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1. Summary of the characteristics of the IEEE802.22.1 beacon signal and protocols

IEEE P802.22.1 standard defines the protocol and data format for communication devices forming a beaconing network offering enhanced protection for licensed low-powerauxiliary devices operating in television broadcast bands. In such beaconing network, three types of protecting devices (PD) are identified:

· Primary Protecting Device (PPD): the PPD is the main device responsible for providing incumbent protection. The IEEE 802.22.1 draft specification requires that it transmit beacon data at least every other superframe. The information within the PPD beacon transmissions may or may not include information aggregated as a result of inter-device communication with other PDs.
· Secondary Protecting Device (SPD): an SPD is a PD that has chosen to have another PD provide protection on its behalf. The protection information is shared with the PPD via inter-device communication, and subsequently broadcasted as part of the PPD’s regular beacon transmissions.
· Next-In-Line Protecting Device (NPD): an NPD is an SPD that has been selected by a PPD to become the new PPD in the event that the current PPD ceases beacon transmission.
A beaconing device shall operate using the following parameters:
· Offset from lower TV channel edge: 309.4kHz
· Chip rate: 76.873 kchips/s
· Symbol rate: 9.6091kBaud
· Occupied bandwidth: 77kHz at -3dB and 110kHz at  -20dB
1.1. Superframe structure

The standard employs the superframe structure shown in 
Figure 1
. The superframe structure consists of 31 slots. Each slot is comprised of 32 DQPSK symbols, where a symbol duration is 1/9609.1 seconds (i.e., 104.1 microseconds) in length. The superframe is comprised of a synchronization channel and a beacon channel transmitted continuously in parallel. The synchronization channel consists of a succession of synchronization bursts. The beacon channel consists of the PHY Packet Data Unit (PPDU), which contains the MAC beacon frame. Following 30 synchronization bursts and the PPDU, if the PPD is in its initial transmission period, the last slot transmits the synchronization bust of index zero, in which case the PPDU data are all set to zero. Otherwise, the last slot is an inter-device communication period (ICP), which is composed of a receive period (Rx) and an acknowledgement/no-acknowledgement period (ANP) as well as three transit gaps separating those periods.
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Figure 1.  Superframe logical format

1.2. Beacon frame structure

The PPDU consists largely of the MAC beacon frame. The MAC beacon frame contains information relevant to the device or devices protected by the protecting device, including the physical location of the beaconing device and the estimated duration of TV channel occupancy. Figure 2 shows the structure of the beacon frame, which originates from within the MAC sublayer of either a PPD or an SPD. The beacon frame contains three MAC sub-frames (MSF). MSF1 contains the source address field, location field and three MAC parameter fields. MSF2 contains the channel/subchannel map and signature fields. MSF3 contains the certificate field. The signature and certificate fields are part of the public-key cryptography security solution. Figure 2 gives a schematic view of the beacon frame and the PHY packet (PPDU).
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Figure 2.  Schematic view of the beacon frame and the PHY packet (PPDU)
1.3. Synchronization burst

Each slot contains a synchronization burst, as well as a fixed number of PPDU bits. The synchronization bursts, consist of a 15-bit synchronization field followed by 7-bit index field that decrements with each burst transmission, an 8-bit parity field for detecting and correcting errors on the index value, and a 2-bit reserved field, as is shown in Figure 3. Each synchronization burst occupies one 32-bit long synchronization channel slot of duration 32 bits/9609.1Hz=3.3301ms. 
In the synchronization burst, the sync field is used by the receiver to detect the presence of the synchronization burst and to synchronize to the slot timing. The index field is used to obtain frame synchronization with an incoming beacon. It contains a numerical value equal to the number of slots remaining before the start of the next superframe. The index field is decremented by one each time the data contained within a slot is transmitted until the index reaches either zero or one, depending on whether the PPDU will be followed by an ICP period.
If the PPDU is not followed by an ICP period, the final index ise zero, and the next superframe starts immediately. If the PPDU is to be followed by an ICP period, the final index is one, and the next superframe starts after the ICP period.
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Figure 3.  Schematic view of the synchronization burst sequence
1.4. Inter-device communication period (ICP)
The inter-device communication period is only included in the superframe if the PPD is not executing the device initialization procedure. The order of symbols within the period is as follows: 5 symbols of turnaround time, 8 symbols for the receive period, 6 symbols of turnaround time, 8 symbols for the ANP and another 5 symbols of turnaround time. 

