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Proposed Text of Primary Advanced Preamble 
for the IEEE 802.16m Amendment
Zheng Yan-Xiu, Yu-Chuan Fang, Chang-Lan Tsai, Chung-Lien Ho
ITRI
1. Introduction
The contribution proposes the PA-Preamble for A-Preamble. The proposed PA-Preamble improves the performance A-Preamble disclosed in IEEE 802.16m-09/0010r2[1]. The proposed PA-Preamble features partially overlapped MFSK. This proposal also introduces cluster-based phase rotation MIMO scheme to enhance the reception performance of PA-Preamble for the scenario that whole network sends identical PA-Preamble.
2. References
[1] IEEE 802.16m-09/0010r2, “Part 16: Air Interface for Fixed and Mobile Broadband Wireless Access Systems Advanced Air Interface (working document),” May 2009.

    .
3. Text proposal for inclusion in the 802.16m amendment
---------------------------------------------  Text Start  --------------------------------------------------- 
Delete the following text at at section 15.3.6.1.1:
The length of sequence for PA-Preamble is 216 regardless of the FFT size. PA-Preamble carries the information of ABS type, system bandwidth, and carrier configuration. When the subcarrier index 256 is reserved for DC, the allocation of subcarriers is accomplished by following equation


PAPreambleCarrierSet= 2∙k +41
where 

PAPreambleCarrierSet specifies all subcarriers allocated to the PA-Preamble, and

k 
is a running index 0 to 215.

Figure xxx depicts the symbol structure of PA-Preamble in the frequency domain. 
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Figure xxx─ PA-Preamble symbol structure

In Table xxx the sequence of PA-Preamble is defined in a hexadecimal format. The defined series is mapped onto subcarriers in ascending order. The value of the series is obtained by converting the series to a binary series and starting the series from the MSB up to 216 bits (0 mapped to +1 and 1 mapped to -1).

Table xxx─ PA-Preamble series

	Index
	Carrier
	BW
	Series to modulate

	0
	Fully configured
	5 MHz
	6DB4F3B16BCE59166C9CEF7C3C8CA5EDFC16A9D1DC01F2AE6AA08F

	1
	
	10 MHz
	1799628F3B9F8F3B22C1BA19EAF94FEC4D37DEE97E027750D298AC

	2
	
	20 MHz
	92161C7C19BB2FC0ADE5CEF3543AC1B6CE6BE1C8DCABDDD319EAF7

	3
	
	reserved
	6DE116E665C395ADC70A89716908620868A60340BF35ED547F8281

	4
	
	reserved
	BCFDF60DFAD6B027E4C39DB20D783C9F467155179CBA31115E2D04

	5
	
	reserved
	7EF1379553F9641EE6ECDBF5F144287E329606C616292A3C77F928

	6
	
	reserved
	8A9CA262B8B3D37E3158A3B17BFA4C9FCFF4D396D2A93DE65A0E7C

	7
	
	reserved
	DA8CE648727E4282780384AB53CEEBD1CBF79E0C5DA7BA85DD3749

	8
	
	reserved
	3A65D1E6042E8B8AADC701E210B5B4B650B6AB31F7A918893FB04A

	9
	
	reserved
	D46CF86FE51B56B2CAA84F26F6F204428C1BD23F3D888737A0851C

	10
	Partially configured
	N/A
	640267A0C0DF11E475066F1610954B5AE55E189EA7E72EFD57240F


The magnitude boosting levels for different FFT size are as follows:
	512
	1k
	2k

	2.3999
	3.4143
	5.1320


For 512-FFT, the boosted PA-Preamble at k-th subcarrier can be written as 


[image: image2.wmf]k

k

b

c

×

=

.3999

2


where 
[image: image3.wmf]k

b

represents PA-Preamble before the boosting (+1 or - 1).
Insert the following texts at section 15.3.6.1.1: 
The length of sequence for Preamble is 212 regardless of the FFT size. PA-Preamble carries the information of ABS type, system bandwidth and carrier configuration. When the subcarrier index 256 is reserved for DC, the allocation of subcarriers is accomplished by following equation


PreambleCarrierSet= 2∙k +45
where PAPreambleCarrierSet specifies all subcarriers allocated to the PA-Preamble, and

k 
is a running index 0 to 211.

