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Proposed Text on Sounding Sequence Section in IEEE 802.16m AWD
KeunChul Hwang, Jing Li, Seungwon Kang, In-seok Hwang, Soon-Young Yoon
Samsung Electronics
1. Introduction
This contribution proposes a new sounding sequence, and includes the proposed text on sounding sequence of the P802.16m AWD [1]. The performance evaluation results of proposed sounding sequence are provided [2].
2. Proposed sounding sequence
Proposed new sounding sequence is composed of short sounding sequence and long covering sequence. The construction of new sounding sequence is shown in Figure.1. The orthogonal property of the short sounding sequence can be used to reduce interferences while the long covering sequence is used to reduce PAPR and extend the number of available sounding sequences.
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Figure 1. Construction of the sounding sequence

The short sounding sequence is constructed in two steps,
1) Construct P base short sequence with length P, the base short sequence is provided in Section
2) Obtain P2 short sequences with cyclic shift from 0 to P-1, shown in Figure 2.
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Figure 2. Construction of short sounding sequence
The new sounding sequence has the following advantages over legacy sounding sequence in 802.16e,

1) Lower PAPR value. 

Figure 3 shows that proposed new sounding sequence provides lower mean PAPR and smaller variance than legacy scheme.

2) Good cross-correlation property.

   Figure. 4 shows that by using either common long covering sequence or cell specific long covering sequence, the proposed new sounding sequence has better cross-correlation property (higher zero correlation) than legacy sequence. Due to the good correlation property of the new sounding sequence, the sounding performance has obvious gain over legacy scheme. System level simulation results are shown in Figure 5.
Table 1 summarizes the main performance gain over legacy scheme. More simulation results are attached in the Appendix.
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Figure 3. PAPR comparison
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a) 16e sequence
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b) Common long covering sequence
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c) Cell specific long covering sequence

Figure 4. Correlation property comparison
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Figure 5. Sounding SINR gain over legacy scheme ( 19 cells, 3 sector/cell, SLS results)

Table 1. Performance comparison between new sequence and legacy sequence
	 
	16e
	Proposed
	Gain

	PAPR
	5dB ~ 7dB
	3dB ~ 7dB
	0dB ~ 4dB

	Probability of zero correlation
	40%
	85%
	45%

	Sounding SINR
	5dB ~ 6dB
	6dB~10dB
	1dB ~ 4dB


3. References
[1] IEEE 802.16m-09/0010r1a, “IEEE 802.16m Amendment Working Document (AWD),” March 2009.
[2] IEEE S802.16m-09/0849, “Evaluation of Proposed Sounding Sequence for IEEE 802.16m Amendment working Document,” May 2009.
4. Proposed Text
[Insert the following proposed text in blue at line 5, page 294 of 802.16m-09_0010r2 (section 15.3.9.2.3.1 Sounding sequence ]
----------------------------------------------------------- Text Start ---------------------------------------------------------------
15.3.9.2.3.1 Sounding sequence
For the cyclic shift separability, the sounding sequence is defined as
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where

k is the subcarrier index ( 0 ( k ( Nused(1),

Nused is the number of usable subcarriers in the sounding symbol,
P is the max cyclic shift index (from the sounding instructions),
n is the assigned cyclic shift index (also from the sounding instructions), which ranges from 0 to P–1,
B is the group of allocated subcarriers/bands according to the sounding instructions,
m is the cell-specific parameter representing index of short sounding sequence (from the sounding 
instructions), and 
(m(x) is the phase of short sounding sequence, which is defined in Tables xx-xx for various P.
The long sounding sequence f(k) is defined as
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where

( is the integer value, which is dependent on P as defined in Table xx,
NG is given by the smallest prime number larger than Nused, which is given in Table xx 
d is the cell common or specific parameter, with which the number of sounding sequence increases. The optimal offset value of d is given in Table xx. 
The total number of available base sounding sequences is Ns=Nd*P, where Nd is the number of optimal d values. Each base sounding sequence can be identified by an index pair {m,Id} (m=0,1…P-1; Id =0,1…Nd-1), where m is the index of short sounding sequence and Id is the index of optimal offset values.
If using cell common long sounding sequence, then the cell-specific parameter m= IDcell mod P, Id =0. If using cell specific long sounding sequence, each cell/sector is assigned with a different base sounding sequence, i.e. m= (IDcell mod Ns) mod P, Id =floor((IDcell mod Ns)/P). One optional strategy for combating inter-cell/sector interference is to assign same base sounding sequence and three different sets of cyclic offsets to the three sectors from the same cell.
Table xx – Phase of sounding short sequence for P = 4 and D = 4
	m             x
	0
	1
	2
	3

	0
	0.0000
	0.2500
	1.0000
	0.2500

	1
	0.0000
	1.2500
	0.0000
	0.2500

	2
	0.0000
	1.2500
	1.0000
	1.2500

	3
	0.0000
	0.2500
	0.0000
	1.2500


Table xx – Phase of sounding short sequence for P = 6 and D = 6
	m           x
	0
	1
	2
	3
	4
	5

	0
	0.0000
	0.5000
	1.3333
	0.5000
	0.0000
	1.8333

	1
	0.0000
	0.8333
	0.0000
	1.5000
	1.3333
	1.5000

	2
	0.0000
	1.1667
	0.6667
	0.5000
	0.6667
	1.1667

	3
	0.0000
	1.5000
	1.3333
	1.5000
	0.0000
	0.8333

	4
	0.0000
	1.8333
	0.0000
	0.5000
	1.3333
	0.5000

	5
	0.0000
	0.1667
	0.6667
	1.5000
	0.6667
	0.1667


Table xx – Phase of sounding short sequence for P = 8 and D = 8
	m    x
	0
	1
	2
	3
	4
	5
	6
	7

