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Optional midamble for OFDMA mode
Yigal Leiba, Soon Young Yoon, Yossi Segal, Itzik Kitroser, Zion Hadad

General

The following document proposes the addition of an optional midamble to the OFDAM mode of IEEE802.16a.
The proposed midamble can enhance channel estimation in broadband channels (e.g. 10MHz and above), where
relying on pilot tones alone may not be sufficient. The midamble is optional in the sense that a BS may
implement it, and a SS may take advantage of its presence, but the SS is required to recognize the presence of
the midamble and react accordingly.

Specific text changes:

[On page 478, line 38 in table 229, delete the line about ‘Compressed MAP_Used’ and insert instead the
following:]

Midambels Used 1 bit 0 — No midambles in downlink
1 — Optional midambles used in
downlink

[On page 477, line 59 in table 229, insert the following:]

8.5.4.3 PMP frame structure with optional midambles

The basic PMP frame structure described in section 8.5.4.2 can be enhanced for use in broadband channels by
use of optional midambles. The midambles are half OFDMA symbol long, and use the same GI as the rest of the
OFDMA symbols. The midamble duration is T,=(Ts-T,)/2 + Tg. The midambles are inserted every third
OFDMA symbol not counting the frame preamble.

| Down link

0 1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 0 1 2 3 4 5

T, ™ TG T RTG

Figure 1: PMP frame structure example with the optional midamble - TDD
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The midambles presence or is indicated in the DL FRAME PREFIX. The preamble is optional in a sense that a
BS may support the optional midambels, and an SS may take advantage of its presence, but an SS shall

recognize the presence of the midamble and interpret the downlink structure accordingly.
[End of text to be inserted]

[On page 538, line 65, insert the following:]

8.5.9.4.4 Pilot modulation for optional midambles

The optional midambles which may be transmitted every three OFDMA symbols in the downlink are half the
length of a regular OFDMA symbol, but include a full CP. Figure 2 shows how the midamble is generated.

Transmitted portion
Half symbol
'l‘ >

Full symbol + CP N

CP )2 D, '

~

Figure 2: Midamble generation in time domain

There are two types of midambles, the first type uses every second sub-carrier and is preferred for FUSC
deployments, and the second type uses every sixth sub-carrier, and is preferred for PUSC deployments.

The midamble preferred for FUSC has one of 97 distinct patterns and the neighboring cells or sectors shall have
different patterns so that the SS can distinguish their cell and sector from others. The midamble is generated
from the following frequency-domain sequence.

V2(-2g, [m]))  k=2m-776,m=01,.---387
P [k]={~20-2q. [mn-1], k=2m-776,m=389390,---,776
0, otherwise

(1.)
¢=012,96,5=012,,7k =-1024,-1023,---,1023.

c is the cell number from the set [0 ~ 96] and s is a Walsh number.
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If P, [k] is IFFT-processed, it results in a pattern repeating itself once in the time-domain. In Eq. (10), V2 is

multiplied so that the midamble has the same average power level as that of the data OFDMA symbols and
9., [m] is defined as follows.

q.s [m] =W, moas @ Plsesmymodroars M =0,1,2,---775 2.

where @ denotes the exclusive-OR operator, w’ € {0,1} is the n-th value of the s-th codeword in the 8-ary

Walsh code set, and p, is the n-th value of the PN sequence generated from the PRBS shown in Figure 3. The
generator polynomial of the PRBS is X' + X° +1.

MSB LSB

Initialization 0 1 0 1 0 1 0 1 0 1 0
Sequence

Dy

g
N
Figure 3: PRBS structure for preamble and pilot symbol generation

The initialization vector of the PRBS for the preamble modulation is [01010101010].

The midamble preferred for PUSC is defined by Table 1.
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73. | 8 2 B T o o e b s o T o ot +++- - - - - 4.20
R it ok R S B R it o I R L S
R e ok o I R R o T e e il S
i oot NI b B o E o E ot R R E R R
R L ok DR L SR T L S I S S S N
L i o i o
-+t

74. | 9 2 R e o e e e R e S R SR S S 4.22
B e o R e Ll i i o
e b I S R R I R kS S S
B i e o e i
R il o I SRR R R R +-
o ikt ik S IR B B S
++++-

75. | 10 2 e i e e e s e E S o i o Su S 4,12
i e e S S R R
------ R R h ah at ot otk i I R S o e i
R R S e o e it o I SRR S
oo Sl B i SR L R i S S S +- +-
B i o i S e e O Mt it o 2l o RIS e R
- 4- -+t

76. | 11 2 B e e S o S 4,12
SR R S R I o i ot SR L N T
R i o R e s il i 4 o SR o
B Rl e o SIS R Rt i R e S e i
e i R S e S S e I Lals ol = S S T R
+o-- - R T S S S i st ko I S SRR 8
- +-+-+