The RTS period is used by an SPD to reserve a superframe to transmit its beacon frame to the PPD. Each RTS burst consist of an RTS codeword field, wherein a RTS codeword shall randomly be selected from the list of available RTS codewords. An NPD codeword can also be sent by the NPD during the RTS period to inform that the NPD is still active. Both RTS codeword and NPD codeword are cyclically shifted sequences of the 15-bit sync field except for the first zero bit in the sequences.

The ANP period is used by the PPD to respond to information received during previous receive periods and, more generally, to communicate with other PDs. The list of possible ACKs in this period is identical to the possible RTS codewords. NACK is also a cyclically shifted sequence of the 15-bit sync field except for the first zero bit in the sequences.
1.5. PHY specifications

The IEEE P802.22.1 PHY employs direct sequence spread spectrum (DSSS) with differential quadrature phase-shift keying (DQPSK). Figure 4 provides a functional block diagram describing the PHY modulation and spreading function. 

Data bits either belong to the synchronization logical channel, the beacon logical channel, the RTS burst, or the ANP burst and are parsed between the physical I channel and the physical Q channel, which are used as input for the DQPSK encoding. DQPSK encoding is a phase change applied to the previous DQPSK symbol according to the two raw data bits from the I and Q channels being encoded. After DQPSK encoding, each DQPSK symbol is mapped into an 8-chip, complex, pseudo-random noise (PN) sequence. The chip sequence is modulated onto the carrier with square-root-cosine pulse shaping applied separately to the in-phase and quadrature components of the complex modulation chips.
FEC is applied to portions of both the synchronization burst and the beacon frame. A (15,7) block code is applied to the Index field of the synchronization burst. A half-rate, binary convolutional code is applied to the first MAC subframe (MSF1) of the beacon frame. Details can be found in the IEEE P802.22.1 Standard. 
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Figure 4.  Modulation and spreading functions
2. Reference receiver architecture for the WRAN

The reference receiver block diagram is shown in Figure 5. Decision points along the receiver path are highlighted with numbered boxes. The information that can be extracted at each decision point according to specific implementations is described in Table 1.  

Two data paths are shown in Figure 5. One data path is used for sensing during short regular quiet periods, and the other data path is used for sensing during a long scheduled quiet period. Note that a different implementation could be used for the data path used for sensing during a short quiet period, where the detection of the presence of the inter-device communication period, and the analysis of the location of the different data fields in the inter-device communication period, could be done after DQPSK demodulation. The demodulator may need to recognize silent symbols, and replace them by erasures rather than make hard bit decisions. 
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Figure 5.  Reference receiver block diagram
	Decision point
	Description
	Result

	(A)
	Energy detection of the TG1 beacon signal within the 76.8731 kHz bandwidth provides improved coverage over the direct detection of the protected wireless microphone signal due to the larger power of the beacon. However, the type of signal detected cannot be deduced from simple energy detection. Measurement of the signal level is an indication of the distance of the TG1 transmitter from the WRAN receiver.
	A certain device is occupying the channel.

	(B)
	The detection of the 8-chip DSSS PN sequence offers a 9.0309 dB processing gain over energy detection. This is a feature detection technique, which uniquely identifies an 802.22.1 signal. Reliable detection of the PN sequence is a strong indication of the presence of a TG1 beaconing device. Measurement of the signal level can give an indication of the distance of the TG1 transmitter from the WRAN receiver.
	A TG1 beacon is in the channel.

Estimated distance of the TG1 transmitter from the receiver.

No synchronization information.