	0
	0.0000
	0.1250
	0.5000
	1.1250
	0.0000
	1.1250
	0.5000
	0.1250

	1
	0.0000
	0.6250
	1.0000
	0.1250
	1.0000
	0.6250
	0.0000
	0.1250

	2
	0.0000
	1.1250
	1.5000
	1.1250
	0.0000
	0.1250
	1.5000
	0.1250

	3
	0.0000
	1.6250
	0.0000
	0.1250
	1.0000
	1.6250
	1.0000
	0.1250

	4
	0.0000
	1.1250
	0.5000
	0.1250
	0.0000
	0.1250
	0.5000
	1.1250

	5
	0.0000
	1.6250
	1.0000
	1.1250
	1.0000
	1.6250
	0.0000
	1.1250

	6
	0.0000
	0.1250
	1.5000
	0.1250
	0.0000
	1.1250
	1.5000
	1.1250

	7
	0.0000
	0.6250
	0.0000
	1.1250
	1.0000
	0.6250
	1.0000
	1.1250


Table xx – Phase of sounding short sequence for P = 9 and D = 9
	m    x
	0
	1
	2
	3
	4
	5
	6
	7
	8

	0
	0.0000
	0.2222
	0.6667
	1.3333
	0.2222
	1.3333
	0.6667
	0.2222
	0.0000

	1
	0.0000
	0.8889
	1.3333
	0.0000
	1.5556
	0.6667
	0.0000
	0.2222
	0.0000

	2
	0.0000
	1.5556
	0.0000
	0.6667
	0.8889
	0.0000
	1.3333
	0.2222
	0.0000

	3
	0.0000
	0.8889
	0.0000
	1.3333
	0.8889
	0.6667
	0.6667
	0.8889
	1.3333

	4
	0.0000
	1.5556
	0.6667
	0.0000
	0.2222
	0.0000
	0.0000
	0.8889
	1.3333

	5
	0.0000
	0.2222
	1.3333
	0.6667
	1.5556
	1.3333
	1.3333
	0.8889
	1.3333

	6
	0.0000
	1.5556
	1.3333
	1.3333
	1.5556
	0.0000
	0.6667
	1.5556
	0.6667

	7
	0.0000
	0.2222
	2.0000
	0.0000
	0.8889
	1.3333
	0.0000
	1.5556
	0.6667

	8
	0.0000
	0.8889
	0.6667
	0.6667
	0.2222
	0.6667
	1.3333
	1.5556
	0.6667


Table xx – Phase of sounding short sequence for P = 16 and D = 16
	m  x
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	0
	0.0000
	1.3125
	0.5000
	0.0625
	1.5000
	1.3125
	1.0000
	1.0625
	1.0000
	1.3125
	1.5000
	0.0625
	0.5000
	1.3125
	0.0000
	1.0625

	1
	0.0000
	1.5625
	0.7500
	0.5625
	0.0000
	0.0625
	1.7500
	0.0625
	0.0000
	0.5625
	0.7500
	1.5625
	0.0000
	1.0625
	1.7500
	1.0625

	2
	0.0000
	1.8125
	1.0000
	1.0625
	0.5000
	0.8125
	0.5000
	1.0625
	1.0000
	1.8125
	0.0000
	1.0625
	1.5000
	0.8125
	1.5000
	1.0625

	3
	0.0000
	0.0625
	1.2500
	1.5625
	1.0000
	1.5625
	1.2500
	0.0625
	0.0000
	1.0625
	1.2500
	0.5625
	1.0000
	0.5625
	1.2500
	1.0625

	4
	0.0000
	0.3125
	1.5000
	0.0625
	1.5000
	0.3125
	0.0000
	1.0625
	1.0000
	0.3125
	0.5000
	0.0625
	0.5000
	0.3125
	1.0000
	1.0625

	5
	0.0000
	0.5625
	1.7500
	0.5625
	0.0000
	1.0625
	0.7500
	0.0625
	0.0000
	1.5625
	1.7500
	1.5625
	0.0000
	0.0625
	0.7500
	1.0625

	6
	0.0000
	0.8125
	0.0000
	1.0625
	0.5000
	1.8125
	1.5000
	1.0625
	1.0000
	0.8125
	1.0000
	1.0625
	1.5000
	1.8125
	0.5000
	1.0625

	7
	0.0000
	1.0625
	0.2500
	1.5625
	1.0000
	0.5625
	0.2500
	0.0625
	0.0000
	0.0625
	0.2500
	0.5625
	1.0000
	1.5625
	0.2500
	1.0625

	8
	0.0000
	0.3125
	0.5000
	1.0625
	1.5000
	0.3125
	1.0000
	0.0625
	1.0000
	0.3125
	1.5000
	1.0625
	0.5000
	0.3125
	0.0000
	0.0625

	9
	0.0000
	0.5625
	0.7500
	1.5625
	0.0000
	1.0625
	1.7500
	1.0625
	0.0000
	1.5625
	0.7500
	0.5625
	0.0000
	0.0625
	1.7500
	0.0625

	10
	0.0000
	0.8125
	1.0000
	0.0625
	0.5000
	1.8125
	0.5000
	0.0625
	1.0000
	0.8125
	0.0000
	0.0625
	1.5000
	1.8125
	1.5000
	0.0625

