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1 Introduction
To detect and decode 802.22.1 beacons, WRAN requires two sensing windows (short and long) which are greater than 5.1ms and 100+ ms respectively based on current draft. It is desirable to have shorter windows for beacon detection/decoding. 

An alternative beacon structure has been proposed to shorten required windows to 3.3ms and 49.2ms respectively. In this contribution, the text changes to TG1 draft IEEE 802.1-D2 are elaborated in order to employ the proposed beacon structure. Only relevant clauses are included with updates highlighted in blue. 
2 Detailed Changes
5.3 Superframe structure (TG1 draft IEEE 802.1-D2)

This standard employs the superframe structure shown in Figure 2.

The superframe structure consists of a succession of 31 slots. Each slot is comprised of 32 DQPSK symbols, where one symbol has a duration of 1/9609.1 seconds. The superframe structure is comprised of two logical channels continuously transmitted in parallel. The first logical channel is the synchronization channel. The second logical physical channel is the beacon channel. The synchronization channel consists of a succession of synchronization bursts (6.3),. The beacon channel consists of the PPDU, which contains the MAC beacon frame (7.2). Each slot contains one synchronization burst, as well as a fixed number of PPDU bits. Under control of an upper layer, an inter-device communication period (6.5) may also be included. a number of Synchronization bursts (6.3), one PPDU burst containing the MAC beacon frame (7.2), and an optional inter-device communication period (6.5). The superframe is transmitted physically using DQPSK modulated symbols with duration of 1/9609.1 seconds each symbol. A DQPSK signal provides two physical channels transmitted in parallel, in-phase channel and quadrature channel. This format repeats on the TV channel without interruption as long as at least one protecting device is in operation. Note that the synchronization bursts and PPDU may be sent by either a PPD or an SPD. 

The synchronization bursts, each of which consists of a synchronization word followed by and a decrementing index value, enable any receiver asynchronously sampling the beacon tapping the channel to quickly determine when the next beacon will be sent arrive. Parity bits follow the index value and provide error detection and correction on the index value. The synchronization word is transmitted on in-phase channel while the index values followed by parity bits are transmitted on quadrature channel. There are 40 (or 42) synchronization bursts in a superframe in presence (absence) of the optional inter-device communication period.
The PPDU consists largely of the MAC beacon frame (see 5.6 for more detail on the PPDU). 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.

Following thirty synchronization bursts and the PPDU, there is an optional inter-device communication period, composed of a receive period, during which the PPD pauses to monitor the TV channel for a request to send (RTS) burst transmitted by an SPD, and an ANP, during which an ANP burst shall be transmitted reflecting whether an RTS burst was detected. During the initial transmission period, no inter-device communication period will follow. 
If the optional inter-device communication period is to be included, it shall last for 10 seconds. There will be 40 synchronization bursts in a superframe The final index value in the series of synchronization bursts shall be one and the next superframe shall start after the receive period and corresponding ANP (as illustrated in Figure 2 (a)). If the inter-device communication period is not included, the final index value shall be zero and there will be 42 synchronization bursts in a superframe and the last two synchronization bursts 41 and 40 are after the PPDU burst. The next superframe shall start immediately (as illustrated in Figure 2 (b)). While this final synchronization burst with index zero is being transmitted on the synchronization channel, the beacon channel will transmit all zeros. Because an SPD that has just joined the beaconing network shall not attempt to communicate on the channel for 10 seconds, no SPD will interfere with the PPD during its initial transmission period. 

[image: image1]
Figure 2—Superframe format
5.5 Synchronization burst structure (TG1 draft IEEE 802.1-D2)

Figure 5 shows the structure of the synchronization burst sequence, which originates from within the PHY layer of a PPD or an SPD. Each synchronization burst contains a 15-bit synchronization word, a 7-bit index value that decrements with each synchronization burst transmission, an 8-bit parity field for detecting and correcting errors on the index value, and a 2-bit reserved field. The synchronization word shall be transmitted on in-phase channel and Index followed by parity bits shall be transmitted on quadrature channel in parallel simultaneously. The synchronization burst sequence enables fast detection of the PPD or SPD that transmitted the sequence, while the decrementing index value identifies the start time of the next superframe transmission PPDU in multiples of slots synchronization bursts. Each synchronization burst occupies one 32 15 bit long synchronization channel slot of duration 32 15 bits/9609.1 Hz =  3.3301 1.5610 ms.