	(C)
	Identification of the 15-bit sync sequence offers no improvement in terms of signal level (no processing gain), nor any additional information relative to the authenticity of the TG1 beaconing device, beyond what could be achieved in (B). The sole purpose of the 15-bit sync sequence is to synchronize the bit sequence with the start of the index bit field.
	Same as (B)

	
	At this point, the WRAN receiver may also read the index, but without the error detection and correction capability. Depending on the received signal strength, the receiver may decide that the index was likely received without error and try and schedule a long quiet period to capture the beacon frame. No reduction in short sensing time can be expected with this feature that still needs to capture the 15-bit m-sequence and one index field.
	Unconfirmed frame synchronization information from the index

	(D)
	Successful decoding of the index allows determining the start time of the TG1 frame in the Q channel. The WRAN can use that information to schedule a quiet period synchronized with the start of a future TG1 frame.
	Confirmed frame synchronization information from the index

	(E)
	Successful decoding of the bits of the MSF1 field provides all the information that the WRAN needs to protect the Part 74 device. However, the MSF1 bits alone do not allow the WRAN to authenticate the TG1 beaconing device. The WRAN could be faced with a rogue beacon.
	Beacon data available

Beacon device not authenticated

	(F)
	After successful authentication of the TG1 beaconing device, the WRAN has no further doubt on the presence of a legitimate Part 74 incumbent device in its vicinity, and it must leave the channel.
	Beacon data available

Beacon device authenticated


Table. 1 - Decision points in the data paths of the receiver

Sensing and detection requirements at the WRAN

2.1. Sensing thresholds

The threshold input signal measured at the antenna terminals for 1% packet error rate (PER) in a Gaussian channel for the synchronization word, the index value and MSF 1 is expected to be no worse than –116 dBm. This can be achieved with asensing RF front-end with a Noise Figure of 8 dB, an implementation margin of 2.5 dB and a receiving bandwidth of 77 kHz.  This allows for a 5.7 dB margin in additional selective fading for the TG1 beacon compared to the WRAN 5.625 MHz signal on the otherwise reciprocal RF path between a 4 W WRAN device and the 250 mW TG1 beacon (i.e., the radius of sensitivity of the TG1 beacon is equal to the radius of interference of the 4 W WRAN device with a 5.7 dB margin for extra frequency selective fading expected on the TG1 beacon signal because of its narrower transmission bandwidth.[4]
The 1% PER Gaussian channel sensitivity for both MSF 2 and MSF 3 is expected to be no worse than –109 dBm. This difference in sensitivities is due to the omission of error protection redundancies in MSF 2 and MSF 3 to minimize the overall sensing dwell time.  

For energy detection correlated on the beacon spreading sequence, the sensing threshold is expected to be no worse than –122 dBm for 5 ms sensing time. Energy detection without lock to the spreading sequence over 5 ms will result in a threshold no worse than -113 dBm.  If shorter sensing time is used for energy detection correlated on the beacon spreading sequence, the –122 dBm threshold will raise as a function of 5*log10(time(ms)/5).  If the energy detection does not rely on the spreading sequence, shorter sensing time will raise the –113 dBm threshold by 10*log10(time(ms)/5).

The transmitted center frequency tolerance for the TG1 beacon is expected to be ± 2 ppm maximum.  This has to be combined with the ±2 ppm of the 802.22 system.  Automatic Frequency Control will therefore be needed in the TG1 decoder to counter the constellation rotation resulting from the total ±4 ppm frequency tolerance.

The transmit rms error vector magnitudes of the TG1 burst is expected to be less than 14% averaged over one superframe (N = 124 octets x 8 = 992 symbols).  This EVM measurement is made on baseband I and Q data after recovery through an ideal reference receiver system. The ideal reference receiver is to perform carrier lock, chip timing recovery, and amplitude adjustment while making the measurements. The ideal reference receiver is assumed to have a data filter impulse response that approximates that of an ideal root raised cosine filter with 50% excess bandwidth.

Sensing of the TG1 beacon will need to be done during quiet periods of the WRAN systems on the channel to be sensed as well as its adjacent channels to avoid desensitization of the sensing receiver by WRAN transmissions.

2.2. Sensing times

The basic timing parameters of the TG1 signal, and the minimum detection times (worst cases) to meet the sensitivity performance given in section 3.1, are summarized in Table 2. Note that due to the DQPSK modulation, a single DQPSK symbol duration has been added to the duration of the signal in order to determine the minimum sensing time when demodulation is required.  The total minimum sensing ime for the TG-1 superframe is 102.2374 ms. 