	11
	0.0000
	1.0625
	1.2500
	0.5625
	1.0000
	0.5625
	1.2500
	1.0625
	0.0000
	0.0625
	1.2500
	1.5625
	1.0000
	1.5625
	1.2500
	0.0625

	12
	0.0000
	1.3125
	1.5000
	1.0625
	1.5000
	1.3125
	0.0000
	0.0625
	1.0000
	1.3125
	0.5000
	1.0625
	0.5000
	1.3125
	1.0000
	0.0625

	13
	0.0000
	1.5625
	1.7500
	1.5625
	0.0000
	0.0625
	0.7500
	1.0625
	0.0000
	0.5625
	1.7500
	0.5625
	0.0000
	1.0625
	0.7500
	0.0625

	14
	0.0000
	1.8125
	0.0000
	0.0625
	0.5000
	0.8125
	1.5000
	0.0625
	1.0000
	1.8125
	1.0000
	0.0625
	1.5000
	0.8125
	0.5000
	0.0625

	15
	0.0000
	0.0625
	0.2500
	0.5625
	1.0000
	1.5625
	0.2500
	1.0625
	0.0000
	1.0625
	0.2500
	1.5625
	1.0000
	0.5625
	0.2500
	0.0625


Table xx – Phase of sounding short sequence for P = 18 and D = 18
	m  x
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17

	0
	0.0000
	0.0556
	0.2222
	0.5000
	0.8889
	1.3889
	0.0000
	0.7222
	1.5556
	0.5000
	1.5556
	0.7222
	0.0000
	1.3889
	0.8889
	0.5000
	0.2222
	0.0556

	1
	0.0000
	0.3889
	0.5556
	0.8333
	1.5556
	0.0556
	0.6667
	1.7222
	0.5556
	1.5000
	0.8889
	0.0556
	1.3333
	1.0556
	0.5556
	0.1667
	0.2222
	0.0556

	2
	0.0000
	0.7222
	0.8889
	1.1667
	0.2222
	0.7222
	1.3333
	0.7222
	1.5556
	0.5000
	0.2222
	1.3889
	0.6667
	0.7222
	0.2222
	1.8333
	0.2222
	0.0556

	3
	0.0000
	1.0556
	1.2222
	1.5000
	0.8889
	1.3889
	0.0000
	1.7222
	0.5556
	1.5000
	1.5556
	0.7222
	0.0000
	0.3889
	1.8889
	1.5000
	0.2222
	0.0556

	4
	0.0000
	1.3889
	1.5556
	1.8333
	1.5556
	0.0556
	0.6667
	0.7222
	1.5556
	0.5000
	0.8889
	0.0556
	1.3333
	0.0556
	1.5556
	1.1667
	0.2222
	0.0556

	5
	0.0000
	1.7222
	1.8889
	0.1667
	0.2222
	0.7222
	1.3333
	1.7222
	0.5556
	1.5000
	0.2222
	1.3889
	0.6667
	1.7222
	1.2222
	0.8333
	0.2222
	0.0556

	6
	0.0000
	0.7222
	1.5556
	0.5000
	1.5556
	0.7222
	0.0000
	1.3889
	0.8889
	0.5000
	0.2222
	0.0556
	0.0000
	0.0556
	0.2222
	0.5000
	0.8889
	1.3889

	7
	0.0000
	1.0556
	1.8889
	0.8333
	0.2222
	1.3889
	0.6667
	0.3889
	1.8889
	1.5000
	1.5556
	1.3889
	1.3333
	1.7222
	1.8889
	0.1667
	0.8889
	1.3889

	8
	0.0000
	1.3889
	0.2222
	1.1667
	0.8889
	0.0556
	1.3333
	1.3889
	0.8889
	0.5000
	0.8889
	0.7222
	0.6667
	1.3889
	1.5556
	1.8333
	0.8889
	1.3889

	9
	0.0000
	1.7222
	0.5556
	1.5000
	1.5556
	0.7222
	0.0000
	0.3889
	1.8889
	1.5000
	0.2222
	0.0556
	0.0000
	1.0556
	1.2222
	1.5000
	0.8889
	1.3889

	10
	0.0000
	0.0556
	0.8889
	1.8333
	0.2222
	1.3889
	0.6667
	1.3889
	0.8889
	0.5000
	1.5556
	1.3889
	1.3333
	0.7222
	0.8889
	1.1667
	0.8889
	1.3889

	11
	0.0000
	0.3889
	1.2222
	0.1667
	0.8889
	0.0556
	1.3333
	0.3889
	1.8889
	1.5000
	0.8889
	0.7222
	0.6667
	0.3889
	0.5556
	0.8333
	0.8889
	1.3889

	12
	0.0000
	1.3889
	0.8889
	0.5000
	0.2222
	0.0556
	0.0000
	0.0556
	0.2222
	0.5000
	0.8889
	1.3889
	0.0000
	0.7222
	1.5556
	0.5000
	1.5556
	0.7222

	13
	0.0000
	1.7222
	1.2222
	0.8333
	0.8889
	0.7222
	0.6667
	1.0556
	1.2222
	1.5000
	0.2222
	0.7222
	1.3333
	0.3889
	1.2222
	0.1667
	1.5556
	0.7222

	14
	0.0000
	0.0556
	1.5556
	1.1667
	1.5556
	1.3889
	1.3333
	0.0556
	0.2222
	0.5000
	1.5556
	0.0556
	0.6667
	0.0556
	0.8889
	1.8333
	1.5556
	0.7222

