March 2010 Doc. IEEE 802.15-10-0157-01-4¢
Project: IEEE P802.15 Working Group for Wireless Personal Area Networks (WPANS)

Submission Title: [Analysis and Comments on SFD proposals for 802.15.4¢]

Date Submitted: [Mar. 16, 2010]

Source: [Alina LU Liru, Hiroshi Harada, Ryuhei Funada]

Company [National Institute of Information and Communications Technology (NICT)]

Address [3-4 Hikarino-oka Yokosuka, 239-0847, Japan]

Voice:[+81-46-847-5074]

FAX: [+81-46-847-5440]

E-Mail:[liru@nict.com.sg, harada@nict.go.jp, funada@nict.go.jp]

Re: []

Abstract: [Comments on SFD values for 802.15.4g standard]

Notice: This document has been prepared to assist the IEEE P802.15. It is offered as a basis
for discussion and is not binding on the contributing individual(s) or organization(s). The material
in this document is subject to change in form and content after further study. The contributor(s)
reserve(s) the right to add, amend or withdraw material contained herein.

Release: The contributor acknowledges and accepts that this contribution becomes the property
of IEEE and may be made publicly available by P802.15.

Submission Slide 1 NICT



March 2010 Doc. IEEE 802.15-10-0157-01-4g

SFD Proposals and Status Review

® Four plans of SFDs have been proposed

Plan SFD Value for FEC SFD value for Non-FEC
OxF68D 0x7BC9

B Ox6F4E 0x904E

C Ox21F6 0xC9C2

D 0x632D Ox7AO0E

® Technical evaluation and discussions on proposals have been done,
converged to 2 proposals (“Plan B” and “Plan D”). The correlation properties
for both plans are given in appendix (slides 25 and 26).

® A straw poll of the participants of subgroup has done on the teleconference on 9
March 2010.

* Plan B was supported by 17 people
* Plan D was supported by 3 people
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SFD Proposal in Docs. 15-10-0126-00 and
15-10-0126-01 (1/2)

® Doc. IEEE 15-10-0126-00 (we call Doc.00 in this presentation)
proposed plan D SFD based on Hamming Distance property.
® Doc. IEEE 15-10-0126-01 (we call Doc.01 in this presentation) raised

a FA probability computation method and claimed that it is better
than RMS analysis. An even position detection method is also
suggested.

® In Doc. 00, Hamming distance properties are listed for all the four
plans in five cases:

» Preamble+SFD1 <-> SFD1
» -(Preamble+SFD1) <-> SFD1
» Preamble+SFD2 <-> SFD1
» -(Preamble+SFD2) <-> SFD1
» Preamble+SFD4d <-> SFD1
and vise versa (swapping SFD1 and SFD2).
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SFD Proposal in Docs. 15-10-0126-00
and 15-10-0126-01 (2/2)

o In Doc. 01, even positions Hamming distance are compared for all
the four plans in the same five cases.

Missing parts in doc. 00 and doc. 01:
1. SFD4d Image case is never considered in docs. 00 and 01, i.e.,
-(Pream+SFDA4d) <-> SFD1, or
-(Pream+SFD4d) <-> SFD2
The FA probability computation is not verified in any simulations
MD analysis
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Comments on Plan D Proposal

® The Plan D is proposed by only considering an unique receiving technique
by proposers and optimized only for the receiving technique. The proposal
did not take any general receiving technique into account. We must not
specify any receiving technique to select SFD value because the choice of
receiving technique rests with the implementers.

® The FA computation in Doc. 01 only considers one correlation value. The
data only shows sidepeak 4 is better than sidepeak 6. We also agree with
the point.

® In the SFD image test for “Preamble + SFD4d”, we observe that image case
of plan D also have sidepeak 6 (one 6 in SFD1 and two 6s in SFD2 image
cases, or in Hamming Distance Hg, one H,=5 in SFD1 and two H=5 in SFD2,
see slides 7 and 8)

The even position in image test could miss detect the SFD.
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Comments on Plan D Proposal

® The Plan D is proposed by only considering an unique receiving technique
by proposers and optimized only for the receiving technique. The proposal
did not take any general receiving technique into account. We must not
specify any receiving technique to select SFD value because the choice of
receiving technique rests with the implementers.

® The FA computation in Doc. 01 only considers one correlation value. The
data only shows sidepeak 4 is better than sidepeak 6. We also agree with
the point.