	Sensing type
	Signal feature
	Signal duration
	Minimum sensing time
	Detection strategy
	Related section

	(1)
	Energy
	Continuous except in ICP slot
	5.1 ms. See section 3.1 for more details.
	Energy detection in 77 kHz bandwidth
	3.2.1



	(2)
	8-chip PN spreading sequence
	0.1041 ms

(0.1041 ms period)
	0.8328 ms within initialization period
	Capture 8 consecutive PN sequences *
	3.2.2

	(3)
	8-chip PN spreading sequence
	0.1041 ms

(periodicity broken every 30 slots)
	2.8107 ms outside initialization period
	Capture 8 consecutive PN sequences *
	3.2.3

	(4)
	Synchronization information: sync sequence and index 
	3.3302 ms

(3.3302 ms period)
	5.1009 ms within initialization period
	Capture one sync sequence, and index + parity bits either before or after the sync sequence 
	3.2.4

	(5)
	Synchronization information: sync sequence and index, and slot type (sync burst or inter-device communication period)
	3.3302 ms
	5.1009 ms outside initialization period
	Capture one sync sequence and index + parity bits, otherwise recognize that the signal contains an inter-device communication period 
	3.2.5

	(6)
	Synchronization information: sync sequence and index
	3.3302 ms

(3.3302 ms period)
	5.1009 ms twice within 2 seconds asynchronously outside initialization period
	Capture one sync sequence, and index + parity bits either before or after the sync sequence 
	3.2.6

	(7)
	Synchronization information: sync sequence and index

(no analysis of the type of slot)
	3.3302 ms

(periodicity broken every 30 slots)
	8.4311 ms outside initialization period
	Capture one sync sequence and index + parity bits either before or after the sync sequence 
	3.2.7

	(8)
	MSF1 (FEC encoded)
	28.3070 ms
	28.4111 ms
	Capture MSF1 synchronously (already synchronized by index)
	3.2.8

	(9)
	MSF1+MSF2
	70.7676 ms
	70.8717 ms
	Capture MSF1+MSF2 synchronously (already synchronized by index)
	3.2.9

	(10)
	MSF1+MSF2+MSF3
	98.2421 ms
	98.3462 ms
	Capture MSF1+MSF2+MSF3 synchronously (already synchronized by index)
	3.2.10


Table. 2 – Minimum sensing times

* Capturing 8 consecutive 8-chip PN sequences is for reference herein.

Note that the detection strategy that would consist in detecting non-adjacent parts of the beacon frame, to later reconstruct the whole beacon, was not considered. This strategy could work in some cases, but there is no guarantee on the integrity of the data. One typical case would be when part of the frame is captured from the transmission of a PPD, while another part of the frame is captured from the transmission of an SPD. It could also be possible that the information in the frame be updated from one superframe to the next, due to aggregation of SPD data into the PPD data. 

Figure 6
 describes various sensing time regions together with the corresponding sensing thresholds for the 10 sensing types listed above, according to the receiver sensitivity defined in section 3.1.
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Figure 6.  Summary of sensing thresholds and sensing durations

2.2.1. Sensing Type 1

Energy detection can be performed within the 77 kHz bandwidth of the beacon signal, without possibility of identifying the type of signal detected in case of positive detection.

2.2.2. Sensing Type 2
0.8328 ms is used for capturing 8 consecutive 8-chip PN sequences within initialization period. Since 0.1041ms (1/9.6091=0.1041ms) is used for correlating 8-chip PN sequences, 8×0.1041=0.8328ms is needed for sensing 8 continuous 8-chip PN sequences. For this sensing scenario, only chip sequences from the initialization period are considered.

2.2.3. Sensing Type 3
The 2.8107 ms sensing time is obtained by adding the duration of 8 PN spreading sequences to the maximum time without transmission that could occur within an inter-device communication period, which corresponds to the absence of transmission of RTS sequence surrounded by two turnaround times for a total duration of 19 symbols ((8+19) ×0.1041=2.8107 ms).  
2.2.4. Sensing Type 4
The 5.1 ms sensing time for the sync burst within the beacon device initialization period can be achieved by capturing 5.1 ms of signal, demodulating the DQPSK symbols to obtain hard bit decisions, and then looking for the 15-bit synchronization sequence. Once the position of that sequence has been determined, the receiver looks before or after that sequence, in order to identify the uncoded and parity bits of the index. The index bits and parity bits must be consecutive, whereas the synchronization can be obtained when the synchronization sequence is located before or after the index and parity bits. 