	15
	0.0000
	0.3889
	1.8889
	1.5000
	0.2222
	0.0556
	0.0000
	1.0556
	1.2222
	1.5000
	0.8889
	1.3889
	0.0000
	1.7222
	0.5556
	1.5000
	1.5556
	0.7222

	16
	0.0000
	0.7222
	0.2222
	1.8333
	0.8889
	0.7222
	0.6667
	0.0556
	0.2222
	0.5000
	0.2222
	0.7222
	1.3333
	1.3889
	0.2222
	1.1667
	1.5556
	0.7222

	17
	0.0000
	1.0556
	0.5556
	0.1667
	1.5556
	1.3889
	1.3333
	1.0556
	1.2222
	1.5000
	1.5556
	0.0556
	0.6667
	1.0556
	1.8889
	0.8333
	1.5556
	0.7222


Table xx – Phase of sounding short sequence for P = 32 and D = 32
	m  x
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17

	0
	0.0000
	0.0313
	0.1250
	0.2813
	0.5000
	0.7813
	1.1250
	1.5313
	0.0000
	0.5313
	1.1250
	1.7813
	0.5000
	1.2813
	0.1250
	1.0313
	0.0000
	1.0313

	1
	0.0000
	0.1563
	0.2500
	0.5313
	0.7500
	1.1563
	1.5000
	0.0313
	0.5000
	1.1563
	1.7500
	0.5313
	1.2500
	0.1563
	1.0000
	0.0313
	1.0000
	0.1563

	2
	0.0000
	0.2813
	0.3750
	0.7813
	1.0000
	1.5313
	1.8750
	0.5313
	1.0000
	1.7813
	0.3750
	1.2813
	0.0000
	1.0313
	1.8750
	1.0313
	0.0000
	1.2813

	3
	0.0000
	0.4063
	0.5000
	1.0313
	1.2500
	1.9063
	0.2500
	1.0313
	1.5000
	0.4063
	1.0000
	0.0313
	0.7500
	1.9063
	0.7500
	0.0313
	1.0000
	0.4063

	4
	0.0000
	0.5313
	0.6250
	1.2813
	1.5000
	0.2813
	0.6250
	1.5313
	0.0000
	1.0313
	1.6250
	0.7813
	1.5000
	0.7813
	1.6250
	1.0313
	0.0000
	1.5313

	5
	0.0000
	0.6563
	0.7500
	1.5313
	1.7500
	0.6563
	1.0000
	0.0313
	0.5000
	1.6563
	0.2500
	1.5313
	0.2500
	1.6563
	0.5000
	0.0313
	1.0000
	0.6563

	6
	0.0000
	0.7813
	0.8750
	1.7813
	0.0000
	1.0313
	1.3750
	0.5313
	1.0000
	0.2813
	0.8750
	0.2813
	1.0000
	0.5313
	1.3750
	1.0313
	0.0000
	1.7813

	7
	0.0000
	0.9063
	1.0000
	0.0313
	0.2500
	1.4063
	1.7500
	1.0313
	1.5000
	0.9063
	1.5000
	1.0313
	1.7500
	1.4063
	0.2500
	0.0313
	1.0000
	0.9063

	8
	0.0000
	1.0313
	1.1250
	0.2813
	0.5000
	1.7813
	0.1250
	1.5313
	0.0000
	1.5313
	0.1250
	1.7813
	0.5000
	0.2813
	1.1250
	1.0313
	0.0000
	0.0313

	9
	0.0000
	1.1563
	1.2500
	0.5313
	0.7500
	0.1563
	0.5000
	0.0313
	0.5000
	0.1563
	0.7500
	0.5313
	1.2500
	1.1563
	0.0000
	0.0313
	1.0000
	1.1563

	10
	0.0000
	1.2813
	1.3750
	0.7813
	1.0000
	0.5313
	0.8750
	0.5313
	1.0000
	0.7813
	1.3750
	1.2813
	0.0000
	0.0313
	0.8750
	1.0313
	0.0000
	0.2813

	11
	0.0000
	1.4063
	1.5000
	1.0313
	1.2500
	0.9063
	1.2500
	1.0313
	1.5000
	1.4063
	0.0000
	0.0313
	0.7500
	0.9063
	1.7500
	0.0313
	1.0000
	1.4063

	12
	0.0000
	1.5313
	1.6250
	1.2813
	1.5000
	1.2813
	1.6250
	1.5313
	0.0000
	0.0313
	0.6250
	0.7813
	1.5000
	1.7813
	0.6250
	1.0313
	0.0000
	0.5313

	13
	0.0000
	1.6563
	1.7500
	1.5313
	1.7500
	1.6563
	0.0000
	0.0313
	0.5000
	0.6563
	1.2500
	1.5313
	0.2500
	0.6563
	1.5000
	0.0313
	1.0000
	1.6563

	14
	0.0000
	1.7813
	1.8750
	1.7813
	0.0000
	0.0313
	0.3750
	0.5313
	1.0000
	1.2813
	1.8750
	0.2813
	1.0000
	1.5313
	0.3750
	1.0313
	0.0000
	0.7813

	15
	0.0000
	1.9063
	0.0000
	0.0313
	0.2500
	0.4063
	0.7500
	1.0313
	1.5000
	1.9063
	0.5000
	1.0313
	1.7500
	0.4063
	1.2500
	0.0313
	1.0000
	1.9063

	16
	0.0000
	1.0313
	0.1250
	1.2813
	0.5000
	1.7813
	1.1250
	0.5313
	0.0000
	1.5313
	1.1250
	0.7813
	0.5000
	0.2813
	0.1250
	0.0313
	0.0000
	0.0313