[image: image2]
Figure 5—Schematic view of synchronization burst
5.6 Beacon frame structure (TG1 draft IEEE 802.1-D2)

Figure 6 shows the structure of the beacon frame, which originates from within the MAC sublayer of either the PPD or an SPD. The beacon frame contains three MAC subframes (MSF). Each MSF is composed of a MAC header (MHR) and a MAC footer (MFR). The MHR in MSF1 contains the three MAC parameter fields, the Source Address field, and the Location field. The MHR in MSF2 contains the Channel/Subchannel Map and Signature fields, while the MHR in MSF3 contains the Certificate field; the Signature and Certificate fields are part of the public-key cryptography security solution (5.7.1). The MFR1, MFR2 and MFR3 each contain a 2-octet CRC. The three MSFs together form the MAC protocol data unit (MPDU), which has the same contents as the unencoded PHY service data unit (PSDU).
The MAC beacon frame is passed to the PHY as the unencoded PSDU (or unencoded PHY payload). The MSF1 in the PHY payload is protected by a half-rate convolutional code (6.7.2.2), and the addition of this code increases the payload length by 17 octets. 
Because the length of a synchronization burst is 4 octets, zero padding is added to the end of the PPDU (i.e., following MSF3) to ensure that its length is a multiple of four. Therefore,  The overall length of the PPDU is 120 118 octets. The PHY payload and zero padding together form the PHY protocol data unit (PPDU) (i.e., the PHY packet).
(Remove appended 2-byte zero padding box in the lower portion of the figure)
Figure 6—Schematic view of the beacon frame and the PHY packet (PPDU)
6.1.4 Receiver sensitivity definitions (TG1 draft IEEE 802.1-D2)
The definitions in Table 2 are referenced by subclauses elsewhere in this standard.
Row “Sensitivity” and Column “Condition”: PSDU length = 120 118 octets.
Table 2—Receiver sensitivity definitions
6.3 Synchronization burst (TG1 draft IEEE 802.1-D2)
A synchronization burst is composed of four three fields: the Sync field, the Index field, and the Parity field, and the Reserved field. The format of the synchronization burst is shown in Figure 8 Figure 5.
(Figure 8 can be removed and refer to Figure 5 in the text)
Figure 8—Format of 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 synchronization burst timing. The Sync field shall have the value shown in Table 18.

(no change)

Table 18—Format of the sync field
The Index field is used to obtain frame synchronization with an incoming beacon PPDU. It contains a numerical value equal to the number of slots synchronization bursts remaining (not including the present slot) before the start of the next Superframe PPDU. The Index field shall be decremented by one each time the data contained within a slot a synchronization burst is transmitted until the index reaches either zero or one, depending on whether the PPDU will be followed by a receive period (6.5.1) and a corresponding acknowledgement/no acknowledgement period (ANP) burst (6.5.2).

If the PPDU will not be followed by a receive period (6.5.1) and a corresponding ANP burst (6.5.2), the final index shall be zero, two more synchronization bursts shall be transmitted with index number 41 and 40 respectively and the next superframe shall start immediately after the two synchronization bursts. If the PPDU is to be followed by a receive period (6.5.1) and an ANP, the final index shall be one, and the next superframe shall start after the receive period and corresponding ANP.

To improve the receive performance of the Index field, a (15, 7) linear block code shall be applied. The Parity field shall be used for both error-correction and error-detection of the index (6.7.2). 