Figure 7 shows both worst cases for the receiver to detect sync burst and index within 5.1ms sensing time.
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(a) one worst case to catch sync field, index field and parity field in 5.1ms sensing time
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(b) the other worst case to catch sync field, index field and parity field in 5.1 ms sensing time
Figure 7.  Worst cases for synchronization within the initialization period

In both Figure 7(a) and Figure 7(b), 46 DQPSK symbols need to be detected after de-spreading for getting the sync burst, the index and parity bits. Additionally, one more symbol shall be received for demodulating differential QPSK symbols. Therefore, at least 47 DQPSK symbols shall be received within the sensing window. The filters with roll-off factor shall be taken into further consideration for getting the whole 47 DQPSK symbols. In total, a sensing window with 49 symbols should be properly designed for receiving 47 DQPSK symbols for safety, which is equal to 5.099ms (49/9.6091=5.099ms). 
In both worst cases shown in Figure 7(a) and Figure 7(b), after DQPSK demodulation, hard decision bits shall be synchronized with the 15-bit synchronization sequence to detect one sync burst successfully. For the first worst scenario in Figure 7(a), the sync field is first detected in slot k-1, then the index field and parity field in slot k will be detected after synchronization. Therefore, index k should be decoded without errors while k-1 will be presented as current index number. For the second worst scenario in Figure 7(b), the sync field is detected firstly in slot k-1, then the index field and parity field will be detected in the same slot after synchronization. Therefore, index k-1 should be decoded without errors and thus k-1 will be regarded as the current index number.
For cases other than the two worst cased described above, after synchronization with the 15-bit synchronization sequence, the position of the 15-bit sync field in 5.1ms sensing window will be decided before decoding the index field and parity field, so that the current index number will be the one generated.

2.2.5. Sensing Type 5
Synchronization information is obtained by decoding the index, or by obtaining non-ambiguous information about the type of slots contained in the signal captured during the sensing period. A cognitive radio could easily conclude that an inter-device communication period has been sensed rather than a sync burst slot, due to the structure of the inter-device communication period, which contains periods of signal and periods of silence of precise durations. In this case, there can be no doubt that the last slot of a superframe is contained within the sensed signal, and therefore the WRAN can acquire synchronization information as if it had decoded the index in a regular sync burst slot. The assumption in the notations of Figure 5 is that the index retained by the receiver corresponds to the most recent slot present in the sensed signal. With this additional cognition, the WRAN only needs 5.1 ms of quiet sensing time to obtain the synchronization information, whether the captured signal contains a sync burst or whether an inter-device communication period falls within the captured signal. A simple comparator with threshold detection is sufficient for this additional cognition. 
According to Figure 5, the slot type will be decided after one 49-symbol DQPSK sequence is acquired by PN spreading sequence detection. Because of the special character with inter-device communication period (slot 0), the 49-symbol sequence will show obvious difference from other normal slots (slot 1to slot 30). From the inter-device communication period structure, it can be seen that the whole slot 0 is separated into five parts: 5 symbols of turnaround time 1, 8 symbols of RTS, 6 symbols of turnaround time 2, 8 symbols of ANP and 5 symbols of turnaround time 3. If there is a whole or partial inter-device communication period involved in the 49-symbol DQPSK sequence, at least one silence symbol shall be detected within the sequence. 
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Figure 8  Data and silence periods in TG1 slots (DP: data period; SP: silence period).