	17
	0.0000
	1.1563
	0.2500
	1.5313
	0.7500
	0.1563
	1.5000
	1.0313
	0.5000
	0.1563
	1.7500
	1.5313
	1.2500
	1.1563
	1.0000
	1.0313
	1.0000
	1.1563

	18
	0.0000
	1.2813
	0.3750
	1.7813
	1.0000
	0.5313
	1.8750
	1.5313
	1.0000
	0.7813
	0.3750
	0.2813
	0.0000
	0.0313
	1.8750
	0.0313
	0.0000
	0.2813

	19
	0.0000
	1.4063
	0.5000
	0.0313
	1.2500
	0.9063
	0.2500
	0.0313
	1.5000
	1.4063
	1.0000
	1.0313
	0.7500
	0.9063
	0.7500
	1.0313
	1.0000
	1.4063

	20
	0.0000
	1.5313
	0.6250
	0.2813
	1.5000
	1.2813
	0.6250
	0.5313
	0.0000
	0.0313
	1.6250
	1.7813
	1.5000
	1.7813
	1.6250
	0.0313
	0.0000
	0.5313

	21
	0.0000
	1.6563
	0.7500
	0.5313
	1.7500
	1.6563
	1.0000
	1.0313
	0.5000
	0.6563
	0.2500
	0.5313
	0.2500
	0.6563
	0.5000
	1.0313
	1.0000
	1.6563

	22
	0.0000
	1.7813
	0.8750
	0.7813
	0.0000
	0.0313
	1.3750
	1.5313
	1.0000
	1.2813
	0.8750
	1.2813
	1.0000
	1.5313
	1.3750
	0.0313
	0.0000
	0.7813

	23
	0.0000
	1.9063
	1.0000
	1.0313
	0.2500
	0.4063
	1.7500
	0.0313
	1.5000
	1.9063
	1.5000
	0.0313
	1.7500
	0.4063
	0.2500
	1.0313
	1.0000
	1.9063

	24
	0.0000
	0.0313
	1.1250
	1.2813
	0.5000
	0.7813
	0.1250
	0.5313
	0.0000
	0.5313
	0.1250
	0.7813
	0.5000
	1.2813
	1.1250
	0.0313
	0.0000
	1.0313

	25
	0.0000
	0.1563
	1.2500
	1.5313
	0.7500
	1.1563
	0.5000
	1.0313
	0.5000
	1.1563
	0.7500
	1.5313
	1.2500
	0.1563
	0.0000
	1.0313
	1.0000
	0.1563

	26
	0.0000
	0.2813
	1.3750
	1.7813
	1.0000
	1.5313
	0.8750
	1.5313
	1.0000
	1.7813
	1.3750
	0.2813
	0.0000
	1.0313
	0.8750
	0.0313
	0.0000
	1.2813

	27
	0.0000
	0.4063
	1.5000
	0.0313
	1.2500
	1.9063
	1.2500
	0.0313
	1.5000
	0.4063
	0.0000
	1.0313
	0.7500
	1.9063
	1.7500
	1.0313
	1.0000
	0.4063

	28
	0.0000
	0.5313
	1.6250
	0.2813
	1.5000
	0.2813
	1.6250
	0.5313
	0.0000
	1.0313
	0.6250
	1.7813
	1.5000
	0.7813
	0.6250
	0.0313
	0.0000
	1.5313

	29
	0.0000
	0.6563
	1.7500
	0.5313
	1.7500
	0.6563
	0.0000
	1.0313
	0.5000
	1.6563
	1.2500
	0.5313
	0.2500
	1.6563
	1.5000
	1.0313
	1.0000
	0.6563

	30
	0.0000
	0.7813
	1.8750
	0.7813
	0.0000
	1.0313
	0.3750
	1.5313
	1.0000
	0.2813
	1.8750
	1.2813
	1.0000
	0.5313
	0.3750
	0.0313
	0.0000
	1.7813

	31
	0.0000
	0.9063
	0.0000
	1.0313
	0.2500
	1.4063
	0.7500
	0.0313
	1.5000
	0.9063
	0.5000
	0.0313
	1.7500
	1.4063
	1.2500
	1.0313
	1.0000
	0.9063

	m  x
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	
	
	
	

	0
	0.1250
	1.2813
	0.5000
	1.7813
	1.1250
	0.5313
	0.0000
	1.5313
	1.1250
	0.7813
	0.5000
	0.2813
	0.1250
	0.0313
	
	
	
	

	1
	1.2500
	0.5313
	1.7500
	1.1563
	0.5000
	0.0313
	1.5000
	1.1563
	0.7500
	0.5313
	0.2500
	0.1563
	0.0000
	0.0313
	
	
	
	

	2
	0.3750
	1.7813
	1.0000
	0.5313
	1.8750
	1.5313
	1.0000
	0.7813
	0.3750
	0.2813
	0.0000
	0.0313
	1.8750
	0.0313
	
	
	
	

	3
	1.5000
	1.0313
	0.2500
	1.9063
	1.2500
	1.0313
	0.5000
	0.4063
	0.0000
	0.0313
	1.7500
	1.9063
	1.7500
	0.0313
	
	
	
	

	4
	0.6250
	0.2813
	1.5000
	1.2813
	0.6250
	0.5313
	0.0000
	0.0313
	1.6250
	1.7813
	1.5000
	1.7813
	1.6250
	0.0313
	
	
	
	

	5
	1.7500
	1.5313
	0.7500
	0.6563
	0.0000
	0.0313
	1.5000
	1.6563
	1.2500
	1.5313
	1.2500
	1.6563
	1.5000
	0.0313
	
