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1. INTRODUCTION

In the current draft of TG1 standard [1], an initialization bit is inserted in the PHY header to differentiate between beacon frames in the initialization stage and in the non-initialization stage.
“At the conclusion of the initial monitoring period, if the protecting device determines that there is no PPD already present on the channel (i.e., no beacon frame was detected), the protecting device may, at the discretion of the next higher layer, promote itself to a PPD and begin transmitting ‘continuous’ beacon frames” (7.4.4 page 58) [1] to make other protecting devices easily detect this PPD signal and synchronize to the superframes with the initialization bit set to one. During this period, no SPD does attempt to transmit its beacon frame. 

Two cases for an error in the initialization bit can be considered: the first is that one is interpreted as zero while the second is that zero is interpreted as one for the received initialization bit. However, the key point is that each protectiong device should make sure that it is in the non-initialization stage to be always ready to transmit any RTS codeword.
A couple of comments were suggested to raise a problem on the case that this initialization bit is erroneous [2] – Comments 119 and 316.

So far, two schemes are proposed. One is the scheme by which multiple initialization bits can be assigned in the PHY header rather than only one bit, for example 3 bits, which can be called as ‘3 bit repetition in a frame’ [3]. The other is proposed and summarized in this document below, as Solution 1. With this scheme, multiple bits from consecutive superframes each of which is taken from one of superframes can be checked to judge whether these superframes are for the initialization stage or not. Another additional scheme is introduced in this document as Solution 2 by utilizing reserved bits on synchronization bursts.
2.  TWO PROPOSALS FOR SOLUTIONS FOR ERRONEOUS INITIALIZATION BITS

Solution 1

In San Francisco, initially the author proposed a multi-bit window concept to allow the receiver to make sure that the network is in the initialization or non-initialization stage.

The basic scheme that was proposed in San Francisco and is described in this document is that one multiple-bit window can be shifted one superframe by one superframe. For example, consider a five bit window in this solution as illustrated in Figure 1. Five bits are read for this window at the receiver by reading an initialization bit from each of five consecutive superframes. If once the receiver reads all five '0's in this window, then it recognizes that it is out of the initialization stage and no more activity will be required for this protecting device until it leaves the network. Of course this number can be determined by the group.
The receiver does not need to check this initialization bits whenever it wants to send an RTS codeword. Once it is in the non-initialization stage, it does not need to check this stage again. It means each protecting device needs to do this procedure only once when it enters the network. 
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Figure 1. n-bit sliding window concept.

In this case, a five-bit window is applied.

Basic physics says that ultimately with a relatively easy way the receiver gets 5 consecutive initialization bits correctly with a higher probability for the worst cases we can imagine as anlyzed in the following section. 
Considering one of the worst cases, the probability of successful decoding will be around 0.95 if the bit error rate is 0.01 (for Es/No = 21.5 dB in Figure 2 below). It can easily be known that this bit error rate is pretty high if Figure 2 below which is imported from the document [3] is examined. This rate is for a relatively low Es/No, say 2 dB in this figure. For higher Es/No’s, this rate should be lower and the probability of successful decoding should be higher with only one window examination. It means that the probability of successful decoding is pretty high by adopting this scheme even if the bit error rate is relatively high. With this probability, within at most 1 second (or around 6 windows) the receiver can get the information on what stage it is in with extremely high probability. For the above case of the bit error rate of 0.01 a protecting device can successfully recognize the non-initialization stage with the probability of 0.95 as shown in the above assuming that bits from consecutive frames are much more statistically independent than bits from one frame.

Therefore with this scheme proposed here without having overhead of 3 bit repetition in a frame, recognition of the non-initialization stage with simple and short-period decoding can be achieved.

To compare this scheme with the scheme with 3 bit repetition in a frame, the numbers suggested in the above can be reviewed. Consider the scheme with 3 bit repetition in a frame propsed in [3]. According to Figure 2, the figure imported from doc 22-07-0383 [3], at a fixed Es/No, only the difference of probability of erroneous detection of initialization bits between no repetition and 3 bit repetition is relatively trivial. For example, for Es/No = 2 dB, this probability is 0.26 for no repetition case while this is 0.22 for 3 repetition case. For another example, for Es/No = 21.5 dB, the probability is 0.01 for no repetition case while this is 0.006 for 3 repetition case. It means that using multiple bit repetition in a frame, slight improvement can be achieved while more overhead in the PHY header is needed. This means repetition through consecutive superframes provides better performance than repetition in a frame while it does not need to sacrifice more bits in a frame and to have more overhead.
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Figure 2. Probability of erroneous detection of initialization bits with various numbers of repetitions.
(This figure is imported from the document, 22-07-0383-01-0001-
Proposed-enhancements-to-the-PHR-and-the-initialization-bit [1].)
As a summary, the PHY of each SPD monitors initialization bits of continuous beacon frames for a period of a fixed number of (tentatively 5) superframes and compare them. If these consecutive bits do not have discrepancy in this period, the SPD judges whether it is in the initial transmission period or not. Otherwise, this device observes this number of next superframes by shifting this window by one superframe and repeats the same procedure until there is no discrepancy. This procedure should not be repeated to judge whether there is any error in the initialization bits. It means that after it observes a series of consecutive initialization bits in a fixed number of superframes without discrepancy, an SPD tries to transmit its request to transmit to the PPD. It needs to do that only once when it enters the network for the first time.

Solution 2

Each synchronization burst consists of synch bits (15 bits), index bits (7 bits), parity bits (8 bits), and two reserved bits every four octets as shown in Figure 3.
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Figure 3. Synchronization burst structure and two reserved bits.