Figure 8 displays an example of a map of a detected DQPSK sequence for both a normal slot 1 to 20 and a special inter-device communication period (slot 0). In the DQPSK sequence obtained after detection with the PN spreading sequence, if a continuous data period with length larger than 32 symbols is observed, the slot type for the corresponding sensing window will be a normal slot; otherwise the slot type for the sensing window will be the special inter-device communication period. In this case, the 49-symbol DQPSK sequence might include continuous data period (DP) with length shorter than 32 symbols and at least one silence period (SP). 
In the following paragraphs, we list all the possibilities that exist with inter-device communication period (slot 0) involved in the 5.1009ms sensing window.
1) Partial or whole inter-device communication period (slot 0) of superframe N at the end of sensing window 

In this case, the length of a continuous series of DP symbols is smaller than 32, thus a partial or whole inter-device communication period (slot 0) will be present at the end of the 49-symbol sequence. Figure 9 shows an example of this scenario.
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Figure 9  Example of data period and silence period distribution with slot 0 at the end of the sensing window
The 49-symbol DQPSK sequence starts from the third symbol of Slot 1 in beacon superframe N and ends by Turnaround Time 2 in Superframe N. After detection by the PN spreading sequence, if the WRAN receiver gets a 49-symbol sequence with 30-symbol continuous DP followed by a 5-symbol SP, 8-symbol DP and another 6-symbol SP, timing analysis will decide that the present sensing window ends at the 19th symbol of Slot 0 in Superframe N. Therefore, the timing analysis will know that the next superframe will begin after receiving another 13 symbols (8-symbol DP and 5-symbol Turnaround time 3).
2) Partial or whole inter-device communication period (slot 0) of superframe N at the beginning of the sensing window

In this case, the length of the continuous DP symbols is also smaller than 32, thus a partial or whole inter-device communication period (slot 0) will be present at the beginning of the 49-symbol sequence. 
Figure 10
 shows an example of this scenario.
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Figure 10.  Example of data period and silence period distribution with slot 0 at the beginning of sensing window
The 49-symbol DQPSK sequence starts from the third symbol of the RTS period in beacon superframe N and ends by the 3rd symbol of Parity field in slot 30 of Superframe N+1. After detection by the PN spreading sequence, if the WRAN receiver gets a 49-symbol sequence with a 5-symbol continuous DP followed by a 6-symbol SP, 8-symbol DP, another 5-symbol SP and 25-symbol continuous DP, timing analysis will decide that the present sensing window ends at the 25th symbol of Slot 30 in Superframe N+1. Therefore, the timing analysis will know that slot 29 of superframe N+1 will begin after receiving another 7 symbols (5 symbols in parity field and 2 symbols in reserved field will be included). 
3) Whole inter-device communication period (slot 0) in the middle of the sensing window

In this case, a whole inter-device communication period (slot 0) will be present in the middle of the 49-symbol DQPSK sequence with several symbols of DP from slot 1 of Superframe N and slot 30 of Superframe N+1 at both the end and the beginning. 
Figure 11
 shows an example of this scenario.
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Figure 11.  Example of data period and silence period distribution with slot 0 in the middle of the sensing window
The 49-symbol DQPSK sequence starts from the 1st symbol of the parity field in slot 1 of the beacon superframe N and ends by the 7th symbol of the Sync field in slot 30 of superframe N+1. After detection by the PN spreading sequence, if the WRAN receiver gets a 49-symbol sequence with a 10-symbol continuous DP followed by a 5-symbol SP, 8-symbol DP, 6-symbol SP, 8-symbol DP, 5-symbol SP and another 7-symbol continuous DP, timing analysis will decide that the present sensing window ends at the 7th symbol of Slot 30 in Superframe N+1. Therefore, the timing analysis will know that slot 29 of superframe N+1 will begin after receiving another 25 symbols (10 symbols in sync field, 7 symbols in index field, 8 symbols in parity field and 2 symbols in reserved field will be included).
4) No data is transmitted by SPD in RTS period

One special scenario should be reminded here with no data transmitted by the SPD in the RTS period. In this case, a simplified map of the detected DQPSK sequence for the inter-device communication period is redrawn in 
Figure 12
. 
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Figure 12.  Detected DQPSK sequence in inter-device communication period with no data transmission in the RTS period
2.2.6. Sensing Type 6
If the signal in the 5.1 ms sensing window which contains an inter-device communication period can not be recognized by a WRAN receiver that is not equipped with the detection method described in section 3.2.5, then the 5.1  ms sensing window might need to be used twice for capturing the sync burst and index information outside the initialization period.