	
	
	

	6
	0.8750
	0.7813
	0.0000
	0.0313
	1.3750
	1.5313
	1.0000
	1.2813
	0.8750
	1.2813
	1.0000
	1.5313
	1.3750
	0.0313
	
	
	
	

	7
	0.0000
	0.0313
	1.2500
	1.4063
	0.7500
	1.0313
	0.5000
	0.9063
	0.5000
	1.0313
	0.7500
	1.4063
	1.2500
	0.0313
	
	
	
	

	8
	1.1250
	1.2813
	0.5000
	0.7813
	0.1250
	0.5313
	0.0000
	0.5313
	0.1250
	0.7813
	0.5000
	1.2813
	1.1250
	0.0313
	
	
	
	

	9
	0.2500
	0.5313
	1.7500
	0.1563
	1.5000
	0.0313
	1.5000
	0.1563
	1.7500
	0.5313
	0.2500
	1.1563
	1.0000
	0.0313
	
	
	
	

	10
	1.3750
	1.7813
	1.0000
	1.5313
	0.8750
	1.5313
	1.0000
	1.7813
	1.3750
	0.2813
	0.0000
	1.0313
	0.8750
	0.0313
	
	
	
	

	11
	0.5000
	1.0313
	0.2500
	0.9063
	0.2500
	1.0313
	0.5000
	1.4063
	1.0000
	0.0313
	1.7500
	0.9063
	0.7500
	0.0313
	
	
	
	

	12
	1.6250
	0.2813
	1.5000
	0.2813
	1.6250
	0.5313
	0.0000
	1.0313
	0.6250
	1.7813
	1.5000
	0.7813
	0.6250
	0.0313
	
	
	
	

	13
	0.7500
	1.5313
	0.7500
	1.6563
	1.0000
	0.0313
	1.5000
	0.6563
	0.2500
	1.5313
	1.2500
	0.6563
	0.5000
	0.0313
	
	
	
	

	14
	1.8750
	0.7813
	0.0000
	1.0313
	0.3750
	1.5313
	1.0000
	0.2813
	1.8750
	1.2813
	1.0000
	0.5313
	0.3750
	0.0313
	
	
	
	

	15
	1.0000
	0.0313
	1.2500
	0.4063
	1.7500
	1.0313
	0.5000
	1.9063
	1.5000
	1.0313
	0.7500
	0.4063
	0.2500
	0.0313
	
	
	
	

	16
	0.1250
	0.2813
	0.5000
	0.7813
	1.1250
	1.5313
	0.0000
	0.5313
	1.1250
	1.7813
	0.5000
	1.2813
	0.1250
	1.0313
	
	
	
	

	17
	1.2500
	1.5313
	1.7500
	0.1563
	0.5000
	1.0313
	1.5000
	0.1563
	0.7500
	1.5313
	0.2500
	1.1563
	0.0000
	1.0313
	
	
	
	

	18
	0.3750
	0.7813
	1.0000
	1.5313
	1.8750
	0.5313
	1.0000
	1.7813
	0.3750
	1.2813
	0.0000
	1.0313
	1.8750
	1.0313
	
	
	
	

	19
	1.5000
	0.0313
	0.2500
	0.9063
	1.2500
	0.0313
	0.5000
	1.4063
	0.0000
	1.0313
	1.7500
	0.9063
	1.7500
	1.0313
	
	
	
	

	20
	0.6250
	1.2813
	1.5000
	0.2813
	0.6250
	1.5313
	0.0000
	1.0313
	1.6250
	0.7813
	1.5000
	0.7813
	1.6250
	1.0313
	
	
	
	

	21
	1.7500
	0.5313
	0.7500
	1.6563
	0.0000
	1.0313
	1.5000
	0.6563
	1.2500
	0.5313
	1.2500
	0.6563
	1.5000
	1.0313
	
	
	
	

	22
	0.8750
	1.7813
	0.0000
	1.0313
	1.3750
	0.5313
	1.0000
	0.2813
	0.8750
	0.2813
	1.0000
	0.5313
	1.3750
	1.0313
	
	
	
	

	23
	0.0000
	1.0313
	1.2500
	0.4063
	0.7500
	0.0313
	0.5000
	1.9063
	0.5000
	0.0313
	0.7500
	0.4063
	1.2500
	1.0313
	
	
	
	

	24
	1.1250
	0.2813
	0.5000
	1.7813
	0.1250
	1.5313
	0.0000
	1.5313
	0.1250
	1.7813
	0.5000
	0.2813
	1.1250
	1.0313
	
	
	
	

	25
	0.2500
	1.5313
	1.7500
	1.1563
	1.5000
	1.0313
	1.5000
	1.1563
	1.7500
	1.5313
	0.2500
	0.1563
	1.0000
	1.0313
	
	
	
	

	26
	1.3750
	0.7813
	1.0000
	0.5313
	0.8750
	0.5313
	1.0000
	0.7813
	1.3750
	1.2813
	0.0000
	0.0313
	0.8750
	1.0313
	
	
	
	

	27
	0.5000
	0.0313
	0.2500
	1.9063
	0.2500
	0.0313
	0.5000
	0.4063
	1.0000
	1.0313
	1.7500
	1.9063
	0.7500
	1.0313
	
	
	
	

	28
	1.6250
	1.2813
	1.5000
	1.2813
	1.6250
	1.5313
	0.0000
	0.0313
	0.6250
	0.7813
	1.5000
	1.7813
	0.6250
	1.0313
	