77. | 12 2 B e e e o o e e R R e e e 4.10
SR L i L R R R R i S 8 R R R e R e
R s SR e e o ol = S S SR R b S o
e R i it s B b S S E o R N
B i S e R S i s ST L S B b ok o
i o o e o it st ok I 0 2 B R
-t -

78. | 13 2 B e e e o o e e R R e e e 4.10
R it o S e e e s st B R 0 R 0 R e
R s SR e e o ol = S S SR R b S o
R R it S S B ok R S e R R
B S S e R et 2RI b I B b ok o ok
i o o e o it st ok I 0 2 B R
-t -

79. | 14 2 B T s I o o i e e 4. 06
R i e e S S o o e it oo et I
S R R R S T I S B e
e NI S e e S o i I e s ol R
R o S S A Sk o R o R o o o o o S
e e S el s B b T it o b RIS o S
- -+t
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80.

15

N B N
e T S E e S S o o S S o
T = o S S B i i S S o SR S S
e T ST o SR o M S S SO S S
s e e T DRI T SR o S o SR o S S
R T ot o T e i o
+- ++

.17

81.

16

N
T S i 20 SR U S S S S e L i S
S o e SIS S S o SR o S S S M S S
s S T e T S S S S L S
T = o s I T R o o SR o
e S T S S e e e
+++- +- -

11

82.

17

ettt - - - - T +- +-
R IR S e T i o S S S
T 2 S S e T S S S
D i o SuREp R s T o N
R LT S T s LT o SR R S

s T S o S o S U T ++-

.21

83.

18

ettt - - T T R M +- +-
- - - s i e S i Sk i S i
T S R Rt o s o s SR e

s T o T ++-
- +- -

.21

84.

19

R O S M R B BRI
s i S S L LT S +++- - - -
B i e 1 s S S Sapupp T S
B i St I SUp T SEp Tk o5 - o ST SRR S AU S
T T S S i o L = S
s i i o S R o o S R +- +-
++- +- -

.21

85.

20

e N N Ft+- 4o - F- - - - -
i T SEpep e  EEE S
o LT = S o o S S
T 10 e o L S s
i e E S s i = S o o S
e o R T LR R e
+++

.31

86.

21

S N S N R RS S
S i e o SIS S S S S e L i e
S o R e o R e i o e RIS g o
e T R I e t s o i o i o S e
T = o s I T R o o SR o
s S h T = i S o SR o SR o S o
- +- -

.11
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87. | 22 2 B e T o s o o o oo o o SRR S S R S S 4.17
st o e L s i e S ot 8 o S
T o e e T o o T 0 S o o
R T o e S T o o o eI 5 SR S o
R s o T I 1 T st o 0 S S 2 0 o T S
R i T I e i T e o e O
+- +

88. | 23 2 +- - - - - - N MU 4. 25
------- B R i o o o SIS T o S 8 R S SR T S
i b o5 ok S tommm - - R T o o T R T S S
R i s T T R S e T T T I O
B i T e i o S o S e i o
T e S S i o i e s
-t - - -

89. | 24 2 ++- - - - - - L S B S L e 4. 11
B T o i e e O e s eIt o & S S SR T S S
i +4- - - - - - +4- ++++- - -
T o e s st o e ot S
R ot e T e it o o 2 o1 U0 P R S
------- B i e T s ks I TR SRR S R T S

R S
90. | 25 2 o T I S T 4.05
i o R e T T SR L SRR E e
R e o e e b il s (RIN R o
B s o T e i I I o SR
I o T o S B e e S T ++-
e R e o T o e e S o
- -+
91. | 26 2 B S e e e e o 4. 05
o o R s e T T B L SRR E e
T i s T S e e S T o o
e i S S S R T S e s o TR
I o T o S B e e S T ++-
e e i S e T e S R b
- -+t
92. | 27 2 B S e e e e o 4. 05
e o R e e  m Tl T SIS E SR T
T i s T S e e S T o o
B s o T e i I I o SR
e = I Sl e S ++-
e e i S e T e S R b
- -+
93. [ 28 2 i S -t t- - - - - -+ HE- -+ | 4,16
e s e I R el = o N TR
R e R L S
R sl T e s ol L NI
e ko S R e R
T e o o T S T s s o SR S
++++- - -
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94.

29

N S R N
e S e T e

L o o SN e
T S e T i o T L S o
T SRR S I S LI SN S SR SR
- -ttt - e - bt o - - - - Ft++ttt- ottt - -
++++- - -

.16

95.

