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1. Reference
[1]
Motorola “Part 22.1: Enhanced Protection for Low Power Licensed devices Operating in TV Broadcast Bands”.

2. Introduction
The Motorola proposed MAC and PHY specification for the IEEE 802.22.1 standard for protection of low power licensed devices operating in the TV spectrum. 
3. RTS Collision and its solution

3.1 Problem and Reason
3.1.1 Background


[image: image1]
Figure 1 Receive period structure
An SPD may interrupt the PPD in order to transmit its own beacon frame.
If, in response to the RTS burst, the SPD receives an ACK from the PPD during the ANP, the SPD shall transmit its beacon frame in place of the normally-transmitted beacon frame of the PPD during the following superframe. If the SPD received a NACK during the ANP, it shall not transmit a beacon frame.
One situation that may cause the SPD to receive a NACK during the ANP is if two or more SPDs transmitted RTS bursts in the receive period of the same superframe and those RTS bursts collided. In this case, one option for the next higher layer is to use a random backoff time before requesting to send another RTS burst.  This is unlikely due to the direct sequence capture effect.  Never the less, one option for the next higher layer is to use a random backoff time.
If the PPD detects an RTS burst from an SPD, the PPD shall transmit an ACK during the ANP.  The PPD shall continue the transmission of synchronization bursts in the following superframe; however, the PPD shall not send a beacon frame.  Instead, it shall enable its receiver for a period of one slot. 
Immediately following the beacon reception (and following the one-slot period, if a beacon is not detected), the receiver shall remain enabled through the receive period, where the PPD again monitors for an RTS burst.  The following ANP shall then be transmitted accordingly.  
Any response from the PPD generated by the beacon of the interrupting SPD may be placed in the next beacon frame transmitted by the PPD.  The PPD may, at the discretion of the next higher layer, aggregate the data received by an SPD(s) with its own data. This could include combining the channels protected by the SPD with those protected by the PPD and transmitting this combined list in the Subchannel Map field of the PPD’s beacon frame. 
If the PPD does not detect an RTS burst during its receive period, it shall transmit a NACK during the ANP, and continue superframe transmissions without interruption.  
3.1.2 Analysis
Communication
Just as we see from upper text, in the RTS burst, SPDs send RTS in order to transmit its own beacon frame. One situation that may cause the SPD to receive a NACK during the ANP is if two or more SPDs transmitted RTS bursts in the receive period of the same superframe and those RTS bursts collided. Because each bit shall be mapped into an 8-chip PN sequence as specified in Figure 3. PPD could not distinguish different SPDs effectively when the collision happened (Problem 1). Because as following RTS code shows , RTS code  only has  one  fixed value sequence, if two or more SPDs send RTS bursts in the receive period of the same superframe, PPD could not distinguish them effectively.  

[image: image2]
Figure 2Format of the RTS codeword field
	Input Bits
	Chip Values

(c0, c1, c2, …, c7)

	0
	0 0 0 1 1 0 1 1

	1
	1 1 1 0 0 1 0 0


Figure 3Bit-to-chip mapping (DSSS spreading)

And when the collision happened, the way of resolving this status is that the next higher layer is to use a random backoff time before requesting to send another RTS burst.  This is unlikely due to the direct sequence capture effect.  Never the less, one option for the next higher layer is to use a random backoff time. Of course, this causes a waste of the superframe and may be more interference to protected devices (Problem 2).
Because RTS is sent from SPD to PPD and RTS’s format is show in Figure 2. From Figure 2 we can find that RTS has a fixed value to show SPD’s request, so what we need to do is use RTS.

Using PNs character for reference, we construct an orthogonal circular collection of RTS. If the element number of RTS collection is n and the element number of PNs collection is m, then the probability that PPD can’t distinguish two different SPDs is 1/(n*m) when the collision happens. Before a SPD sends RTS burst, it should select a RTS code from the orthogonal  circular RTS collection. When the receiver receives the RTS, it decodes the RTS and distinguishes different SPDs by PN and RTS’.

The ANP burst is used by the PPD to indicate whether or not it has received a request to transmit (i.e., an RTS burst) from an SPD in the receive period immediately preceding the ANP.  If it has received a request, the PPD shall transmit an ACK.  Note that the received request must be error-free in order to transmit an ACK. Otherwise, it shall transmit a NACK.

The ACK and NACK transmissions shall be formatted as illustrated in Figure 4.