Figure yyy depicts the symbol structure of PA-Preamble in the frequency domain. 
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Figure yyy─ PA-Preamble symbol structure

Table xxx provides preamble code. C(i) stands for the codes on the ith subcluster. The nth preamble sets C(1) on subcarrier indexes {45+6·n, 47+6·n, 49+6·n }, C(2) on subcarrier indexes {151+6·(3·n mod 17), 153+6·(3·n mod 17), 155+6·(3·n mod 17)}, C(3) on subcarrier indexes {253, 255, 257}, C(4) on subcarrier indexes {261+6·(5·n mod 17), 263+6·(5·n mod 17), 265+6·(5·n mod 17)}, C(5) on subcarrier indexes {367+6·(7·n mod 17), 369+6·(7·n mod 17), 371+6·(7·n mod 17)} and {0} on the other subcarriers indexes. All preambles has the same C(3) on the same location to indicate the center frequency.

There are 7 phase rotation vectors for each sequence. j means
[image: image5.wmf]1

-

. These five numbers are phase rotation for C(1) to C(5). Different antennas or base stations can apply different phase rotation to exploit spatial domain diversity gain.

When there is a transmitter with two transmission antennas, the transmitter will sends the preamble with two different phase rotation vector shown in the table. We can restrict the select of phase rotation vectors to the first two. 
The magnitude boosting levels for different FFT size are shown in Table ABC.
Table ABC—PA-Preamble boosting levels.
	512
	1k
	2k

	7.8819
	11.2135
	16.8548


For 512-FFT, the boosted PA-Preamble at kth subcarrier can be written as
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where 
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b

represents PA-Preamble before the boosting (+1, - 1, +j or - j).
When we apply all phase rotation vectors, the magnitude boosting levels for different FFT size are shown in Table DEF.
Table DEF—PA-Preamble boosting levels.
	512
	1k
	2k

	7.3526
	10.4604
	15.7230


For 512-FFT, the boosted PA-Preamble at kth subcarrier can be written as 
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where 
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b

represents PA-Preamble before the boosting (+1, - 1, + j or - j).
Table xxx: An exemplary preamble.
	Sequence
Number
	PAPR
	Phase rotation vector
	Minimum
PAPR

	
	
	C(1)
	C(2)
	C(3)
	C(4)
	C(5)
	