2.2.7. Sensing Type 7
If the inter-device communication period can not be recognized by the WRAN receiver with the method in section 3.2.5, a longer sensing window of 8.4311 ms will be needed rather than two 5.1 ms sensing windows described in section 3.2.6. In Figure 13, two worst cases are listed to show that 8.4311 ms will be the minimum sensing time for these cases. As is shown in section 3.2.4 and both Figure 7(a) and Figure 7(b), if all continuous slots in sensing windows are captured from normal slots, it will take at least 5.1009 ms for sensing a sync burst and the index number. Since there is a special ICP period between two normal slots, one more slot of duration 3.3302 ms will be needed in the calculation of the minimum sensing time, resulting in 5.1009ms+3.3302ms = 8.4311ms.
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(a) one worst case to catch sync field, index field and parity field in 8.4311 ms sensing time
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(b) the other worst case to catch sync field, index field and parity field in 8.4311 ms sensing time
Figure 13.  Worst cases for synchronization outside the initialization period

2.2.8. Sensing Type 8
MSF1 has a duration of 28.3070 ms, so the minimum sensing time for MSF1 is 28.4111 ms, including an additional DQPSK symbol involved for differential demodulation.

2.2.9. Sensing Type 9
MSF1+MSF2 has a duration of 70.7676ms, so the minimum sensing time for MSF2 is 29.2437 ms, including an additional DQPSK symbol involved for differential demodulation.

2.2.10. Sensing Type 10
MSF1+MSF2+MSF3 has a duration of 98.2421ms, so the minimum sensing time for MSF1+MSF2+MSF3 is 98.3462 ms, including an additional DQPSK symbol involved for differential demodulation.

2.3. Synchronization with the TG1 frame

The WRAN and TG1 frames are not synchronized, even after the WRAN has acquired timing information for the TG1 superframe. The WRAN receiver needs to synchronize to the TG1 frame, but this will not change the timing of the WRAN transmissions. Once the WRAN receiver has determined the start of the next TG1 frame, it needs to wait for a certain amount of time, referred to as latency. 

The TG1 beacon ensures that the required quiet period duration is smaller than one WRAN superframe, so the WRAN does not need to interrupt the superframe preamble in order to schedule a quiet period, but it needs to wait until the desired part of the beacon frame does not interrupt the superframe preamble.

According to the sensing timing parameters defined in Section 3.2, the WRAN would need to capture

· 3.3302ms sync burst within 5.1ms short quiet period

· 29.1396ms MSF1+FEC of MSF1

· 70.7676ms MSF1+FEC of MSF1 + MSF2

· 98.2421ms MSF1+FEC of MSF1 + MSF2+MSF3

After a 5.1ms short quiet period, the WRAN receiver can successfully schedule a quiet period to capture each beacon frame with the minimum sensing duration. Therefore, once the WRAN receiver has determined the start of the next TG1 frame, it needs to wait for a latency T.
Figure 14 shows the scheduling of a quiet period synchronized with the TG1 beacon frame after the WRAN receiver has captured a sync burst and index number. The WRAN superframe length is 160 ms, and the WRAN frame length is 10 ms. At the beginning of each superframe, the first symbol shall be the superframe preamble, followed by a frame preamble symbol. The third symbol shall be the SCH. Therefore, the SCH is taken into account in the analysis so that the beacon can be captured in its entirety without interrupting the SCH. 
In Figure 14, 
· P is the quiet period; 
· S is the WRAN superframe period; 
· H is defined as the length of the beginning of each superframe that can not be interrupted by a quiet period, which at least includes the first three OFDM symbols (2 ms is suggested here to be safe); 
· B is the length of the beacon frame; 
· D is the beacon frame offset, which is defined as the time offset between the beginning of the first beacon frame and the beginning of the current WRAN superframe after sync burst and index capture.
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Figure 14  Scheduling of a quiet period synchronized with the TG1 beacon frame
If D+P < S, the quiet period could be scheduled in the current superframe (it is assumed that B < S, which is the case with the parameters of the WRAN and beacon signals). Otherwise the minimum number of superframes to wait for before scheduling a quiet period of length P is:
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Table 3 gives a list of the typical values for latency with different quiet period durations P. Here, quiet periods of duration 29.1396 ms, 70.7676 ms and 98.2421 ms are considered for detecting MSF1, MSF1+MSF2 and MSF1+MSF2+MSF3 respectively. In the table, H is set as 2 ms. In addition, the maximum number of quiet frames at the end of a superframe is 16 frames (160-2=158ms), which means that the quiet period can be scheduled to start at any time and end at any time within a superframe, except during the H period which includes a superframe pramble, a frame preamble and the SCH.