[image: image3]
Figure 4Format of the ANP burst

So, in order to use next superframe, we need send a message to indicate which SPD will send beacon burst next superframe. Change the ACK/NACK format is needed. 
4. Our proposal
4.1 Superframe format

[image: image4]
Figure 5   Superframe format
IEEE Std. 802.22.1/D1 employs the superframe structure shown in Figure5 . Note that the superframe structure is defined from the perspective of the PPD.
The superframe structure consists of a plurality of synchronization bursts, followed by a beacon frame.  Under control of an upper layer, a receive period, and an acknowledgement/non-acknowledgement period (ANP) may also be included.  This format repeats without interruption while the protecting device is in operation.  
The synchronization bursts, each of which consists of a synchronization word followed by a decrementing index value, enable a receiver asynchronously sampling the beacon channel to quickly determine when the beacon will be sent.  The beacon includes a synchronization header, which consists of the same synchronization word used in the synchronization bursts and an index value of zero. The beacon contains information relevant to the device protected by the protecting device, including its physical location and estimated duration of channel occupancy. 
 Following the beacon, there is an optional receive period, during which the PPD pauses to monitor the channel for an RTS burst transmitted by a SPD.  Finally, there is an optional ACK/NACK period (ANP), reflecting whether or not an RTS burst was detected. During the initial transmission period, no receive period or ANP will follow.
4.2 Receive Period and RTS burst

This clause specifies the format of the receive period and RTS (Request to Send) burst.

For convenience, the RTS burst structure is presented so that the leftmost field as written in this standard shall be transmitted or received first. All multiple octet fields shall be transmitted or received least significant octet first and each octet shall be transmitted or received least significant bit (LSB) first. 

The RTS burst is used by an SPD to indicate that it wishes to transmit to the PPD.  Each RTS burst consists of the following basic components:

— A synchronization header (SHR), which allows a receiving device to synchronize and lock onto the bit stream.

— An RTS codeword field.

The RTS burst structure shall be formatted as illustrated in Figure 9.


[image: image5]
Figure 6 Format of the RTS burst

The synchronization header is four bits long and shall be set to 0x0.

The RTS codeword field is 12 bits long and is designed for low cross-correlation with the synchronization burst sequence.  It shall have a random value shown in Figure 7.
	Index
	RTS code Values

	
	Bits:0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	1
	0
	1
	0
	0
	1
	0
	1
	1
	1
	0
	0
	0

	2
	0
	1
	0
	1
	1
	1
	0
	0
	0
	0
	1
	0

	3
	1
	1
	1
	0
	0
	0
	0
	1
	0
	0
	1
	0

	4
	0
	0
	0
	0
	1
	0
	0
	1
	0
	1
	1
	1


Figure 7 Format of the RTS codeword field
The RTS is transmitted within the receive period immediately following the beacon frame. The receive period is 20 bits in duration, corresponding to the first 20 bits of the slot immediately following the beacon frame.  The order of bits within the receive period is as follows: 2 bits of turnaround time, 16 bits for the RTS, 2 bits of turnaround time. The remaining 4 bits of this slot are used for the ANP burst, bringing the total slot length to 24 bits. Figure8 illustrates the receive period structure.

[image: image6]
Figure 8  Receive period structure.
4.3 PHY specifications
4.3.1 Modulation and spreading
The IEEE P802.22.1/D1 PHY shall employ direct sequence spread spectrum (DSSS) with binary phase-shift

keying (BPSK) used for chip modulation. Data bits are differentially encoded prior to spreading.
4.3.2 Reference modulator diagram

[image: image7]
Figure 9 Modulation and spreading functions
The functional block diagram in Figure 9 is provided as a reference for specifying the PHY modulation and spreading functions. The number in each block refers to a subclause that describes that function. Each bit in the synchronization burst and beacon PPDU shall be processed through the differential encoding, bit-to-chip mapping and modulation functions in octet-wise order. Within each octet, the LSB, b0, is processed first and the MSB, b7, is processed last.

4.3.3 Differential data encoding
Differential encoding is the modulo-2 addition (exclusive or) of a raw data bit with the previous encoded bit.

This is performed by the transmitter and can be described by Equation (1):






En = Rn (En-1





(1)

Where
Rn is the raw data bit being encoded,

En is the corresponding differentially encoded bit,

En–1 is the previous differentially encoded bit.

For each packet transmitted, R1 is the first raw data bit to be encoded and E0 is assumed to be zero.

Conversely, the decoding process, as performed at the receiver, can be described by Equation (2):






Rn = En (  En-1





(2)

For each packet received, E1 is the first bit to be decoded, and E0 is assumed to be zero.

