
IEEE C802.16m-09/0552

	Project
	IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.org/16>

	Title
	Evaluation of DL Resource Mapping Permutations in DL PHY Structure for IEEE 802.16m Amendment Working Document

	Date Submitted
	2009-03-02

	Source(s)
	XiangYu Liu, Ding Ning, Yanfeng Guan, Huiying Fang

ZTE Corporation
	Voice:
  +86 0755 26770659
E-mail:  guan.yanfeng@zte.com.cn        

	Re:
	“Call for comments and Contributions on Project 802.16m Amendment Working Document”, IEEE 802.16m-09/0010. 
topic of  “Downlink Physical Structure” 

	Abstract
	The contribution provides DL PHY structure text for the IEEE 802.16m amendment.  

	Purpose
	To be incorporated into the IEEE 802.16 amendment text in Session 60

	Notice
	This document does not represent the agreed views of the IEEE 802.16 Working Group or any of its subgroups. It represents only the views of the participants listed in the “Source(s)” field above. It is offered as a basis for discussion. It is not binding on the contributor(s), who reserve(s) the right to add, amend or withdraw material contained herein.

	Release
	The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution, and any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole discretion to permit others to reproduce in whole or in part the resulting IEEE Standards publication. The contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.16.

	Patent Policy
	The contributor is familiar with the IEEE-SA Patent Policy and Procedures:

<http://standards.ieee.org/guides/bylaws/sect6-7.html#6> and <http://standards.ieee.org/guides/opman/sect6.html#6.3>.

Further information is located at <http://standards.ieee.org/board/pat/pat-material.html> and <http://standards.ieee.org/board/pat>.


Evaluation of DL Resource Mapping Permutations in DL PHY Structure for IEEE 802.16m Amendment Working Document
XiangYu Liu, Ding Ning,YanFeng Guan, Huiying Fang
ZTE Corporation
1. Introduction
In the IEEE 802.16m amendment working document [1], some DL resource mapping permutations are TBD. These permutations are applied to the miniband permutation and subcarrier permutation. Many companies proposed different permutations in IEEE C802.16m_08-1508r1 [2]. This contribution gives some evaluation results on DL resource mapping permutations and presents the amendment text according to the downlink physical structure in the amendment working document. In addition, the proposed text is is compliant to IEEE 802.16m SDD [3] and IEEE 802.16m SRD [4].
2. Evaluation on the Miniband Permutation
There are 6 different miniband permutations in 08-1508r1, all of these permutations are (modified) block interleaving with different parameters. 

· ZTE’s proposal use a (modified) block interleaving supporting any miniband length, and set particular row/column-dimension parameters to get necessary distance property, at the same time, it holds the simplicity of the formula and saves the memory compared to a large look-up table;
· The proposals of Samsung and Motorola have the same property that only LMB equal to times of N1 can be supported;
· The proposals of LGE and ITRI have the compact formulas and also support any miniband length, but the distance property of the miniband permutation is controlled by the frequency partition number for LGE and the frequency partition number plus one for ITRI. Consequently, when there is only one frequency partition, the distance is one (identity permutation) for LGE and two for ITRI, so we think that this property is a kind of disadvantage. 
We make some link simulations about these miniband permutations. The simulation environment is as following: 
Simulation Scenario:
Frequency Partition Information:

	Freq. Partition
	Num of Subbands
	Num of Minibands
	Num of PRUs

	FP0
	6
	24
	48

	FP1 ~ FP3
	0
	0
	0


Basic simulation information:
	Antenna Configuration
	2×2 Tx/Rx

	MIMO Mode
	SFBC

	Spatial Channel
	Uncorrelated MIMO (4 λ wavelength)

	Fading Channel 
	PedB 3km/h

	Channel Estimation Method
	Perfect Estimation

	Modulation Mode
	QPSK

	Coding Type
	CTC-1/2

	HARQ Mode
	HARQ Mode Disable

	Cell_ID
	0


The result shows that different miniband permutations have same performance in FER vs SNR curve.
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Figure 1 FER vs SNR

3. Evaluation on the Subcarrier Permutation
We make some link simulations about these subcarrier permutations. The simulation environment is as following: 
Simulation Scenario1:

Frequency Partition Information:

	Freq. Partition
	Num of Subbands
	Num of Minibands
	Num of PRUs in FPi

	FP0
	6
	24
	48

	FP1 ~ FP3
	0
	0
	0


Basic simulation information:

	Antenna Configuration 
	2×2 Tx/Rx

	MIMO Mode 
	SFBC

	Spatial Channel 
	Uncorrelated MIMO (4 λ wavelength)

	Fading Channel 
	PedB 3km/h

	Channel Estimation method 
	Perfect Estimation

	Modulation Mode 
	QPSK

	Coding Type 
	CTC-1/2

	Concatenation Coding
	Concatenation Mode Enable

	Coding Block Size 
	48bits

	Burst Size 
	4608bits including 96 Coding Blocks

	HARQ Mode 
	HARQ Mode Disable

	Cell_ID 
	0


The result shows that different subcarrier permutations have same performance in FER vs SNR curve.
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Now, we need to evaluate the hitting probability of these schemes.
Assuming the following parameters:
NPRU = 48, Reuse = 1, NDRU ∈ [4, 48], 0 ≤ IDCell ≤ [0,31][1], TDL = 5 (DL Subframe Number)

For two antennas, one DRU includes 48 data subcarrier-pairs, and we evaluate the probability of DRU-pairs that at least 16 subcarrier pairs collide in total 
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The results in Table 1 shows that there are remarkable hitting probability differences in different combinations of the permutation scheme and the permutation sequence.

Table 1: The probability of LRUs hit at least 16 subcarrier pairs in total 
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	DRU
	ZTE
	ITRI
	Intel
	LGE [O]
	LGE [N][3]
	Samsung
	NSN[2]

