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8.6.2     Subcarrier allocation method

A sub-channel is composed of N'SDC =28 symbols (NSDC=24 data and 4 pilot) associated to an OFDMA slot (1 sub-channel by one OFDMA symbol). A sub-channel is a basic unit to define sub-channel mapping allocation in OFDMA symbols for both downlink and uplink directions. Each OFDMA symbol is formed with Nsc=60 sub-channels composed each of N'SDC non-null symbols. Sub-channels are then assigned to OFDMA sub-carrier subsets following a dedicated sub-channel arrangement. 

The Turbo-Like Interleaver (TLI) is used to interleave symbols. TLI is described by four parameters, the size, and 3 integer parameters {p,q,j } to generate the desired interleaving pattern (see annex C). Pilot insertion in each sub-channel may be performed after or before interleaving. If pilot insertion is performed after interleaving (downlink), interleaving is performed upon a block of K =NSDC x Nsc data symbols. After interleaving, the K data symbols are split into Nsc groups of NSDC contiguous symbols. Pilots are then inserted in a periodic manner in each sub-group following the pilot pattern defined in the section 8.6.1. Pilot positions vary with the index of OFDMA symbol and sub-carrier index. Nsc sub-channels assorted with pilots associated to a block of K= NSDC x Nsc data symbols are then distributed in the frequency domain to form OFDMA symbols.  DL (downlink)  sub-carrier mapping allocation method is illustrated on the Figure 115

For uplink transmission pilot insertion shall be performed before interleaving.  In this case a restriction is inforced such the block size is at least 7 OFDMA symbols long, such that each subcarrier is visited by a pilot tone. In this case, interleaving block size is equal to K'= N'SDCxNSC and successively applied upon 7 blocks of K' symbols. Interleaving is then directly followed with sub-channel generation resorting from a splitting of K'= N'SDCxNSC contiguous symbols into Nsc sub-channels. Sub-channels are then distributed in the frequency and time domain to form OFDMA symbols and generate thanks to OFDM modulator, OFDMA signals.
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Figure 115:  Sub-carrier (symbol) mapping allocation (Downlink)
Interleaving applied upon symbols before sub-channel generation is intended to ensure uncorrelated symbols within each sub-channel l and between sub-channels for any sub-channel mapping allocation (at the decoding level). The interleaving is performed using the Turbo-Like Interleaver (TLI) described in the annex C. The TLI is described by 4 parameters: 

· The interleaving block size K

· The parameters {p,q,j}  that define the permutation rule and the interleaving spreading L(s) between interleaved samples separated by s-1 samples.

The TLI algorithm L(k) is characterized by an iterative structure which allows to generate in a simple way different permutation rules by considering different itérations j of the algorithm and different parameters. The equation L(k) provides the input sample position in the output sequence located at the k-th position (Y(k)=X(L(k)). The equation L(k) is given in the section 8.6.3.

Interleaving parameters {p,q,j} are selected to maximize the interleaving spreading L(s)=Min|L(k+s)-L(s)| (see annex C) between adjacent symbols in a sub-channel and between sub-channels (that are associated with particular s values).For that purpose, we first select {p,q,j} parameters that maximize L(s) within a sub-channel for s values ranged from 1 to 4-5 . The s value range results from analysis performed in the paper [B20] where interleaving spreading between sub-carriers is achieved for neighboured sub-carriers (s<4-5). Secondly, interleaving spreading maximization between sub-channels is considered in selecting {p,q,j} parameters that maximize L(s)for s multiple of the sub-channel size, ie [s]NSDC=0. [x]y is the x modulo y operation given by [x]y=x-(Floor(x/y) y). Third, we select interleaving patterns that provide different sub-patterns from one sub-channel to another, introducing sub-pattern diversity.

Common {p,q,j}interleaving parameters fulfilling these interleaving spreading maximization requirements are the candidates to generate the appropriate interleaving pattern using the TLI algorithm L(k). The detailed structure of the TLI is shown below in the figure 116.
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Figure 1 The interleaving structure of the TLI, L(k)

8.6.2.1  Downlink Sub-carrier allocation

In the downlink, symbol mapping to OFDMA symbols is performed by:

· interleaving a block of K=1440 (24x60) data symbols using the TLI algorithm described in the annex C

· splitting interleaved data symbols (K= NSDCxNsc) into Nsc sub-groups of NSDC data symbols and inserting pilots in accordance with the pilot pattern, to generate Nsc sub-channels per block of K data symbols. Sub-channels are then distributed in the frequency domain and time domain respectively before OFDM modulator   Selected interleaving parameters {p,q,j} for the size K are given in the table XXX. 