® In the SFD image test for “Preamble + SFD4d”, we observe that image case
of plan D also have sidepeak 6 (one 6 in SFD1 and two 6s in SFD2 i |mage
cases, or in Hamming Distance Hg, one H =5 in SFD1 and two H
see slides 7 and 8)

100% Miss
Detection!

® The even position in image test could miss detect the SFD.
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Plan B Plan D
Prem + SFD4d <-> a, Max Abs SidePk Value is 6, rms = 1.8787 Prem + SFD4d <-> a, Max Abs SidePk Value is 6, rms = 2.1144
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Sidepeak 6 is equivalent to Hamming Distance 5.
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Hamming Distance Comparison
Between Plans Band D

8 8 8 8 8 8 8 8 8 9 7 8 5 9 9 9 9
8 8 8 8 8 8 8 8 8 7 9 8 11 7 7 7 7(Ilmage)

Plan B, SFD1
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Plan B, SFD2
8 8 8 8 8 8 8 8 8 7 9 8 11 7 7 7 7(Image)

8 8 8 8 8 8 8 8 8 7 9 6 9 7 7 117
8 8 8 8 8 8 8 8 8 9 7 10 7 9 9 5 9(Image)

Plan D, SFD1

PlanD,SFD2 10 6 10 6 10 6 10 6 10 7 9 6 7 7 11 9 11
6 10 6 10 6 10 6 10 6 9 7 10 9 9 5 7 5(Image)

Sidepeak 6 is equivalent to Hamming Distance 5.
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Results and Observation

What we have done

® Both Hamming Distance and RMS comparison for
all the four plans and 6 cases including image
SFD4d.

® FA/MD evaluation based on simulations by
employing two kinds of thresholds:

1. Based on correlation value
2. Based on Hamming distance
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Simulation Model based on
Correlation Values

Assumption:

* False alarm occurs on period between the point
where preamble is detected and synchronization
point.

In simulation, the period is set to (24+16 or 8)bits and
(40+16 or 8) bits respectively with two preamble
sizes.

* Image can be identified when correlator output
is less than the negative of the selected

threshold values.

Submission Slide 10 NICT



March 2010 Doc. IEEE 802.15-10-0157-01-4g

MD and FA probabilities of plan D (a=0x632D, b=0x7A0E) on
24-bit preamble+16-bit SFD or 8-bit TG4g SFD

a=632D, b=7AOE a=632D, b=7AOE
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The average RMS value for Plan D SFD1 (0x632D) is 2.0701, for SFD2 (Ox7AOE) is
3.5317. The obtained BER shows that Plan D SFD2 has much worse performance
of about 0.01 error rate.
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MD and FA probabilities of plan B (a=0x6F4E, b=0x904E) on
24-bit preamble+16-bit SFD or 8-bit TG4g SFD
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The average RMS value for Plan B SFD1 (Ox6F4E) is 2.0035, for SFD2 (Ox904E) is
2.1932. Plan B achieves better than plan D
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MD and FA probabilities of plan D (a=0x632D, b=0x7A0E) on
40-bit preamble+16-bit SFD or 8-bit TG4g SFD

a=632D, b=7A0E a=632D, b=7A0E
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Simulations have also been conducted for ‘40-bit preamble+SFD’.

Plan D SFD2 has even worse performance when long preambles are used due
to its worse correlation property with preamble (A series of sidelobes with
values 4 and -4).
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MD and FA probabilities of plan B (a=0x6F4E, b=0x904E) on
40-bit preamble+16-bit SFD or 8-bit TG4g SFD
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Plan B SFD1 and SFD 2 can maintain a good performance even when the
preambles length is increased from 24 bits to 40 bits.
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Prem+a & a
Prem+b <~ a
Prem+sfd4dd < a
-(Prem+a) < a
-(Prem+b) & a
Average RMS

RMS of SidePk Values
T Teanae  Idane  panc_ panD

a=SFD1
1.6833
2.1213
2.1144
1.6833
2.1213
1.9447

a=SFD2
1.0801
2.8577
1.2834
1.0801
2.8577
1.8318

a=SFD1
2.1985
1.8708
1.8787
2.1985
1.8708
2.0035

a=SFD2
2.1985
2.3452
1.8787
2.1985
2.3452
2.1932

a=SFD1
2.0817
2.0000
1.8787
2.0817
2.0000
2.0084

a=SFD2
2.3094
2.6458
2.2752
2.3094
2.6458
2.4371

a=SFD1
2.1602
1.9579
2.1144
2.1602
1.9579
2.0701

a=SFD2

3.4400
3.4641
3.8501
3.4400
3.4641
3.5317

The SFD2 of plan D has the worst side lobes RMS values among all the four

proposals.
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Results and Observation

® Plan B has better detection performance than
plan D based on our simulations

® Especially for longer preamble packets, plan D
has worse false alarm probability than plan B due
to worse correlation property against preamble.
This is one of the prioritized selection criteria of
SFD. (Refer to the last Slide)

® Plan B is better in TG4g frame format that
supports variable length of preamble.
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Simulation Model based on Hamming
Distance

Assumption:

* Threshold is set based on Hamming distance H
(Correlation value =16 — 2*H,)

 False alarm occurs on period between the point

where preamble is detected and synchronization
point.

