracy that can be obtained using GPS is approximately 3 (s.    So the maximum synchronization error between base stations would be twice that, 6 (s.  So if we add that to the propagation time we get 289 (s.  To simplify the analysis we can round this to 300 (s.  So the scheduled quiet time must be 300 (s longer than the required quiet time.  So if we need 5.1 ms (as required by the TG1 beacon) the scheduled quiet time must be at least 5.4 ms.


The number of symbols in a PHY frame depends on the length of the cyclic prefix.  Also, the duration of each symbol depends on the length of the cyclic prefix.  This effect how many symbols are required to be included in the scheduled quiet period.  In this analysis the receive transmit turnaround gap (RTTG) is not included in the quiet period since the system may want to transmit both downlink and uplink data.  So it is assumed that the quiet period is at the end of the frame after the completion of both the uplink and downlink data.
Table 1 summarizes the situation for different cyclic prefix lengths.  The number of required symbols is calculated to meet the 5.4 (s required scheduled quiet period.  The number of remaining symbols is the total number of symbols minus those that are used for the quiet period.  Finally, since the FCH, DS/US Map and the DCD/UCD are assumed to utilize a single symbol.
	Cyclic Prefix
	Number of Symbols
	Symbol period with CP ((s)
	Required symbols for QP
	Remaining Symbols
	Remaining data symbols

	1/4
	26
	373.33
	15
	11
	10

	1/8
	29
	336
	15
	13
	12

	1/16
	30
	317.33
	17
	13
	12

	1/31
	31
	308
	18
	13
	12


Table 1: Summary of symbols used for quiet period and remaining data symbols
We see that of the original 26 to 31 symbols for each frame between 10 and 12 remain for data symbols once we account for the symbols used for the scheduled quiet period.
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Abstract


The worst case duration of the actual quiet period duration is calculated based on the duration of the scheduled quiet period, propagation delays and synchronization errors.
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