The sub-carrier allocation in the downlink is performed using the following procedure: 

1) All null sub-carriers are first allocated;

2) Each block of K data symbols is interleaved using the TLI algorithm;

3) Interleaved data symbols are split into Nsc sub-group of data symbols (sub-channels)

4) Pilots are then inserted with respect to the pilot pattern according to the rotating pilot pattern shown in figure 159, with one pilot between every 6 data-tones, periodically.
Figure 117 shows the data symbol index assigned to sub-carriers in a sub-channel before pilot insertion  (sub-group), ie the mapping of input data symbol in a OFDMA slot. Three successive sub-channels are shown to illustrate the interleaving sub-pattern diversity associated with the selected interleaving pattern {K,p,q,j}={1440,40,2,2}.  The data symbol index range is from 0 to K-1 and is represented on the y-axis. Each L(k=l+NSDC*j) data symbol index is assigned to the l-th sub-carrier of the j-th sub-channel SC#j with j=floor(k/NSDC) and l=[k]NSDC. l is represented on the x-axis (before pilot insertion). Sub-pattern diversity is not modified by pilot insertion because pilot insertion is repeated 4 times in a sub-channel and repeated in each sub-channel associated to an OFDMA symbol. Data sub-carrier index per sub-channel is ranged from 0 to NSDC-1.
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Figure 117:   Sub-channel interleaving pattern for the Downlink Link
Figure 162 shows an example allocation for the first OFDMA symbol in a burst, where P is a Pilot tone,

9 and L(x), represents the location of the tone before permutation:
[image: image4.emf]
Figure 162 Example allocations for first OFDMA symbol in a burst
8.6.2.2 Uplink Sub-carrier allocation

In the uplink, two sub-channels are reserved for Ranging/BW requests, etc, or data bursts.  When these sub-channels are not used for control signaling, they can be used for data (here, pilots are allocated as is shown in Figure 159 – Pilot pattern)  using four offsets cycled every four successive frames to avoid systematic channel frequency nulls.  For the remaining 58 subchannels, the interleaving of symbols is performed with size K=1624, including pilots and data symbols allocated to an OFDMA symbol (58x28, pilots are included), using the TLI algorithm.
, logically and then mapped to the appropriate tone index # shown in Table 231 
Selected interleaving parameters associated to the size K' and interleaving spreading are given in the Table 211.

The sub-carrier allocation in the uplink is performed using the following procedure:
1)
 All null sub-carriers are first allocated;.

2)
 The sub-carriers of the 2 first sub-channels used for "Ranging/BW requests" are allocated using the tone index # given in Table 211 below and applying the offsets (-19, -11, +11, +19) cycled every four successive frames and starting at the beginning of each superframe, or applying the offset specified by the Permutation base UCD channel IE as indicated in Table 44 for the current frame.

3) 
Pilots are inserted in eack block of K data symbols following the pilot pattern implying 7 OFDMA symbols.. Each block of K' = N'SDC (Nsc-2) symbols is interleaved using the TLI algorithm and split into Nsc sub-channels composed of N'SDC adjacent interleaved symbols. Sub-channels are then distributed in the frequency domain.

Figure 118 shows the symbol index assigned to sub-carriers in a sub-channel including pilots. Its corresponds to the mapping of input data symbol in a OFDMA slot after interleaving. 3 successive sub-groups are considered to illustrate the interleaving sub-pattern diversity associated with the selected interleaving pattern {K,p,q,j}={1624,4,2,3}. Symbol index is ranged from 0 to K'-1 and is represented on the y-axis. Each L(k=l+N'SDC*j)  symbol index is assigned to the l-th sub-carrier of the j-th sub-channel SC#j with j=floor(k/N'SDC) and l=[k]NSDC. l is represented on the x-axis. J is varying from 0, …,Nsc-3=57. Data sub-carrier indices per sub-channel are ranged from 0 to NSDC-1.
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Figure 2 Sub-channel interleaving pattern for the UpLink
Table 1 — Tone sets for Ranging/BW request sub-channels (see D)