30

N S R N
e T S s T e = S SR S

L o o SN e
T S e T i o T L S o
e SRS R e S i T i SRR
- -ttt - e - bt o - - - - Ft++ttt- ottt - -
++++- - -

.16

96.

31

ettt - - - - T +- +-

R IR S e T i o S S S
T 2 S S e T S S S
D i o SuREp R s T o N

R LT S T s LT o SR R S

s T S o S o S U T ++-

-t -

.21

97.

FttoFo- oo O O S

O e SRRV S S T N o R il S

s T = = S S S L = o S

------ T T S o S e S LR LR
s o i

.19

98.

- oo oo R NN

B s o s S e S S
S r L. T A S o e o
e T g T S T o S o S T

s T = = S S S L = o S

------ O T S o S S SR e

.19

99.

- oo oo R NN

B s o I S e S S L S
S r L. T A S o e o
O e SRRV S S T N o R il S

e T S e e T E T o S R o o g

------ O T S o S S SR e
s o i

.19

100.

S S R

o o S B S S I T o SR o -

oenn- e o S e +- +++- -
T T = S e s o o
T e e e b i = S T T S
S i T S S L = pepeppa ++- -
B

.25
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101.| 4 1 B o T o e L e T T o e 4.10
e o o S S O it ot 20 SR E P +4+++- - +- -
O e S = I S B I s ol TSI o T
R s T o e I i s T = oo TR TR
il T 0 T T S S T S S T S S I e e
N o I B i S it T b S S R I R ot
+- ++-

102, 5 2 B e e - e - - - - - +++- - - ++++-++- [ 4.13
R e T o i o e e S S I s o ok ST S
s o o T o s e s sl o o S o T S S
R i el o ot T S S S o o o
R o I e O i e I T e S
it ot ot N R R R Fd+- - - - - - - -
+- - - - - -

103 6 0 B T T o o B = g 4.02
B s = I S R S SR B ok = s T NI S S S
B i o IR e R T I e +4- -
R b o i i o o o 2 ST R e S
e o T e S e it o0 S 5 R 8 R S T S S
B I T o T o T S o ST ST TR +- -
+- -+

104.| 7 1 +++- - - - - - - - - FE e e S o o S SR 4. 33
ek - SR SR R T R
it I & T P S o S R +--ma - +4+++++-
T e i o o o s ot o o5 ot LRI S
O e o = o o S o e e e s o
e S s o 1 5 st s ST T 5 0 R T S T S TR
R T NI S

105] 8 2 e . +- - +H- - - - - - - - - - - - 4.13

R i o o S L S S +- - +-
R i o e s . it I
I e e o e o e
B S N o B e e e e i i S N
-t - -

106. 9 0 i e e e o e i i S e S S 4.02
e R il it R R kS e
B = S R B i R e ++- -
R e o R o I S S e o
B o S R S IRl 5 8 S i o e i ol R
e R e s i e e R +- -
+- -+

107. 10 1 B e T o o o L m o c o S 4,10
s = T Lt S e Tt = ot (R ot R +++- - - -
e o et R e i ot SRR 5
R i i o S e S o I e i RIS S
R e e R R o = ok
R s L e it I F S R S 8 S R
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108, 11 2 B i o o e T Ll ks o i o o o T 4.10
B o = o o S n e = = R o R e
S ik ST N e L = g
L S S s e
e s o e o o o T S e L
N L o e S e  EEEa
+- +4-

109 12 0 B T S S 4.10
B I i S e ++t+- ot - -
S ik ST N e L = g
L S S s e
T o o o o S e i = o R R S S
N L o e S e  EEEa
+- +4-

110 13 1 e 4.12
T i S R e e i ok & e S
T S e a ik o S I o e o +- - +-
s s o i Al o o o S SRR e
e T = o e S S LR T - - bt - -
e s o o SRR R e o ST Cupepep—
++- ++++++

111) 14 2 N 4.19
e e R S ko o R e e
B e o I o ik ST o TR B S I N
e S e T e e el B
S s s s St o NN g e
s ST o Ftt- o - o - - e - -
+- ++

112 15 0 B T T S A 4. 15
e s T I RS = e o = RIS IR T IR
et oo - - - o SRS e i T e e ++- -
e T o e S
B e s T o
I S e B e e T +- -
+-- 4

113] 16 1 ++- - - - - - - O o o e 4.26
s e R R LRt E S o S
T i o 2 S S R S L R S e ok
e T i K R o R +-mm - +---
e R e o e R R e n o S
s T R e = SR e R
+-- -+

114 17 2 LT == v )
S R e e LT s s T g +- -

- - - - e e s AU - - -+
e S S B a T LI i S e s L e

Table 1: Preferred midamble series for PUSC definition
[End of text to be inserted]
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