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1. Introduction
In this section, we present the signal model for RTS bursts collisions. 

1.2. DQPSK signal model

As described in [1], two bits are mapped to a DQPSK symbol 
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at time t. This DQPSK symbol depends on the two current bits and on the previous DQPSK symbol 
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. This signal model can be represented by a mapping of the two bits to a QPSK symbol 
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 with Gray mapping, such that 
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, where * represents conjugation. 

The mapping of the bits to the QPSK symbol is shown in Fig. 1 by the blue stars. These blue stars have a phase that represents the phase rotation specified in Table 23 in [1]. A rotation by 45 degrees gives the equivalent constellation represented by the red circles. Using this rotated constellation, the binary symbols 
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 in the alphabet (0,1) can be directly mapped to the in-phase and quadrature components by the relation:
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 for the in-phase and quadrature components, respectively. 
Then 
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, where 
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 are “soft” bits in [-1,+1]. 
Equivalently, 
[image: image12.wmf](

)

(

)

(

)

/4

11

22

j

I

btrealste

p

=+

and 
[image: image13.wmf](

)

(

)

(

)

/4

11

22

j

Q

btimagste

p

=+

.

Or 
[image: image14.wmf](

)

(

)

11

22

II

btzt

=+

and 
[image: image15.wmf](

)

(

)

11

22

QQ

btzt

=+


There expression are used for soft decisions on the bits from the variables 
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1.3. Received signal model without RTS collision

If there is only one RTS burst sent by one SPD, the signal received at the PPD at time t is 
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, where n is the AWGN with variable 
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, and h is the channel fading coefficient. The time index was omitted for the channel fading coefficients, since the symbol rate is much faster than the coherence time of the channel for 802.22.1 beacons. 

The PPD receiver form the decision variable to recover the bits of the SPD RTS burst:
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It can be developed into
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It is straightforward to recognize that 
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 as 
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 and the detection becomes errorless. 

1.4. Received signal model with RTS collision
Let us now assume that there are two RTS burst sent by SPD1 and SPD2 repspectively. 

If the spreading sequences of the two signals are not aligned, then despreading after synchronization with one of the two sequences (most likely the one with the largest SNR) will decrease the power of the other sequence to an even lower level that will make the successful detection of the first sequence very likely. Of course, the probability of successful detection of the first sequence is still lower than if there was no collision. 
Assuming that the spreading sequences are perfectly aligned so that despreading is synchronous for both signals, the signal received at the PPD at time t is:
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The decision variable is 
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Let’s develop that expression below. 
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We can see that as 
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, i.e. at high SNR, this expression converges to
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At this point, we may rotate the decision variable by 45 degrees and extract the real and imaginary parts, and apply the appropriate shifting and scaling to obtain the soft decisions variables on the two bits in 
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Without any special processing, it may be possible to successfully recover the bits of 
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. For the sake of observing the critical cases, let’s assume that 
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We may extract the soft bits 
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However, this doesn’t seem that a good strategy, due to 3 interference terms if the target is to decode either the bits of SPD1 or the bits of SPD2. Note that the PPD has no prior knowledge of the number of possibly colliding SPDs. There could be more than 2. 

First let’s develop the expression of the soft bits a little more. Consider the in-phase component: 
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, where 
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 are random bits in [-1,+1]. 
It is important to note that the phases of 
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 are completely independent of the phase changes of the DQPSK modulation, since SPD1 and SPD2 transmit independent data. 
We can re-order the in-phase and quadrature soft bits of consecutively received symbols to form an estimate of the RTS sequence. Let 
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be the sequences obtained by re-ordering the 
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bits, respectively. 

Now let’s assume that the PPD will try correlation with the length-N RTS sequence with identifier 1, and let’s assume that SPD1 used the RTS sequence with identifier 1, but SPD2 used an RTS sequence with identifier 2. Let’s denote the sequence of bits of the RTS sequence with identifier k as 
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 the same sequence with alphabet 
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Thus we obtain a sequence of bits 
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Since the RTS sequences are orthogonal in the alphabet 
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, we correlate the sequence z with 
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) one by one and take the sum.

We know that 
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.
At this point, we have made no assumption that the RTS sequences are aligned, but only that the DQPSK symbols are aligned (due to the alignment of the spreading sequences). Even with the assumption that the spreading sequences are aligned, which we made earlier, the RTS sequences could be misaligned. 
With perfect alignment of the DQPSK symbols, we get: 

Thus 
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.
The PPD can only make a positive decision the reception of RTS sequence with identifier 1 if the correlation above is close to N. With the cross-interference, which cannot be suppressed by the correlation, it is not possible to guarantee that the PPD can make a positive decision, even in the noiseless case, when the powers received from both beacons are nearly identical. The third and fourth terms could drive the correlation to 0 in a random manner, even though the first term is equal to N. 
In conclusion, with all alignments perfect, the orthogonality of the RTS sequences cannot help to remove the interference due to the collisions of RTS bursts. The only way to cope with a collision is by hoping that the received SNR of the colliding beacons are sufficiently different. 

With no perfect alignment of the DQPSK symbols, the situation is even worse. The minimum misalignment is one DQPSK symbol. Note that with the mapping defined in [1, Table 16], bits 
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 of an RTS sequence are mapped in the same DQPSK symbol. 
With perfect alignment we have the DQPSK sequence 
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Thus with a shift of 1 DQPSK symbol we obtain the DQPSK sequence 
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In fact, we rather obtain 
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 since there should be silence following the RTS burst.