	Reference Tone index #

	-814
	-508
	49
	519

	-813
	-503
	111
	536

	-811
	-502
	176
	560

	-807
	-465
	224
	594

	-799
	-456
	272
	644

	-778
	-414
	307
	693

	-747
	-377
	335
	713

	-712
	-334
	378
	748

	-692
	-305
	415
	779

	-643
	-271
	457
	800

	-593
	-223
	466
	808

	-559
	-175
	503
	812

	-535
	-110
	504
	814

	-518
	-48
	509
	815


Table 2 Interleaving parameters of sub-carrier mapping allocation for DS and US

	
	Interleaving

depth 
	Interleaving

parameters
	Interleaving spreading L(s)

	DL
	K
	p
	q
	j
	s=1
	s=2
	s=4
	s=NSDC
	s= 2 NSDC

	
	1440
	40
	2
	2
	559
	322
	644
	456
	528

	UL
	K
	p
	q
	j
	s=1
	s=2
	s=4
	s= N'SDC
	s= 2 N'SDC 

	
	1624
	4
	2
	3
	743
	138
	388
	532
	560


8.6.3 Bit interleaving

The same interleaver (TLI), used for sub-carrier interleaving, shall be used to interleave encoded bits at the output of the encoder. The interleaving algorithm TLI applied upon a block of Kb bits is detailed in the annex C. For each interleaving block size Kb, the permutation rule L(k) provides the position of the input bit of the input sequence in the output sequence at the position k (Xout(k)=Xin(L(k)))

TLI  is described by the block size K and three integer parameters {p,q,j} that provide the desired interleaving pattern (L(k), k={0, …Kb-1}. The global equation of the algorithm associated with the j-th iteration of the algorithm depends on the interleaving pattern of the previous iteration (j-1), the position index of samples (k) and two integer parameters (p,q). p is the parameter giving the interleaving partition size multiple of the interleaving block size Kb and q modifies with p the interleaving spreading. The interleaving pattern for the iteration (j) is given by:
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For the iteration j=1, L(k) is expressed by : 
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Interleaving parameters {p,q,j} are selected to maximize the interleaving spreading into a multi-level criterion. 

Interleaving spreading L(s) is maximized within every data symbol and between data symbol. For that purpose, we consider particular s values to select interleaving parameters, s<NBPSC and [s]NBPSC=0 respectively. NBPSC is the number of encoded bits per data symbol. [x]y is the x modulo y operation given by [x]y=x-(Floor(x/y) y). Interleaving parameters are given in the table 3 (below).
Table 3 — Interleaving pattern description

	Coded Block
	Interleaver Parameters
	Interleaver Spreading
(informative)

	K (bits)
	p
	q
	j
	ΔL(s=1)
	ΔL(s=2)
	ΔL(s=3)
	ΔL(s=4)
	ΔL(s=6)
	ΔL(s=8)