The two bits in the Reserved field shall be set to zero.
6.4 PPDU format (TG1 draft IEEE 802.1-D2)
Each PPDU packet consists of a constant length payload of length 120 118 octets, which carries the MAC sublayer beacon frame. The beacon frame is divided into three MAC subframes (MSF), as shown in Figure 5 of Clause 5, and is passed to the PHY layer for inclusion in the PHY payload. A half-rate convolutional code with puncturing shall be applied by the PHY layer to the first MAC subframe (MSF 1), which includes the three MAC parameter fields, the Source Address field, the Location field, and a 2-octet CRC. The addition of this convolutional code with puncturing increases the PHY payload length by 17 octets, bringing the total length to 118 octets. Then, because the length of a synchronization burst is 4 octets, zero padding shall be added to the end of the PPDU (i.e., following MSF 3) to ensure that its length is a multiple of four. Therefore, the overall length of the PPDU is 120 octets.
For the PPDU packet structure, the multiple octet field shall be transmitted or received least significant octet first and each octet shall be transmitted or received least significant bit (LSB) first.

6.5 Inter-device communication period (TG1 draft IEEE 802.1-D2)
The inter-device communication period is only included in the superframe if the PPD is executing the device initialization procedure (7.4.5). This period consists of the receive period and the ANP. It is 32 30 symbols in duration, corresponding to the slot in the superframe immediately following the thirty forty synchronization bursts and the PPDU. The order of symbols within the inter-device communication period is as follows: 5 4 symbols of turnaround time, 8 symbols for the receive period, 6 5 symbols of turnaround time, 8 symbols for the ANP, and another 5 symbols of turnaround time. Figure 9 illustrates an inter-device communication period during which an RTS burst is sent by an SPD and an ANP burst is sent by the PPD.

(Remove 2 grey symbols before and after RTS each)
Figure 9—Inter-device communication period structure
6.7.1.2 Mapping of logical channels bursts to physical channels (TG1 draft IEEE 802.1-D2)
Data bits either belong to the synchronization bursts logical channel, the PPDU burst beacon logical channel, the RTS burst, or the ANP burst. These bits are parsed between the physical I channel and the physical Q channel, which are used as input for DQPSK encoding (6.7.1.3).

Parsing of the RTS burst bits to the I and Q channels is described in Table 19 and Table 20. Parsing of the ANP burst bits to the I and Q channels is described in Table 19, Table 21, and Table 22.

Bits of the beacon frame belong to the beacon logical channel and PPDU shall first be parsed into consecutive 4-octet one- octet words in the same order as they have been passed from the MAC. Bits of the synchronization burst belong to the synchronization logical channel and are naturally parsed into consecutive 4-octet 15-bit synchronization bursts.

The first 59 bytes bits of the beacon logical channel shall directly be mapped to the bits of the physical Q channel. The bits of the synchronization logical channel shall directly be mapped to the bits of the physical I channel. Both physical channels shall be referenced to a common time reference, meaning that they are simultaneous channels, and as such one bit dI from the I channel and one bit dQ from the Q channel shall be transmitted simultaneously in a single modulation symbol.

Bits of the synchronization bursts are parsed into consecutive 15-bit blocks. Bits belong to synchronization sequences shall be mapped to the physical I channel and bits belong to Index shall be mapped to the physical Q channel.

Bits of the first half of PPDU shall be mapped to the physical I channel and bits belong to the second half of PPDU shall be mapped to the physical Q channel. PPDU bits are transmitted immediately after the synchronization burst with Index 0. 
7.4.1 Superframe structure (TG1 draft IEEE 802.1-D2)
The superframe structure repeats without interruption on a given occupied TV channel. The superframe format is shown in Figure 27 Figure 2.

(Figure 27 is the same as Figure 2 and can be removed)
Figure 27—Superframe format

A large portion of the superframe structure is divided over two logical channels, which are transmitted in parallel. The synchronization logical channel superframe consists of a plurality of synchronization bursts (6.3), and the beacon logical channel consists of the beacon MPDU (7.2). Under control of an upper layer, a receive period (6.5.1), and an acknowledgement/non acknowledgement period (ANP) may optionally be included (6.5.2). This format repeats without interruption while the protecting device is in operation.