* Image can be identified when (16 —H,) is less
than the selected thresholds.

Submission Slide 17 NICT



=3dB)

Pm,Pf,(Eb/No

March 2010

Doc. |[EEE 802.15-10-0157-01-4¢g

FA/MD Test based on H,

Plan B, Correlator a

Plan B, Correlator b
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Threshold value is varied from 1 to 7
Threshold=3 is equivalent to correlation value 10.
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FA/MD Test based on H,

Plan D, Correlator a
10° ; 5 0 Plan D, Correlator b
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Threshold value is varied from 1 to 7, Threshold = 3 is equivalent to correlation
value 10. Similar to the case using correlation values as threshold, Plan D SFD2 has
worse performance because of its generally high sidelobe values or high average
RMS values even though the maximum sidepeak of Plan D is as low as 4.

Submission Slide 19 NICT



March 2010 Doc. IEEE 802.15-10-0157-01-4g

FA/MD Test based on H,

“Preamble + SFD4d” and “-(Preamble + SFD4d)”

Plan B, Correlator 15.4d SFD Plan D, Correlator 15.4d SFD
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The obtained results again verify that RMS analysis matches with the FA/MD
simulation results. Plan D SFD2 gives worse FA performance due to the worse
correlation property.
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RMS of Homming Distances
. |PanB___ |PanD

a=SFD1  a=SFD2  a=SFD1 a=SFD2
Prem+a & a 1.0992 1.0992 1.0801 1.72
Prem+b < a 0.9354 1.1726 0.9789 1.7321
Prem+sfd4d < a 0.9393 0.9393 1.0572 1.9251
-(Prem+a) <& a 1.0992 1.0992 1.0801 1.72
-(Prem+b) & a 0.9354 1.1726 0.9789 1.7321
-(Prem+sfd4d) < a 0.9393 0.9393 1.0572 1.9251

The table compares RMS values of (H;-8) for Plans B and D in
all the 6 cases. H, = 8 is the ideal value of Hamming distance as
it corresponds to correlator value 16-2*8=0. In this case, both
normal detection and image detection have the best
performance as no sidelobes at all.
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Comparison of Plans B and D SFD Sequences Performance

T BT S

* Both SFD1 and SFD2 have
good auto- and cross-
correlation to the other
pattern

» Good correlation relative to
preamble

* Good FA/MD performance
for packets with variable
preamble lengths

» Consistent results are
obained in both conventional
correlator and special-design
receiver

* Performance not depends on
receiver

* Only SFD1 gives equivalent
auto- and cross- correlation
values, SFD2 has much worse
correlation results.

* Bad correlation relative to
preamble

* Performance highly
degraded when long preamble
packets are used

e Cannot provide good
performance in normal
correlator

* Performances are
inconsistent when different
receivers are used

* Performance depends on
receiver
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Conclusion

® FA and MD simulation results match the RMS analysis quite well. Plan B
offers better FA/MD performance than plan D. SFD2 in plan D has worse
performance due to the high RMS values and a series of sidelobes with
values 4 and -4 when correlate with preamble even there is no sidepeak
value 6.

® FA computation method in Doc. 15-10-0126-01 only focuses on one
correlation point instead of considering overall side lobe values (all number
of shifts positions).

® Hence, RMS analysis provides a more comprehensive insight to the SFD
performance than the FA computation method in Doc. 15-10-0126-01.

® Plan B is better than plan D.