	
	
	

	29
	0.7500
	0.5313
	0.7500
	0.6563
	1.0000
	1.0313
	1.5000
	1.6563
	0.2500
	0.5313
	1.2500
	1.6563
	0.5000
	1.0313
	
	
	
	

	30
	1.8750
	1.7813
	0.0000
	0.0313
	0.3750
	0.5313
	1.0000
	1.2813
	1.8750
	0.2813
	1.0000
	1.5313
	0.3750
	1.0313
	
	
	
	

	31
	1.0000
	1.0313
	1.2500
	1.4063
	1.7500
	0.0313
	0.5000
	0.9063
	1.5000
	0.0313
	0.7500
	1.4063
	0.2500
	1.0313
	
	
	
	


Table xx –( value for cyclic shift separability
	P
	(

	
	Nused = 433
	Nused = 865
	Nused = 1729

	4
	48
	370
	176

	6
	372
	743
	1456

	8
	381
	507
	1557

	9
	378
	609
	813

	16
	195
	507
	770

	18
	61
	816
	1043

	32
	218
	370
	33


Table xx – NG value for various BW

	BW (MHz)
	Nused
	NG

	5
	433
	439

	7
	865
	877

	8.75
	865
	877

	10
	865
	877

	20
	1729
	1733


Table xx- optimal offset value
	P
	d

	
	Nused = 433
	Nused = 865
	Nused = 1729

	4
	[0 25 41 66 91 107 132 173 198 239 264 305 330 346 371 396 412]
	[0:16:224, 653:16:861]
	[0:32: 800, 933:32:1701]

	6
	[0 28 65 93 121 158 186 251 279 316 344 372 409]
	[0:12:312, 565:12:865]
	[0 49 73 98 122 171 195 220 244 293 317 342 366 415 439 464 488 537 561 586 610 635 659 708 732 757 781 830 854 879 903 952 976 1001 1025 1074 1098 1123 1147 1172 1196 1245 1269 1294 1318 1367 1391
1416 1440 1489 1513 1538 1562 1611 1635 1660 1684]

	8
	[0 1 39 40 41 78 79 80 81 118 119 120 158 159 160 198 199 200 237 238   239 277 278 279 317 318 319 356 357 358 359 396 397 398 436]
	[0:8:224, 653:8:869]
	[0:16:544, 1189:16:1717]


	9
	[0 14 28 42 51 65 79 93 107 121 144 172 186 214 223 237 251 265 279  293 316 330 344 358 372 386 395 409 423]
	[0:4:76, 801:4:873]
	[0:9:270,1463:9:1724]


	16
	[0 7 14,29 36 43 50 57 72 79 86 93 100 115 122 129 136 143 150 158 165 172 179 186 193 201 208 215 222 229 236 244 251 258 265 272 279 287 294 301 308 315 322 337 344 351 358 365 380 387 394 401 408 423 430]
	[0:4:224, 653:4:873]
	[0 9 46 55 101 110 156 165 211 220 266 275 321 330 376 385 431 440 486 495 532 541 550 587 596 605 642 651 697 706 752 761 807 816 862 871 917 926 972 981 1027 1036 1082 1091 1128 1137 1146 1183 1192 1201 1238 1247 1293 1302 1348 1357 1403 1412 1458 1467 1513 1522 1568 1577 1623 1632 1678 1687 1724]

	18
	[0 2 4 35 37 39 41 43 45 76 78 80 82 84 115 117 119 121 123 154 156 158 160 162 164 195 197 199 201 203 234 236 238 240 242 273 275 277 279 281 283 314 316 318 320 322 353 355 357 359 361 392 394 396 398 400 402 433 435]
	[0:4:12, 111:4:139, 234:4:266, 361:4:389, 88:4:516,611:4:643, 738:4:766, 861:4:873]
	[0:6:186, 1547:6:1727]

	32
	[0 1 2 26 27 28 29 53 54 55 56 80 81 82 83 84 108 109 110 111 135 136 137 138 162 163 164 165 166 190 191 192 193 217 218 219 220 244 245 246 247 271 272 273 274 275 299 300 301 302 326 327 328 329 353 354 355 356 357 381 382 383 384 408 409 410 411 435 436]
	[0:2:56, 821:2:875]
	[0 23 41 64 87 128 151 192 215 256 279 320 343 384 407 448 471 512 535 558 576 599 622 640 663 686 727 750 791 814 878 919 942 983 1006 1047 1070 1093 1111 1134 1157 1175 1198 1221 1262 1285 1326 1349 1390 1413 1454 1477 1518 1541 1582 1605 1646 1669 1692 1710]


For the decimation separability, the sounding sequence is defined as
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where

k is the subcarrier index ( 0 ( k ( Nused(1),

Nused is the number of usable subcarriers in the sounding symbol,
D is the decimation value (from the sounding instructions),

B is the group of allocated subcarriers/bands according to the sounding instructions,
g is the actual decimation offset as defined in 16e, 

m is the cell-specific parameter representing index of short sounding sequence (from the sounding 
instructions), 

(m(x) is the phase of short sounding sequence, which is defined in Tables xx-xx for various D, and
f(k) is the long sounding sequence, which is given in (xx), ( in f(k) is defined in Table xx. d is the cell common or specific parameter, with which the number of sounding sequence increases. The value of d is from 0 to NG-1. 

The total number of available base sounding sequences is Ns=NG*P. Each base sounding sequence can be identified by an index pair {m,Id} (m=0,1…P-1; d =0,1…NG-1), where m is the index of short sounding sequence and Id is the index of offset value.