	Length of required quiet period
	29.1396ms
(MSF1)
	71.600160 ms
(MSF1+MSF2)
	98.2421ms
(MSF1+MSF2+MSF3)

	Mean latency before scheduling a long period
	32 ms
(<1 superframe)
	88 ms
(<1 superframe)
	145 ms
(<1 superframe)

	Max latency before scheduling a long period
	160 ms
(1 superframe,)
	320 ms
(2 superframes)
	320 ms
(2 superframes)


Table 3 Latency with different quiet period values (P)
As long as the quiet period can start and end anywhere within a superframe, the WRAN receiver should be able to detect the MSF1, MSF1+MSF2, or MSF1+MSF2+MSF3, within 2 superframes (including waiting time and detection time without interruption of the SCH).

3. Options for detecting the IEEE 802.22.1 beacon signal

3.1. Decision Options

The flow chart below decribes the complete path and options for detecting the various states of the TG-1 beacon signal Figure 15 shows the decision flowchart during a short sensing period. Figure 16 shows the decision flowchart after synchronization with the TG1 beacon frame
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Figure 15.  Decision flowchart during a short sensing period
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Figure 16.   Decision flowchart after synchronization with the TG1 beacon frame
3.2. Tradeoffs

The various sensitivity thresholds indicated in section 3.1 and depicted in 
Figure 6
 can be improved upon if more sensing time can be afforded.  For example, doubling the number of sensing periods in case longer intergration time can be used may improve the sensing threshold be 3 dB.  Thi is especially true for the basic energy detection that is illustrated by on of the dotted lines depicted in 
Figure 6
.  This dotted line has a slope of 10 dB per decade.  In the case of the other dotted line that represents the variation of the sensing threshold for energy detection when correlation is achieved with the spread PN-sequence. The slope is 5 dB per decade which provide as slower increase in sensing threshold for smaller sensing periods than would be afforded by a simple energy detection.

4. Operation scenarios for the coexistence of 802.22.1 and 802.22

4.1. TG1 and WRAN coexistence scenarios

This section summarizes the various coexistence scenarios investigated. 

· The WRAN is operating on TV channel N and a beacon comes up on TV channel N

· The WRAN is operating on TV channel N and a beacon comes up on TV channel N+1 or N-1

· The WRAN is operating on TV channel N and a beacon comes up one of its backup TV channels K
· The WRAN is operating on TV channel N and a beacon comes up on a channel adjacent to the backup TV channel K+1 or K-1

· The WRAN comes up and starts monitoring a TV channel that may have been used by a beacon. The WRAN will need to verify if it isstill being used. The channel availability time will need to be met before the WRAN can move to this channel.

· The WRAN starts sensing a channel that it hasn’t sensed for a long time (e.g. that channel was just added to the list of potential available channels). Sensing will need to take place during the channel availability time before allowing the WRAN to declare this channel available.  Any detection of at least one TG1 beacon will result in the channel not being available at that time.

· A beacon comes up when the WRAN has finished its channel monitoring time. A refresh period of 2 seconds applies.

· During a CPE power up initialization sequence, the CPE will need to use a number of quiet periods to clear the channel that it is to use (N), its adjacent channels (N+1 and N-1) and each of its backup channels (K, K+1 and K-1), in each case clearing the channel during the entire channel availability time.
The list of relevant scenarios will likely be augmented with more thorough analysis. Section 9 of the main standard on the Spectrum Manager is to cover all these possible scenarios.

4.2. Sensing and detection strategies

The description of the different sensing scenarios for the TG1 beacon and the resulting strategies for WRAN systems to avoid interference into wireless microphone operation is contained in section 9 of the main standard.
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Abstract


This Annex summarizes the essential features of the TG1 beacon signal and protocols. It also clarifies the different possible implementation options that offer trade-offs in sensing time, sensing complexity, WRAN QoS support, etc. The Annex should not be considered a replacement to the normative text in the IEEE802.22.1 standard.
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