4.3.4 Bit-to-chip mapping
Each bit shall be mapped into an 8-chip PN sequence. 
Figure10 shows PN sequences generated from Walsh function. Before sending any bit, it shall random select a PN sequence from next PNs .
	Index
	PN Values

	1
	00000000

	2
	01010101

	3
	00110011

	4
	01100110

	5
	00001111

	6
	01011010

	7
	00111100

	8
	01101001


Figure 10 PN Code Sequences
During each symbol period, the least significant chip, c0, is transmitted first, and the most significant chip, c7, is transmitted last.
	Input Bits
	Chip Values

(c0, c1, c2, …, c7)

	0
	0 0 0 1 1 0 1 1

	1
	1 1 1 0 0 1 0 0


Figure 11 Bit-to-chip mapping (DSSS spreading)

4.3.5 SPD Identifier-to-PN and RTS mapping 
If PPD receives several RTSs from SPDs, PPD should select one of them to send data next superframe, and sends corresponding ACK; If PPD doesn’t receive a RTS, then sends NACK. We need construct the SPD Identifier-to-PN and RTS mapping following:

Figure 12    SPD Identifier-to-PN and RTS mapping
	SPD Identifier
	PN Values
	RTS Values

	1
	00000000
	010010111000

	2
	00000000
	010111000010

	3
	00000000
	111000010010

	4
	00000000
	000010010111

	5
	01010101
	010010111000

	6
	01010101
	010111000010

	7
	01010101
	111000010010

	8
	01010101
	000010010111

	9
	00110011
	010010111000

	10
	00110011
	010111000010

	11
	00110011
	111000010010

	12
	00110011
	000010010111

	13
	01100110
	010010111000

	14
	01100110
	010111000010

	15
	01100110
	111000010010

	16
	01100110
	000010010111

	17
	00001111
	010010111000

	18
	00001111
	010111000010

	19
	00001111
	111000010010

	20
	00001111
	000010010111

	21
	01011010
	010010111000

	22
	01011010
	010111000010

	23
	01011010
	111000010010

	24
	01011010
	000010010111

	25
	00111100
	010010111000

	26
	00111100
	010111000010

	27
	00111100
	111000010010

	28
	00111100
	000010010111

	29
	01101001
	010010111000

	30
	01101001
	010111000010

	31
	01101001
	111000010010

	32
	01101001
	000010010111


4.3.6 ANP burst
This clause specifies the format of the ANP (ACK-NACK Period) burst.

For convenience, the ANP burst structure is presented so that the leftmost (least significant) bit as written in this standard shall be transmitted or received first.

The ANP burst is used by the PPD to indicate whether or not it has received a request to transmit (i.e., an RTS burst) from an SPD in the receive period immediately preceding the ANP.  If it has received a request, the PPD shall transmit an ACK including the Identifier of the SPD corresponding to the PN and RTS code in the SPD Identifier-to-PN and RTS mapping.  And if it has received several requests, the PPD shall select one SPD to send beacon in next superframe and transmit an ACK including the Identifier of the SPD corresponding to the PN and RTS code in the SPD Identifier-to-PN and RTS mapping.
Note that the selected request must be error-free in order to transmit an ACK. Otherwise, it shall transmit a NACK. If there is not any request, it shall transmit a NACK.
In order to transmit selected SPD Identifier in ACK, it is needed to change ACK/NACK structure.
The ACK and NACK transmissions shall be formatted as illustrated in Figure 5.
	SPD Identifier
	ACK structure
(Bits: 0,1,2…5)