If using cell common long sounding sequence, then the cell-specific parameter m= IDcell mod P, Id =0. If using cell specific long sounding sequence, each cell/sector is assigned with a different base sounding sequence, i.e. m= (IDcell mod Ns) mod P, Id =floor((IDcell mod Ns)/P). One optional strategy for combating inter-cell/sector interference is to assign same base sounding sequence and three different sets of decimation offsets to the three sectors from the same cell.

Table xx –( value for decimation separability

	D
	(

	
	Nused = 433
	Nused = 865
	Nused = 1729

	4
	42
	332
	436

	6
	214
	166
	820

	8
	186
	293
	191

	9
	147
	161
	87

	16
	208
	138
	480

	18
	144
	63
	192

	32
	53
	50
	866


----------------------------------------------------------- Text End ---------------------------------------------------------------
Appendix
1. PAPR performance
A. simulation conditions
Table. Simulation conditions
	Parameter
	Value

	FFT Size
	1024

	Number of DC subcarrier
	1

	Number of guard subcarriers, left
	80

	Number of guard subcarriers, right
	79

	Number of usable subcarriers ( = Nused)

(including DC subcarrier)
	865

	Number of frequency bands
	12

	Number of subcarriers in a frequency bands
	72

	Number of sounding frequency bands
	12

	Number of subcarriers in a sounding frequency band
	72


     B. CDF curves for CDM ( P=4,6,8,9,16,18,32)

[image: image11]

 SHAPE  \* MERGEFORMAT 
[image: image12]
[image: image20.wmf]2

3

4

5

6

7

8

9

10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

PAPR [dB]

Probability ( PAPR[dB] < X)

CDF of PAPR [dB] ( P = 4, Loading size : 72 tones )

 

 

16e

Proposed, offset 0

[image: image21.wmf]2

3

4

5

6

7

8

9

10

11

12

13

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

PAPR [dB]

Probability (PAPR [dB] < X)

CDF of PAPR [dB] (D = 9, Loading Size : 864 tones)

 

 

16e

Proposed


[image: image13]

[image: image14]
[image: image22.wmf]2

3

4

5

6

7

8

9

10

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

PAPR [dB]

Probability ( PAPR[dB] < X)

CDF of PAPR [dB] ( P = 9, Loading size : 864 tones )

 

 

16e

Proposed, offset 0

C. CDF curves for FDM (P=4,6,8,9,16,18,32)
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2. Sounding SINR performance

A. simulation conditions

	Parameter
	Assumption

	Cell Configuration
	Hexagonal grid, 19 Cell sites, 3 sectors per site

	No. of Sounding User / Sector
	1,4,6,9,18

	Path Loss Model
	Loss (dB) = 130.19 + 37.6(log10(R) (R in km)

	Site-to-Site Distance
	1.5 km

	Carrier Frequency
	2.4 GHz

	Bandwidth
	10Mhz

	Max MS Tx Power
	23dBm

	Channel Model 
	NLOS: ITU Modified Ped.-B, 3kmph
LOS: ITU Modified Ped.-B with K= 5dB, 3kmph

	Sounding Multiplexing
	CDM (P = 6,  9, 18)

	Sounding Target SINR
	10dB

	Sounding Channel Estimation
	LS


B. Mean SNR (dB) comparison

	-P=18-
	Loading size =18 tones
	Loading size =72 tones ( one-band )
	Loading size =864 tones ( full-band )

	
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS

	
	16e
	Proposed
	16e
	Proposed
	16e
	Proposed
	16e
	Proposed
	16e
	Proposed
	16e
	Proposed

	K = 1
	13.04
	14.20
	16.21
	17.95
	11.07
	12.01
	13.96
	15.86
	14.00
	15.47
	13.84
	15.56

	K = 4
	9.62
	10.46
	11.74
	12.86
	7.54
	8.64
	9.10
	11.76
	7.62
	8.44
	9.95
	11.92

	K = 6
	8.72
	9.26
	10.68
	11.39
	6.27
	7.47
	7.16
	9.75
	6.28
	7.21
	8.29
	10.32

	K = 9
	7.06
	7.52
	8.74
	9.28
	4.06
	5.38
	4.70
	7.31
	4.41
	5.29
	5.19
	7.43

	K = 18
	4.94
	5.20
	6.92
	7.19
	1.35
	2.57
	1.97
	4.51
	1.47
	2.24
	2.58
	4.70


	-P=9-
	Loading size =18 tones
	Loading size =72 tones ( one-band )
	Loading size =864 tones ( full-band )

	
	NLOS
	LOS
	NLOS
	LOS
	NLOS
	LOS

	
	16e
	Proposed
	16e
	Proposed
	16e
	Proposed
	16e
	Proposed
	16e
	Proposed
	16e
	Proposed

	K = 1
	12.84
	15.07
	14.05
	16.96
	11.98
	14.06
	12.36
	15.19
	10.89
	12.66
	12.91
	15.44

	K = 4
	9.62
	10.46
	11.74
	12.86
	5.22
	7.79
	5.65
	9.37
	6.23
	8.03
	6.75
	9.94

	K = 6
	5.05
	7.34
	5.50
	8.54
	3.39
	5.77
	3.64
	7.40
	4.41
	5.75
	4.43
	7.31

	K = 9
	3.46
	5.62
	3.88
	6.98
	1.52
	3.83
	1.41
	5.04
	2.42
	3.64
	2.69
	5.22


C. CDF of Sounding SINR (P=18)
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D. CDF of Sounding SINR (P=9)
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