	0
	C(1)=[-1 -1 -1], C(2)=[-1 1 1], C(3)=[1 1 -1], C(4)=[1 -1 1], C(5)=[-1 1 -1]

	
	4.003088183822409
	1
	1
	1
	1
	1
	Min

	
	4.014190434828029
	1
	j
	-1
	-1
	-j
	

	
	4.014190434828031
	1
	-j
	-1
	-1
	j
	

	
	4.888527720143059
	1
	-j
	-1
	j
	1
	

	
	4.888527720143064
	1
	j
	-1
	-j
	1
	

	
	4.909385506258269
	1
	-1
	1
	j
	-j
	

	
	4.909385506258273
	1
	-1
	1
	-j
	j
	

	1
	C(1)=[1 -1 1], C(2)=[-1 1 1], C(3)=[1 1 -1], C(4)=[1 -1 -1], C(5)=[1 1 1]

	
	4.413854374140299
	1
	1
	1
	1
	1
	Min

	
	4.448410795286004
	1
	-j
	J
	-1
	j
	

	
	4.448410795286008
	1
	J
	-j
	-1
	-j
	

	
	4.628116196814346
	1
	-j
	1
	-1
	j
	

	
	4.628116196814350
	1
	J
	1
	-1
	-j
	

	
	4.662204480684627
	1
	J
	-1
	-1
	-j
	

	
	4.662204480684630
	1
	-j
	-1
	-1
	j
	

	2
	C(1)=[-1 1 -1], C(2)=[1 -1 -1], C(3)=[1 1 -1], C(4)=[-1 -1 1], C(5)=[1 1 1]

	
	4.260525260818429
	1
	1
	1
	1
	1
	Min

	
	5.193081892861322
	1
	-1
	J
	1
	-j
	

	
	5.193081892861330
	1
	-1
	-j
	1
	j
	

	
	5.300501965823672
	1
	j
	-j
	-1
	-j
	

	
	5.300501965823674
	1
	-j
	J
	-1
	j
	

	
	5.313434094457139
	1
	j
	1
	-1
	-j
	

	
	5.313434094457139
	1
	-j
	1
	-1
	j
	

	3
	C(1)=[-1 1 1], C(2)=[1 1 1], C(3)=[1 1 -1], C(4)=[1 -1 1], C(5)=[-1 -1 -1]

	
	4.916815730009944
	1
	1
	1
	1
	1
	Min

	
	5.086490264936585
	1
	-1
	J
	1
	-j
	

	
	5.086490264936586
	1
	-1
	-j
	1
	j
	

	
	5.108205091527410
	1
	-j
	-1
	-1
	j
	

	
	5.108205091527417
	1
	j
	-1
	-1
	-j
	

	
	5.116539256214900
	1
	j
	-j
	-1
	1
	

	
	5.116539256214903
	1
	-j
	J
	-1
	1
	

	4
	C(1)=[1 1 1], C(2)=[-1 1 -1], C(3)=[1 1 -1], C(4)=[1 -1 -1], C(5)=[-1 -1 -1]

	
	4.870544149752826
	1
	1
	1
	1
	1
	Min

	
	4.970817925965569
	1
	-j
	J
	-j
	-1
	

	
	4.970817925965577
	1
	j
	-j
	j
	-1
	

	
	5.081899883347408
	1
	j
	-1
	-j
	1
	

	
	5.081899883347408
	1
	-j
	-1
	j
	1
	

	
	5.981032971234257
	1
	j
	J
	-1
	-j
	

	
	5.981032971234259
	1
	-j
	-j
	-1
	j
	

	5
	C(1)=[1 1 1], C(2)=[-1 1 -1], C(3)=[1 1 -1], C(4)=[1 -1 1], C(5)=[-1 -1 1]

	
	5.052668329233451
	1
	1
	1
	1
	1
	Min

	
	5.307024863984728
	1
	1
	-j
	j
	-1
	

	
	5.307024863984731
	1
	1
	J
	-j
	-1
	

	
	5.343596570163389
	1
	j
	1
	-1
	-j
	

	
	5.343596570163399
	1
	-j
	1
	-1
	j
	

	
	5.434252023375128
	1
	j
	-1
	-1
	-j
	

	
	5.434252023375135
	1
	-j
	-1
	-1
	j
	

	6
	C(1)=[-1 -1 -1], C(2)=[-1 1 -1], C(3)=[1 1 -1], C(4)=[-1 -1 -1], C(5)=[1 -1 1]

	
	5.142072883424945
	1
	1
	1
	1
	1
	Min

	
	5.209624497948164
	1
	j