	1
	000001

	2
	000010

	3
	000011

	4
	000100

	5
	000101

	6
	000110

	7
	000111

	8
	001000

	9
	001001

	10
	001010

	11
	001011

	12
	001100

	13
	001101

	14
	001110

	15
	001111

	16
	010000

	17
	010001

	18
	010010

	19
	010011

	20
	010100

	21
	010101

	22
	010110

	23
	010111

	24
	011000

	25
	011001

	26
	011010

	27
	011011

	28
	011100

	29
	011101

	30
	011110

	31
	011111

	32
	100000


Figure 13 SPD Identifier -ACK mapping
	Bits:0
	1
	2 
	3
	4
	5

	1
	1
	1
	1
	1
	1


Figure 14  NACK structure
4.4 Interrupting the PPD
4.4.1 SPD behavior

An SPD may interrupt the PPD in order to transmit its own beacon frame. To initiate this option, the next higher layer sends an MLME-START-BEACON.request primitive to the MAC sublayer with the Periodic parameter set to FALSE, indicating that only one beacon is to be transmitted.
 Upon receipt of the primitive, the MAC sublayer shall request that the PHY layer transmit an RTS burst including an RTS code random selected from RTS values shown in Figure 7 during the receive period of the superframe by issuing the PLME-INITIATE-RTS-BURST.request primitive instructing the PHY layer to start the transmission. If, in response to the RTS burst, the SPD receives an ACK including the SPD Identifier mapping to RTS code it sent and PN sequence it used in the past receive period from the PPD during the ANP, the SPD shall transmit its beacon frame in place of the normally-transmitted beacon frame of the PPD during the following superframe. Otherwise, it shall not transmit a beacon frame. 
If a SPD does not receive an ACK including the SPD Identifier mapping to RTS code it sent and PN sequence it used in the past receive period or it receives a NACK from the PPD during the ANP, the next higher layer of the SPD is notified of the inability to transmit its beacon via the MLME-START-BEACON.confirm primitive with the Status parameter set to NACK.
If two or more SPDs transmitted RTS bursts in the receive period of the same superframe and those RTS bursts collided. If a SPD does not receive an ACK including the SPD Identifier mapping to RTS code it sent and PN sequence it used in the past receive period, one option for the next higher layer is to use a random backoff time before requesting to send another RTS burst.  This is unlikely due to the direct sequence capture effect.  Never the less, one option for the next higher layer is to use a random backoff time.
4.4.2 PPD behavior

If the PPD detects an RTS burst from an SPD, the PPD shall transmit an ACK including the SPD Identifier mapping to the RTS code the SPD sent and PN sequence the SPD used during the ANP. 
If the PPD detects several RTS bursts from several SPDs, the PPD shall select one of the SPDs to transmit the SPD beacon and transmit an ACK including the SPD Identifier mapping to the RTS code the SPD sent and PN sequence the SPD used during the ANP.  
The PPD shall continue the transmission of synchronization bursts in the following superframe; however, the PPD shall not send a beacon frame.  Instead, it shall enable its receiver for a period of one slot.  If, during this time, the beacon of the SPD is detected, the receiver shall remain on, and the beacon shall be received and passed to the higher layer via the MLME-INCOMING-BEACON.indication primitive.  Immediately following the beacon reception (and following the one-slot period, if a beacon is not detected), the receiver shall remain enabled through the receive period, where the PPD again monitors for an RTS burst.  The following ANP shall then be transmitted accordingly.  
Any response from the PPD generated by the beacon of the selected SPD may be placed in the next beacon frame transmitted by the PPD.  The PPD may, at the discretion of the next higher layer, aggregate the data received by an SPD(s) with its own data. This could include combining the channels protected by the SPD with those protected by the PPD and transmitting this combined list in the Subchannel Map field of the PPD’s beacon frame. 
If the PPD does not detect an RTS burst during its receive period, it shall transmit a NACK during the ANP, and continue superframe transmissions without interruption.
4.4.3 Illustrations
Figure 14 illustrates the scenarios described in the preceding text.
 In (1), the PPD transmits the synchronization bursts and the beacon frame, which includes the beacon synchronization header. The PPD then enables its receiver to listen for RTS bursts from several SPDs. In this case, the PPD does receive one or more RTS bursts, and consequently, the PPD select one of the SPDs to transmit the SPD beacon and transmit an ACK including the SPD Identifier mapping to the RTS code the SPD sent and PN sequence the SPD used. 
In (2), following the transmission of the synchronization bursts by the PPD, the SPD selected by the PPD transmits the beacon frame. The PPD then enables its receiver to listen for RTS bursts from several SPDs. In this case, the PPD does not receive an RTS burst, and consequently, the PPD transmits a NACK. 
In (3), the PPD transmits the synchronization bursts and the beacon frame. The PPD then enables its receiver to listen for RTS bursts from several SPDs. In this case, the PPD does not receive an RTS burst, and consequently, the PPD transmits a NACK. The scenario in (3) repeats until another RTS burst is received, as in (2).

  
[image: image8]
(1)

[image: image9]
(2)


[image: image10]
(3)

Figure 15   SPD interruption of the PPD in order to transmit a beacon frame
5. Simulation
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SPDs Number means the number of SPDs send RTS bursts in the period of Rx in the same superframe, and The Probability that PPD can’t find collision means  the probability that PPD can’t find collision. For example, if 4 SPDs send RTS bursts in the period of Rx in the same superframe, the probability that PPD can’t find collision following the original scheme is almost 60%, while following the improved scheme is only  10%.
From upper figure, we can find that our proposal has a very obvious advantage.
6. Conclusion
This method proposes a method to decrease the probability that the PPD can’t distinguish different SPDs when a collision happens, and as our proposed RTS code structure and PN sequences, the probability that the PPD can’t distinguish two different SPDs is 1/32. And this method utilizes the next superframe even when a collision happens, of course, can protects protected devices more effectively.  Fortunately, it is very simple.
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