The synchronization bursts, which consist of a synchronization word followed by and a decrementing index value, enable a receiver asynchronously sampling the radio channel to quickly determine when the beacon frame will be sent arrive. The beacon frame itself contains information relevant to the device protected by the protecting device, including its physical location and estimated duration of TV channel occupancy. Following the beacon frame, there is an optional inter-device communication period, composed of a receive period, during which the primary protecting device pauses to monitor the TV channel for an RTS burst transmitted by a secondary protecting device, and an ANP, during which an ANP burst shall be transmitted reflecting whether or not an RTS burst was detected.

If the optional inter-device communication period is included, the final index value in the series of synchronization bursts shall be one and the next superframe shall start after the inter-device communication period has ended. If it is not included, the final index value shall be zero and the next superframe shall start immediately after two additional synchronization bursts.

7.4.5 Device initialization procedure (TG1 draft IEEE 802.1-D2)
Upon initialization, a protecting device must search the channel on which it intends to operate for the existence of a PPD. The search procedure may be initiated by the next higher layer of the protecting device via the MLME-SEARCH.request primitive. The selected channel shall be searched for a period of 5 + m superframe periods, where m is an integer selected at random by the next higher layer from the set [0, 1, …, 44, 45]. Any beacon frame received during the search shall be passed to the next higher layer via the MLME-INCOMING-BEACON.indication primitive. A PPD is determined to be present on the channel ifthe protecting device receives at least one beacon frame with the Rank subfield equal to one.

At the conclusion of the search, if the protecting device determines that there is no PPD already present on the TV channel (i.e., no beacon frame was detected), the protecting device may, at the discretion of an upper layer, promote itself to PPD and begin transmitting periodic beacon frames. Beacon frame transmission is initiated by the next higher layer via the MLME-START-BEACON.request primitive with the Periodic parameter set to TRUE, indicating that periodic beacon frames are to be transmitted.

During this initial transmission period, the new PPD shall transmit a continuous series of superframes, which shall not include inter-device communication periods (i.e., receive periods and ANPs), for a period of 10 seconds. Each superframe shall be composed of 31 42 synchronization bursts sent on the synchronization channel. A 120- octet length beacon frame followed by 4 octets of all zeros shall be sent on the beacon channel and the 59-byte long PPDU where 118 bytes transmitted on in-phase channel and quadrature channel simultaneously (7.4.1).

Following the initial transmission period, superframe transmission shall continue; however, the inter-device communication period shall be inserted immediately following the beacon frame. Since the receive period and ANP together have a duration of one slot time two synchronization bursts, the number of synchronization bursts in a superframe following the initial transmission period shall be 30 40.

The superframe shall always have a period equal to (8*124) (15*42+8*59) bits/9609.1 Hz = 103.24 114.68 ms.

At the conclusion of the search, if the protecting device determines that there is a PPD on the TV channel (i.e., a beacon frame was detected), the protecting device may, at the discretion of an upper layer, send its information to the PPD for inclusion in the PPD's beacon frame rather than begin its own superframe transmissions (i.e., opt to become an SPD). This may be accomplished by the protecting device synchronizing to the superframe of the PPD, transmitting an RTS burst during the receive period, receiving an ACK from the PPD, and then transmitting its own beacon frame containing the information it wishes the PPD to include in future beacon frames. Note, however, that the SPD shall wait for a period of 10 seconds before attempting to communicate with the PPD. For more details, see 7.4.6.

Upon initialization, all MIB and PIB attributes are set to their default values. The next higher layer of the protecting device may change the MIB attribute values via the MLME-SET.request primitive. Similarly, the MLME may change the PIB attribute values via the PLME-SET.request primitives.

If a protecting device does opt to become an SPD, the next higher layer should write the address of the PPD into the MIB attribute macPPDAddress via the MLME-SET.request primitive.

7.4.6.4 Illustrations (Figures updated only)

[image: image3]
Figure 29—SPD interruption of the PPD in order to transmit a beacon frame

[image: image4]
Figure 30—An example of the Go-On process
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Abstract


This document contains the proposed changes to the draft of IEEE 802.22.1 with respect to beacon structure.
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