In this solution, these two reserved bits can be used to represent a frame as one in the initialization stage as shown in the table below. 
Table 1. Initialization bits in synch burst

	Reserved bits (2 bits)
	Description

	00
	Initialization period

	01
	Non-initialization period (reserved)

	10
	Non-initialization period (reserved)

	11
	Non-initialization period (reserved)


In this scheme, n synch bursts can be examined. For an example to evaluate this scheme, consider n = 5. Then five-burst window concept can be applied as in Solution 1 with unanimous concensus rule.
Therefore for this scheme the initialization bit in the PHY header is not needed and can be saved for future use. This scheme has some advantages as follows:
· Protecting devices can judge whether it is in the initialization stage or not by monitoring any synch burst without having frame synchronization.

· Judgement can be made only decoding synch bursts, not decoding whole frames. It entails simpler implementation and achieves faster recognition of the non-initialization stage.
3.  COMPARISON OF SCHEMES
Considering two schemes introduced in this document and one scheme proposed in [3], comparison results are summerized in the following table.

Each scheme can be summarized as follows for this evaluation.

Scheme 1 (Solution 1 in this document)

Five bits are aggregated from five consecutive frames to form a five-bit window.

This window is shifted by one superframe at a time.
In one window, unanimous decision rule is applied.

A new window is examined by shifting a superframe until unanimous decision is made inside the window. (There can be six windows in one second.)
Scheme 2 (Soluiton 2 in this document)

Five two-bit information are aggregated from five consecutive synch bursts to form a five-two-bit window.

This window is shifted by one synch burst at a time.

In one window, unanimous decision rule is applied.

A new window is examined by shifting a synch burst until unanimous decision is made inside the window. (There can be five windows in 0.04 second.)

Scheme 3 (Proposal from [3])

Three bits from a frame are examined.

Majority rule is applied.

New three bits are examined from another superframe. (There can be five frames in 0.5 second.)
Table 2.  Comparison of three schemes

	Scheme
	Description
	Decision rule
	for BER=0.01

(for Es/No = 21.5 dB)
	for BER=0.26

(for Es/No = 2 dB)

	Scheme 1
	Repetition from consecutive frames (Solution 1)
	unanimous
	Prob. of SD, one window: 0.95 

Prob. of SD, six windows: (1-0.05^6) = 0.99999999

Prob. false alarm: 6*0.01^5 = 0.000006

Expected Detection Time: 0.105 sec after frame synch
	Prob. of SD, one window: (1-0.26)^5 = 0.222

Prob. of SD, six windows: (1-0.778^6) = 0.778

Prob. false alarm: 6*0.26^5 = 0.00713

Expected Detection Time: 0.1795 sec after frame synch

	Scheme 2
	Using reserved bits in synch bursts (Solution 2)
	unanimous
	Prob. of SD, one window: (1- 0.008)^5 = 0.96 

Prob. of SD, five windows: (1-0.04^5) = 0.99999990

Prob. false alarm: 5*0.04^5 =  0.00000005

Expected Detection Time: 0.0417 sec without frame synch
	Prob. of SD, one window: (1-0.24)^5 = 0.2536 

Prob. of SD, five windows: (1-0.7464^5) = 0.7683

Prob. false alarm: 5*0.24^5 = 0.0040

Expected Detection Time: 0.0749 sec without frame synch

	Scheme 3
	Repetition of bits in a frame (Scheme in [3])
	majority
	Prob. of SD, one frame: 0.994

Prob. of SD, six frames: (1-0.006^6) = 0.99999999
Prob. false alarm: 0.006

Expected Detection Time: 0.1006 sec after frame synch
	Prob. of SD, one frame: 0.78

Prob. of SD, six frames: (1-0.22^6) = 0.99988
Prob. false alarm: 0.22
Expected Detection Time: 0.1279 sec after frame synch


Note 1: Prob. of SD means probability of successful decoding.
Note 2: For more information for the above evaluation:
For one bit, merely the BER is applied. (for ex., Prob. of SD, one bit = 0.99 if the BER = 0.99.)

For three bits in a frame, numbers are from Figure 2. (Prob. of SD, three bits = 0.994 if the BER = 0.99.)

For two bits in a synch burst, numbers are interpolated using the above two values. (Prob. of SD, two bits = 0.992 if BER = 0.99.)

Assuming that a superframe has a period of 0.1 sec.

4.  CONCLUSIONS

With Solution 1 proposed in this document, without using extra bits in the PHY header each protecting device can get enough information to judge whether it s in the non-initialization stage or not in a short period - such as with the expected detection time around 0.1 second for lower BERs and less than 0.2 second for BER = 0.26. This detection time is not much increased comparing that for Scheme 3 suggested in [3] as shown in the above table. With this scheme, the number of initialization bits is not increased in a frame for this detection.
With Solution 2 propossed in this document, more robust detection scheme can be achieved without sacrificing bits in the PHY header by utilizing half bit of information of reserved bits in each synchronization burst, if relatively robust detection or high speed detection is required.
The scheme proposed in the document [3] may have higher – probably not allowable – probability of false alarm for higher BERs, that is, for lower Es/No’s. That may be a big problem for the system.
As a conclusion after evaluating these three schemes, the author strongly believes that Solution 2 proposed in this document is the best to meet the technical requirements while there is no overhead in the PHY header.
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Abstract





A problem is suggested for the case that there is an erroneous initialization bit with a couple of comments for the current TG1 draft. In this document two schemes are proposed to solve this problem. The ultimate goal with this initialization bit is to judge whether a protecting deive is in the non-initialization stage or not. To guarantee that it is in this stage, some initialization bits should be utilized. In these two schemes proposed in this document, this feature can be improved by using more information available by combining a few initialization bits or by utilizing reserved bits in synchronization bursts. With simple evaluation, these two schemes provide better performance than another scheme proposed so far in [3].
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