	48
	16
	2
	2
	17
	14
	3
	20
	6
	8

	96
	3
	2
	3
	25
	46
	21
	4
	42
	8

	144
	6
	2
	3
	61
	22
	39
	44
	66
	56

	192
	3
	2
	3
	71
	50
	21
	92
	42
	8

	240
	6
	2
	3
	109
	22
	87
	44
	66
	88

	288
	3
	2
	3
	121
	46
	75
	92
	138
	104

	336
	16
	2
	3
	95
	146
	51
	44
	102
	88

	384
	6
	2
	3
	179
	26
	153
	52
	78
	104

	432
	18
	2
	1
	181
	70
	111
	140
	210
	152

	480
	16
	2
	3
	191
	98
	93
	196
	186
	88

	528
	6
	2
	3
	227
	74
	153
	148
	222
	232

	576
	36
	2
	1
	217
	142
	75
	284
	150
	8

	672
	3
	2
	2
	263
	146
	117
	292
	234
	88

	720
	12
	2
	1
	311
	98
	213
	196
	294
	328

	768
	3
	2
	3
	313
	142
	171
	284
	342
	200

	836
	22
	2
	2
	351
	134
	217
	268
	402
	300

	864
	48
	2
	1
	383
	98
	285
	196
	294
	392

	960
	6
	2
	3
	371
	218
	153
	436
	306
	88

	1008
	36
	2
	1
	361
	286
	75
	436
	150
	136

	1056
	16
	2
	3
	671
	866
	476
	831
	198
	88

	1152
	36
	2
	1
	359
	434
	75
	284
	150
	568

	1248
	3
	2
	2
	409
	430
	21
	388
	42
	472

	1344
	6
	2
	3
	589
	166
	423
	332
	498
	664

	1440
	40
	2
	2
	559
	322
	237
	644
	474
	152

	1536
	6
	2
	3
	589
	358
	231
	716
	462
	104

	1632
	3
	2
	3
	793
	46
	747
	92
	138
	184

	1680
	40
	2
	2
	559
	562
	3
	556
	6
	568

	1728
	36
	2
	1
	793
	142
	651
	284
	426
	568

	1824
	48
	2
	1
	769
	286
	483
	572
	858
	680

	1920
	48
	2
	1
	863
	194
	669
	388
	582
	776

	2016
	16
	2
	3
	767
	482
	285
	964
	570
	88

	2112
	16
	2
	3
	671
	770
	99
	572
	198
	968

	2208
	3
	2
	3
	743
	722
	21
	764
	42
	680

	2304
	16
	2
	3
	1055
	194
	861
	388
	582
	776


Figure 119.  The latency for this example implementation is 10 clock cycles.  The module can be iterated up to 3 times for j=3.  In the Figure, P.A_is the notation for  P*A_in (multiplication) gives an example implementation of the real-time generation of indices of the binary interleaving pattern, for one iteration. This may also be used for the generation of the indices for the sub-carrier allocation/interleaving
The modulo operations can be implemented using reciprocal multiplication.  An example of performing a modulo operation with reciprocal multiplication is shown below (using 3 steps):

Ex. [x]K, K= 2304 bit size : 1/2304 = Ox1C71C (Coded on 20 bits, fractional number as sum of 1/2, (½)2,(½)3,...) 


1.   x1 = x * Ox1C71C : multiplication


2.   x2 = x1 >> 20 : Shift right by 20 positions gives the quotient 


3.   x3 = x - (x2 * 2304) : remainder (or modulo)
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Figure 119:  Example implementation of the bit interleaver algorithm
Annex A (Normative) Turbo-Like Interleaving (TLI) algorithm 

1.1 Dedicated Properties

The Turbo-Like (TL) algorithm described by the equation L(k) with Y(k)=X(L(k)) is derived from an empirical approach intended to fulfill three main technical requirements:

1) Control the interleaving spreading in an algebraic way in order to generate appropriate interleaving patterns in accordance with a multi-level interleaving spreading maximization criterion. The interleaving spreading denoted L(s), is the minimum distance between samples separated by s-1 samples at the interleaving output with[image: image9.wmf]{
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. Multi-level interleaving spreading maximization is very efficient to interleave encoded bits mapped through high level modulated symbols, as well as to allocate data sub-carriers in OFDMA systems. Figure below shows the interleaving spreading functionality.
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Figure C‑1 Interleaving spreading definition and notations
2) Preserve an interleaving partitioning with a size p equivalent to a p-parallel multi-stream interleaving in order to make compatible special data multiplexing with interleaving process.

The size of the interleaving partitioning size is given by one parameter of the interleaver, the integer parameter p. This property is translated by the equation:
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This property is illustrated in Figure C‑2.
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Figure C‑2: Preservation of an interleaving partitioning with a size p

This property shall be used to respect a given ordering of data in a sub-frame where the elementary data ordering has a size set to p.

This property is also particularly interesting to respect special multi-user data mapping ordering in a sub-frame while performing interleaving that benefits for all users. Consequently, the multi-user frame shall use a single transmission scheme. The advantage of the structure is to allow a multi-stream interleaving in considering multi-user data mapping compressed into a single stream.
3) A scalable and dynamic interleaving algorithm which allows dynamic and variable permutation rules adapted to non stationary transmission channels and variable frame formats. For that purpose, we select an iterative structure with an elementary interleaver unit I included into a local loop.

The turbo transmitter structure is illustrated in Figure C‑3 considering interleaving block size K and associated {p,q,j} interleaving parameters.
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Figure C‑4: Iterative based interleaving process ( [x]y=x mody=x-(floor(x/y) y))
2.1 Mathematical description

The bloc interleaving algorithm 
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 with a size K is described by four parameters: the block size K, an integer parameter p setting the interleaving partitioning size, an integer parameter q and the iteration j that modify, in conjunction with p, the interleaving spreadingL(s).