® The Plan D is proposed by only considering an unique receiving technique by
proposers and optimized only for the receiving technique. The proposal did
not take any general receiving techniques into account. We must not specify
a special receiving technique to select SFD value because the choice of
receiving technique rests with the implementers.
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Appendix
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Correlation Properties of Plan B’s SFDs

Preambleta and a: Max Abs. SidePeak=4, Rms=2.2

Preamble+a and b: Max Abs. SidePeak=4, Rms=2.2
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Correlation Properties of Plan D’s SFDs

Preamble+a and a: Max Abs. SidePeak=4, Rms=2.16 Preamble+a and b: Max Abs. SidePeak=4, Rms=3.44
r r ) r r r )
10 10
0 A A o€ 0 KRB R A Q. S )
0 U Ny O 0 d v Y|y 9 OO o9
0 5 10 15 20 25 0 5 10 15 20 25
—(Preamble+a) and a: Max Abs. SidePeak=4, Rms=2.16 —(Preamhleth) and h- Max Ahs SidePeak=4, Rms=3.44
10 ' ' ' 10 ' ' ' '
0 B B A 09N ol & A AR LA & PR
VO Y O RS RVERY T oA @/%
-10 -10
: L ) L )
0 5 10 15 20 25 0 5 10 15 20 25
Preambletb and a: Max Abs. SidePeak=4, Rms=1.96 Preambleta and b: Max Abs. SidePeak=4, Rms=3.46
10 ' ' ' 10 ' ' ' '
0 a8 B oo ol A AR A R _a A B
9 SOy T oY d I INERVERS o-&f oS
-10 i i i -10 i i
0 5 10 15 20 25 0 5 10 15 20 25
—(Preamble+b) and a: Max Abs. SidePeak=4, Rms=1.96 —(Preamble+a) and b: Max Abs. SidePeak=4, Rms=3.46
10 : : ' 10 : : : '
0 a_b__pe A Pa ol A &_a_ala o8 A
MACARCERTE S ERVARCERY SRaect ISR
-10 i i i -10 i i i i
0 5 10 15 20 25 0 5 10 15 20 25
Preambleta and 4dSFD: Max Abs. SidePeak=6, Rms=2.11 Preambletb and 4dSFD: Max Abs. SidePeak=6, Rms=3.85
10 : : ' 10 : : : '
0 A A _oq o 0 KRB A oq
T Ny R Y NN
-10 i i i -10 i i i i
0 5 10 15 20 25 0 5 10 15 20 25

Submission Slide 26 NICT



March 2010 Doc. IEEE 802.15-10-0157-01-4g

FA/MD Test Results with Long Preambles (8 Octets)

o Plan B, Correlator a, 8 Octets Preamble Plan D, Correlator a, 8 Octets Preamble
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When long preamble packets are used, plan B is 5~10 times better than plan D
by comparing the FA probalbility.
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FA/MD Test Results with Long Preambles (8 Octets)
Preamble+SFD4d

0 Plan B, Correlator 15.4d SFD, 8 octect Preamble 0 Plan D, Correlator 15.4d SFD, 8 octect Preamble
10 10 r
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Plans B and D have comparable FA performance when long preamble
packets are used.
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MD and FA probabilities of “a” sequence of plan B (a=0x6F4E,
b=0x904E) and plan D (a=0x632D, b=0x7A0E) on 40-bit
preamble+16-bit SFD or 8-bit TG4g SFD
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Plan B Plan D

The simulation if based on even position detection method. The obtained
results show that even using the receiving technique in Docs. 15-10-0126-01,
Plan D is not better than Plan B when the case image ‘preamble+SFD4d’ is
taken into consideration.
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MD and FA probabilities of “b” sequence of plans Band D
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Plan B provides good FA/MD performances for both even detection
method and conventional correlator receiver. For plan D, although
even detection not consider the high side lobes(4) in normal case, the
SFD2's image case has a number of side lobes (-4) which still cause
high FA probability.
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SFD Selection Criteria

The criteria for the selection of 2 SFD’s is given in 15-10-0051-01-004g-fsk-sub-group-
resolution-update.pdf

Process to select the SFD values:

1. Will be selected based on the following prioritized criteria:
a. Autocorrelation and cross correlation to the other pattern
b. Good image rejection (low correlation against the image)
c. Correlation relative to the preamble (low side lobes against the preamble)

2. The following prioritized differentiators will be used to select SFD values if multiple solutions are
found with identical performance. Supporting data for item 2a shall be provided by all proposals.

a. The selected code should have good orthogonality against the existing 802.15.4d SFD. (Co-existence with
802.15.4d is imperative)

3. Timeline:

a. Harada-san: proposals provided within one month (no later than 2/22 midnight PST) and exchanged
among subgroup participants. Proposals will be emailed to Harada-san and copied to all members of the
SFD subgroup. Harada-san will send an email to all SFD participants.

b. There will be a conference call the week of 2/22 to review the proposals. Harada-san will schedule the
conference call for 2/25 (we propose using the normal 4g call time)
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