After rearrangement of the bits in the 6 consecutive DQPSK symbols, instead of obtaining the sequence 
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The ordering of the bits is not even conserved with a misalignment of 1 DQPSK symbol. There is no cyclic shift structure in the bits sequence. Thus we cannot even rely on the correlation to drive the interference created by 
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Currently in [1], the mapping of RTS sequence bits is done on Physical I channel first, followed by the Physical Q channel. We propose to use the mapping by DQPSK symbol time first. So the first two bits r0 and r1 will be mapped to the Physical I channel and to the Physical Q channel of the first DQPSK symbol, respectively, and so on. 

To solve the problem of DQPSK symbol misalignment, change the mapping of RTS sequence symbols to DQPSK symbols as follows:
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With this mapping, we would obtain 
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, which is a cyclic shifted version of 
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, so the good cross-correlation properties of the RTS sequences can be exploited. 
Similarly, the mapping of ANP sequence symbols to DQPSK symbols is now done as follows:
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2. Comments on [2]
2.2. Slide 4
The statement is inaccurate. It doesn’t change the proposal, but it is a wrong statement. So we must clarify the true purpose of having multiple RTS sequences. 

If only one RTS sequence was available, such as pre-D1 draft, and several SPDs sent an RTS at the same time, then there would be a collision. Then there are two cases: 

Case 1: the spreading sequences of the colliding SPDs are perfectly aligned

Then the PPD could successfully decode none or one of the RTS bursts. If it decodes none of the RTS bursts, then it sends a NACK. If it decodes one of the RTS bursts, then it could elect to send an ACK or a NACK. In any case, the PPD is unable to detect that there was a collision, so the PPD cannot send a NACK on the basis that it has detected that several SPDs have sent the same RTS, because it is impossible to detect the collision if the bursts are perfectly aligned. 

Case 1: the spreading sequences of the colliding SPDs are not perfectly aligned

The same two cases as above are still valid, but the PPD could also detect the occurrence of a collision, by synchronizing with the mis-aligned spreading sequences. If the PPD detects the occurrence of a collision, and even if it could successfully decode each RTS burst, then it would choose to send a NACK, in order to avoid future collision of SPDs’ beacons. 

Therefore, the true purpose of having multiple RTS sequences is to allow the PPD to send an ACK matched to one of the successfully decoded RTS sequence, so that with high probability only one SPD will be allowed to transmit its beacon frame. So the problem solved really is “SPD beacon frame collision”, rather than “RTS collisions”, because RTS collisions will still occur, but not with a single sequence anymore. 
Moreover, the multiple RTS sequences still do not allow to detect a collision and decode several RTS bursts if they are perfecly aligned. The “orthogonality” of the RTS sequences in the binary domain cannot be exploited to resolve collisions, due to the DQPSK modulation, as show in section XXX of this document. 

2.3. Slide 6 (first bullet)
Talking about the cross-correlations of  binary sequences does not make sense. What is important is the minimum distance between the RTS sequences. If the PPD makes a hard decision on the received RTS sequence of bits, then it will compare that sequence to each valid RTS sequence. If it matches one of the valid RTS sequences exactly, then the PPD will understand that it has detected an Request to Send from an SPD, and it will be able to determine the appropriate identifier. 
Given a valid RTS sequence #1, if one bit error is made, it is important that there is no other valid RTS sequence #2 that can be obtained from sequence #1 by flipping one bit. That is why the minimum distance between the RTS sequences is the valid design criteria. 
As shown in section 1 of this document, even with soft detection of the bits, the orthogonality of the RTS sequences can never guarantee to cancel the interference, since the orthogonality is lost in the non-linear DQPSK demodulation process. 
2.4.  Slide 6 (second and third bullets)
The time misalignment mentioned in the bullet to compare the performance of Hadamard with m-sequences is irrelevant when we consider the current mapping of RTS sequence bits to DQPSK symbols. As shown in section 1 of this document, a time misalignment does not lead to a cyclic shift of the RTS sequences. Thus cross-correlation properties of the RTS sequences is not relevant in the current draft. With the change of mapping proposed in section 1 of this document, the cross-correlation becomes relevant, although there are still some unavoidable cross-interference product terms due to the non-linear DQPSK demodulation process.
2.5.  Slide 12
It is a well-known fact that pattern recognition is a very hard problem. While it is easy to distinguish between John and Joe “by eyes”, a computer program has a lot more difficulties to do so. This is not an engineering argument. 
2.6.  Slide 16
There is no comparison with the case where the 2 RTS sequences are the same. So how can the authors claim that the performance of RTS collisions has been improved? Even if two SPDs use the same RTS sequence at 15 dB SNR and 6 dB CIR, the PPD may be able to detect the RTS burst of the strongest SPD with the same probability as shown on slide 15. This curve is not shown, so our conjecture is as strong as the conjecture of slide 16. It is clear from the analysis in section 1 of this document that at high SNR and high CIR, there will be no collision problem in any case. 
2.7.  Conclusions
It is still true that since the two RTS sequences are different, the PPD will avoid a future collision of SPD beacon frames, which is not possible with only a single RTS sequences. This is the valid conclusion of having multiple RTS sequences, but this is not the conclusion that is given in [2]. According to the analysis in section 1, there must be an error floor at high SNR when more than one SPD is transmitting an RTS burst. This is not shown in [2].
3. Proposed changes to [1]

In Clause 6.5:
Change the mapping of RTS sequence symbols to DQPSK symbols as follows:
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In Clause 6.6:

Similarly, the mapping of ANP sequence symbols to DQPSK symbols is now done as follows:
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Abstract


[We present some comments on P802.22.1-D1 [1] and our view on document [2], and demonstrate that the advantages claimed in [2] are incorrect due to the non-linear property of DQPSK demodulation, and the argument given in [2] are not scientifically sound. 





We propose to correct the mapping of RTS and ANP codewords to DQPSK symbols, to improve some aspect of the detection in the event of collisions, although still not completely solving the problem of RTS burst collisions.]
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