	-1
	-j
	1
	

	
	5.209624497948171
	1
	-j
	-1
	j
	1
	

	
	5.333605470178338
	1
	j
	1
	-1
	-j
	

	
	5.333605470178338
	1
	-j
	1
	-1
	j
	

	
	5.380644166268082
	1
	-1
	-1
	-j
	j
	

	
	5.380644166268085
	1
	-1
	-1
	j
	-j
	

	7
	C(1)=[1 1 -1], C(2)=[1 1 1], C(3)=[1 1 -1], C(4)=[-1 -1 -1], C(5)=[-1 1 -1]

	
	5.377233540694850
	1
	1
	1
	1
	1
	

	
	5.305132940678785
	1
	j
	-j
	-1
	-1
	Min

	
	5.305132940678790
	1
	-j
	J
	-1
	-1
	

	
	5.448732975090332
	1
	-1
	J
	1
	-j
	

	
	5.448732975090341
	1
	-1
	-j
	1
	j
	

	
	5.477789605680488
	1
	j
	1
	-1
	-j
	

	
	5.477789605680488
	1
	-j
	1
	-1
	j
	

	8
	C(1)=[1 -1 1], C(2)=[1 -1 -1], C(3)=[1 1 -1], C(4)=[1 -1 -1], C(5)=[-1 -1 -1]

	
	4.441469220819505
	1
	1
	1
	1
	1
	Min

	
	4.504804368675837
	1
	-j
	1
	-1
	j
	

	
	4.504804368675841
	1
	j
	1
	-1
	-j
	

	
	4.642417406841394
	1
	-j
	-j
	-1
	j
	

	
	4.642417406841401
	1
	j
	J
	-1
	-j
	

	
	4.663297227386376
	1
	-j
	J
	-1
	j
	

	
	4.663297227386384
	1
	j
	-j
	-1
	-j
	

	9
	C(1)=[1 1 1], C(2)=[-1 -1 1], C(3)=[1 1 -1], C(4)=[1 1 -1], C(5)=[1 -1 1]

	
	4.572511422830747
	1
	1
	1
	1
	1
	

	
	4.553085035023059
	1
	j
	-j
	-1
	-j
	Min

	
	4.553085035023059
	1
	-j
	J
	-1
	j
	

	
	4.671788847148256
	1
	-j
	1
	-1
	j
	

	
	4.671788847148260
	1
	j
	1
	-1
	-j
	

	
	4.687636223708376
	1
	j
	J
	-1
	-j
	

	
	4.687636223708378
	1
	-j
	-j
	-1
	j
	

	10
	C(1)=[-1 1 -1], C(2)=[-1 1 1], C(3)=[1 1 -1], C(4)=[-1 1 1], C(5)=[-1 -1 -1]

	
	4.281044748561849
	1
	1
	1
	1
	1
	Min

	
	4.300948265176404
	1
	-j
	-1
	-1
	j
	

	
	4.300948265176406
	1
	j
	-1
	-1
	-j
	

	
	4.420202412753502
	1
	j
	-j
	-1
	1
	

	
	4.420202412753503
	1
	-j
	J
	-1
	1
	

	
	4.476771718813565
	1
	-1
	J
	1
	-j
	

	
	4.476771718813569
	1
	-1
	-j
	1
	j
	

	11
	C(1)=[1 -1 -1], C(2)=[1 1 1], C(3)=[1 1 -1], C(4)=[1 1 -1], C(5)=[1 -1 1]

	
	4.647705658221341
	1
	1
	1
	1
	1
	Min

	
	4.824305240263763
	1
	j
	J
	-1
	-j
	

	
	4.824305240263769
	1
	-j
	-j
	-1
	j
	

	
	4.986825236318058
	1
	-1
	-1
	j
	-j
	

	
	4.986825236318067
	1
	-1
	-1
	-j
	j
	

	
	5.832592595029739
	1
	-1
	J
	j
	-j
	

	
	5.832592595029745
	1
	-1
	-j
	-j
	j
	

	12
	C(1)=[-1 1 -1], C(2)=[-1 -1 -1], C(3)=[1 1 -1], C(4)=[1 1 1], C(5)=[-1 1 1]

	
	5.126299241805716
	1
	1
	1
	1
	1
	Min

	
	5.323629269162233
	1
	j
	-1
	-j
	j
	

	
	5.323629269162236
	1
	-j
	-1
	j
	-j
	

	
	5.363543368275654
	1
	j
	1
	-1
	-j
	

	
	5.363543368275659
	1
	-j
	1
	-1
	j
	

	