	48
	0%
	0.2016%
	0.0042%
	0.0943%
	0.1062%
	0.0255%
	

	47
	0%
	0.2085%
	0.0028%
	0%
	0%
	0.0006%
	

	46
	0%
	0.2150%
	0.0175%
	0.0219%
	0.0210%
	0.0080%
	

	45
	0.0190%
	0.2210%
	0.0513%
	0.0484%
	0.0720%
	0.0335%
	

	43
	0.0027%
	0.2316%
	0.0137%
	0%
	0%
	0.0082%
	

	42
	0.0010%
	0.2359%
	0.1695%
	0.0560%
	0.0646%
	0.0570%
	

	41
	0.0083%
	0.2394%
	0.1311%
	0%
	0%
	0.0017%
	

	40
	0%
	0.2419%
	0.2179%
	0.0486%
	0.0471%
	0.0432%
	

	39
	0.0040%
	0.2519%
	0.3004%
	0.0509%
	0.0621%
	0.0412%
	

	38
	0%
	0.2614%
	0.3188%
	0.0410%
	0.0392%
	0.0123%
	

	37
	0.0326%
	0.2704%
	0.3186%
	0%
	0%
	0.0038%
	

	36
	0%
	0.2788%
	0.0052%
	0.1641%
	0.2142%
	0.1027%
	

	35
	0.0239%
	0.2864%
	0.0095%
	0.0003%
	0%
	0.0837%
	

	34
	0.0010%
	0.2930%
	0.0262%
	0.0513%
	0.0465%
	0.0167%
	

	33
	0%
	0.2984%
	0.0574%
	0.0681%
	0.0785%
	0.0392%
	

	32
	0%
	0.3024%
	0.0945%
	0.1646%
	0.1607%
	0.0227%
	0%

	31
	0.0065%
	0.3180%
	0.1491%
	0%
	0%
	0.0055%
	

	30
	0.0134%
	0.3333%
	0.0500%
	0.0972%
	0.1094%
	0.1087%
	

	29
	0.0326%
	0.3481%
	0.1659%
	0%
	0%
	0.0062%
	

	28
	0.0325%
	0.3621%
	0.2357%
	0.0635%
	0.0618%
	0.1008%
	

	27
	0.0373%
	0.3767%
	0.5388%
	0.1264%
	0.1873%
	0.1121%
	

	26
	0.0465%
	0.3889%
	0.3985%
	0.0525%
	0.0471%
	0.3217%
	

	25
	0.0565%
	0.3981%
	0.5132%
	0.0032%
	0%
	0.0415%
	

	24
	0.0672%
	0.4032%
	0.0973%
	0.1806%
	0.2111%
	0.1512%
	

	23
	0.0789%
	0.4337%
	0.1882%
	0%
	0%
	0.0178%
	

	22
	0.1305%
	0.4632%
	0.0916%
	0.0505%
	0.0445%
	0.1014%
	

	21
	0.1751%
	0.4910%
	0.5560%
	0.0782%
	0.0889%
	0.1844%
	

	20
	0.1210%
	0.5161%
	0.3719%
	0.0827%
	0.0779%
	0.1757%
	

	19
	0.1379%
	0.5495%
	0.3630%
	0%
	0%
	0.0765%
	

	18
	0.2434%
	0.5775%
	0.6905%
	0.2763%
	0.3177%
	0.3359%
	

	17
	0.2629%
	0.5972%
	0.5965%
	0%
	0%
	0.1016%
	

	16
	0.2016%
	0.6048%
	0.7056%
	0.2867%
	0.2772%
	0.2098%
	0%

	15
	0.2554%
	0.6819%
	0.2554%
	0.1147%
	0.1344%
	0.3351%
	

	14
	0.4057%
	0.7612%
	0.3168%
	0.0864%
	0.0370%
	0.5170%
	

	13
	0.5786%
	0.8470%
	0.3877%
	0%
	0%
	0.8766%
	

	12
	0.4704%
	0.9409%
	1.0932%
	0.3416%
	0.3545%
	1.0195%
	

	11
	1.0331%
	1.0331%
	1.0331%
	0%
	0%
	0.9028%
	

	10
	1.1371%
	1.1371%
	1.1371%
	0.1673%
	0.1254%
	0.9105%
	

	9
	0.9409%
	1.2271%
	1.2221%
	1.0927%
	1.1012%
	1.3416%
	

	8
	1.2097%
	1.2097%
	1.2097%
	0.5292%
	0.1254%
	1.4264%
	0%

	7
	1.6705%
	1.6705%
	1.6705%
	0%
	0%
	2.6613%
	

	6
	2.3521%
	2.3522%
	2.3522%
	2.9681%
	3.0746%
	5.6586%
	

	5
	3.5081%
	3.5081%
	3.5081%
	0.48387%
	0.4839%
	9.0081%
	

	4
	5.6452%
	5.6452%
	5.6452%
	8.3669%
	8.3669%
	4.6069%
	14.9193%


Notes:

The results in red text are better than ZTE’s;

The results in blue text are same as ZTE’s; 

The results in black text are worse than ZTE’s

☆ In almost all NDRU lengths, ZTE’s proposal have better (or same) performance compared to the proposals of Intel and ITRI.

☆ In many cases, ZTE’s proposal have better performance compared with Samsung’s.
☆ LGE’s proposal performs better in almost half of different lengths (specially smaller DRU number), ZTE’s proposal keeps ahead in another half both in LGE’s old and latest subcarrier permutation formula. 
[1] Although the number of IDCell is equal to or more than 512, the simulation testify that there is similar uptrend with the IDCell less thant 32.
[2] NSN’s proposal has a complicated “CRU punch” process, and we do not know whether this process is adopted in 16m, so we do not simulate this punch behavior. We suppose that there are all only one FP with 2n DRU and zero CRU when simulating NSN’s scheme, and observe that the scheme on the basis of RS Code has good performance of the hitting probability test, but an important disadvantage in this scheme is that the number of LRU is only equal to 2n according to 08-1508r1 in a FP.
[3] We use the latest subcarrier permutation formula according to “LGE Permutation Update” sent by HanGyu in 02-25-2009 in LGE[N] column, and use the old formula according to 1508r1 in LGE[O] column.
4. References
[1] IEEE C802.16m-08/0010, “IEEE 802.16m Amendment Working Document”.
[2] IEEE C802.16m-08/1508r1, “Downlink physical structure”
[3] IEEE 802.16m-08/003r7, “The Draft IEEE 802.16m System Description Document”. 
[4] IEEE 802.16m-07/002r8, “802.16m System Requirements”.
Text proposal for the 802.16m amendment working document
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15.3.5.2.2 Miniband permutation
Insert the following at the end of Equation(178)
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Where  
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15.3.5.3.3 Subcarrier Permutation  
Insert the following at the end of 15.3.5.3.3 : 
f(m,s) is a function with value from the set [0, LSP,l -1]
f(m, s) = (m + 17s) mod LSP,l
g(PermSeq(),s,m,l,t) is following function with value from the set [0, LDRU, FP,i-1]
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Where PermSeq() is generated by the following steps:
a) Let p is the minimal prime that bigger than LDRU,FPi,
b) Let 
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c) Generate a list 
[image: image10.wmf](

)

(

)

(

)

(

)

(

)

{

}

2,1,2,,3,0

fpfffpf

--

L


d) For each
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e) The remaining list is the PermSeq.

-------------------------------  Text End  ---------------------------------------------------- 
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