The interleaving algorithm L(k) is characterized by an iterative structure using a basic interleaver I(k, k1) characterized by two inputs {k,k1} and one output. The input k is fed with the usual position index incremental of samples in the initial sequence k={0, 1, …K-1} and k1 is fed with the interleaving pattern issued from the previous iteration (j-1) of the algorithm 
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 (Figure 5‑4). For j-1=0, k1 is identical to k.
I(k, k1) is built on a serial combination of two algebraic functions Lo,p(k,k1) and L1,p,q(k,k1) characterized by two inputs and one output. Inputs of the function Lo,p(k,k1) are both fed with the initial k position index and k1 is the feedback of the previous iteration of the algorithm: 
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. Inputs of the function L1,p,q(k,k1) are both alimented by k and the output of the function Lo,p(k,k1) associated with the current iteration. 

The functions L0,p(k,k1) and L1,p,q(k,k1) are expressed as follow: 
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(C‑2)

These two functions are related together where the output of Lop is the input k1 of L1,p,q for the current iteration. Furthermore, for the first iteration, we take k=k1 for Lop.

For the first iteration, j=1, L0,p, L1,p,q, and L(k) are expressed, as follow: 
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(C‑3)
For the j-th iteration, we have:
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Figure C‑5: Turbo-like structure of the interleaving algorithm
The interleaving spreading 
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between samples separated with s-1 samples corresponds to lowest absolute value of the dispersion 
[image: image22.wmf]L

P(s)L(ks)L(k)

=+-

 and the function
[image: image23.wmf]L

KP(s,k)

-

 when k varies from 0 to K-1. It also coincides with the median value of the absolute value of the dispersion [B21] and depends only on s.

The interleaving spreading for the first iteration is given by
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For the iteration j, we have:
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These algebraic functions are used to select appropriate interleaving parameters following optimisation criteria.
References (to be added to draft):

[B1] Siaud.I, Ulmer-Moll A.M., "A Novel Adaptive Sup-carrier Interleaving Application to millimetre-wave WPAN OFDM System (IST MAGNET Project)," Conference IEEE Portable 2007, Orlando (USA), March 2007.
[B2] Siaud.I, Ulmer-Moll A.M., "Turbo-like Processing for Scalable Interleaving Pattern Generation: application to 60 GHz UWB-OFDM systems," ICUWB'07, Singapore, September 2007.
Abstract


Clarifications to interleaver text in Draft 2.0, sections 8.6.2 and 8.6.3.  Note that the figure and table numbering is not in line with the draft numbering and should be modified.





Notice: This document has been prepared to assist IEEE 802.22. 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 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 802.22.





Patent Policy and Procedures: The contributor is familiar with the IEEE 802 Patent Policy and Procedures 


<� HYPERLINK "http://standards.ieee.org/guides/bylaws/sb-bylaws.pdf" ��http://standards.ieee.org/guides/bylaws/sb-bylaws.pdf�>, including the statement "IEEE standards may include the known use of patent(s), including patent applications, provided the IEEE receives assurance from the patent holder or applicant with respect to patents essential for compliance with both mandatory and optional portions of the standard."  Early disclosure to the Working Group of patent information that might be relevant to the standard is essential to reduce the possibility for delays in the development process and increase the likelihood that the draft publication will be approved for publication.  Please notify the Chair as early as possible, in written or electronic form, if patented technology (or technology under patent application) might be incorporated into a draft standard being developed within the IEEE 802.22 Working Group. If you have questions, contact the IEEE Patent Committee Administrator at <� HYPERLINK "mailto:patcom@ieee.org" \t "_parent" �patcom@ieee.org�>.








































































































Submission
page 1
Siaud, Orange Labs 


_1313165961.unknown

_1319272456.unknown

_1319463315.unknown

_1319463341.unknown

_1319275807.unknown

_1319275861.unknown

_1319275946.unknown

_1319273087.unknown

_1319274392.unknown

_1313165963.unknown

_1313165965.unknown

_1313165967.unknown

_1313165962.unknown

_1313165959.unknown

_1313165960.unknown

_1313165958.unknown