	5.468248625302861
	1
	-1
	J
	-j
	1
	

	
	5.468248625302862
	1
	-1
	-j
	j
	1
	

	13
	C(1)=[1 -1 1], C(2)=[1 -1 1], C(3)=[1 1 -1], C(4)=[1 1 1], C(5)=[-1 -1 -1]

	
	5.114928592097466
	1
	1
	1
	1
	1
	Min

	
	5.209908394646481
	1
	-j
	-1
	j
	1
	

	
	5.209908394646482
	1
	j
	-1
	-j
	1
	

	
	5.234679739557707
	1
	-1
	1
	-j
	j
	

	
	5.234679739557713
	1
	-1
	1
	J
	-j
	

	
	5.315475127838651
	1
	-j
	J
	-j
	-1
	

	
	5.315475127838654
	1
	j
	-j
	J
	-1
	

	14
	C(1)=[-1 1 -1], C(2)=[-1 1 -1], C(3)=[1 1 -1], C(4)=[1 -1 -1], C(5)=[-1 -1 -1]

	
	4.856054015866970
	1
	1
	1
	1
	1
	Min

	
	5.216648593581611
	1
	j
	-j
	-1
	-j
	

	
	5.216648593581612
	1
	-j
	J
	-1
	j
	

	
	5.507879035556247
	1
	j
	J
	-1
	-j
	

	
	5.507879035556247
	1
	-j
	-j
	-1
	j
	

	
	5.559345404211627
	1
	j
	-1
	-1
	-j
	

	
	5.559345404211631
	1
	-j
	-1
	-1
	j
	

	15
	C(1)=[1 -1 1], C(2)=[1 -1 -1], C(3)=[1 1 -1], C(4)=[1 -1 -1], C(5)=[-1 -1 -1]

	
	4.428907398534808
	1
	1
	1
	1
	1
	Min

	
	4.586159282955573
	1
	j
	-j
	-1
	-j
	

	
	4.586159282955576
	1
	-j
	J
	-1
	j
	

	
	4.646011906059639
	1
	-j
	-j
	-1
	j
	

	
	4.646011906059639
	1
	j
	J
	-1
	-j
	

	
	4.680275704726993
	1
	-j
	1
	-1
	j
	

	
	4.680275704726999
	1
	j
	1
	-1
	-j
	

	16
	C(1)=[-1 1 -1], C(2)=[-1 1 1], C(3)=[1 1 -1], C(4)=[-1 1 1], C(5)=[1 1 1]

	
	4.363268518430906
	1
	1
	1
	1
	1
	Min

	
	4.517234522148936
	1
	j
	J
	-1
	-j
	

	
	4.517234522148942
	1
	-j
	-j
	-1
	j
	

	
	4.607301847771376
	1
	j
	-1
	-1
	-j
	

	
	4.607301847771379
	1
	-j
	-1
	-1
	j
	

	
	4.637573505602798
	1
	-j
	1
	-1
	j
	

	
	4.637573505602806
	1
	j
	1
	-1
	-j
	


Table zzz shows the carried information of PA-Preamble. Bandwidth, ABS type and carrier type are informed by PA-Preamble.
Table zzz─ Carried Information by the associated PA-Preamble
	Index
	Carrier
	ABS type
	BW

	0
	Fully configured
	ABS included in NBR_ADV
	5 MHz

	1
	
	
	10 MHz

	2
	
	
	20 MHz

	3
	
	ABS  not included in NBR_ADV
	5 MHz

	4
	
	
	10 MHz

	5
	
	
	20 MHz

	6
	
	N/A
	N/A

	7
	
	N/A
	N/A

	8
	
	N/A
	N/A

	9
	
	N/A
	N/A

	10
	
	N/A
	N/A

	11
	
	N/A
	N/A

	12
	
	N/A
	N/A

	13
	
	N/A
	N/A

	14
	
	N/A
	N/A

	15
	
	CSG femto BS
	N/A

	16
	Partially configured
	N/A
	N/A


Macro BS and Relay BS are included in NBR_ADV.

----------------------------------------------------Text End------------------------------------------[image: image10.png]
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