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1 Introduction and Motivation (Informative)

The interleaving algorithm proposed here can be used to interleave (1) encoded bits at the binary level and (2) to allocate sub-carriers in OFDMA symbols. The same algorithm is utilized for downstream and upstream sub-carrier mapping allocation with appropriate permutations rules for these two configurations. 

The interleaving algorithm, L(k) is a turbo-based structure using an interleaving unit I(k) integrated in an iterative structure. Desired permutations rules provided by the algorithm, are generated with three integer parameters {p,q,j}. The block interleaving system 
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 is built on an iterative structure described by the interest iteration (j) and two integer parameters p and q that generate in a scalable way, desired interleaving patterns. The originality of the algorithm is to exactly control in an algebraic way the interleaving spreading 
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 between interleaved samples while preserving special data multiplexing, ensuring an equivalent multi-stream interleaving processing performed onto a single stream. 

Interleaving parameters {p,q,j} are selected to increase the interleaving spreading L(s) between adjacent samples and samples separated by s-1 samples. S values are chosen depending on the interleaving implementation and interleaving spreading criteria. In a second step, for the s ={s0, s1, …,sq} targeted values, the interleaving parameters {p,q,j} are selected to generate the appropriate interleaving pattern that make increase the interleaving spreading and satisfy technical requirements of the system.
The annex gives the technical background for the algorithm.
2 OFDMA sub-carrier allocation (Normative text)
2.1 Pilot pattern

The pilot insertion pattern is shown in Figure 1. The pilot pattern is repeated in every 7 OFDMA symbols and 7 subcarriers on the time and frequency domain, respectively. The pilot pattern is always the same independent of the channel bandwidth options and FFT size. The pilot pattern is also the same for the downstream and upstream, however, the pilots are interleaved in the upstream, while they are not interleaver in the downstream.  As a result, Figure 1 below represents the logical and physical representation of the time and frequency domains for the downstream, but only represents the logical representation of the time and frequency domain for the upstream, and not the physical, since the pilots will not have the same spacing after the interleaving.  These pilot signals shall be used by both BS and CPE for robust channel estimation and tracking against frequency offset and phase noise.
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Figure 1: Pilot pattern (in the logical domain before interleaving)
2.2 Subcarrier allocation method 

A sub-channel which is a set of 28 contiguous sub-carriers (24 data and 4 pilot) is a basic unit to define the subcarrier permutation in both downstream and upstream directions. There are 60 sub-channels in the channel. 

Sub-carrier interleaving shall use the block interleaving algorithm
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, described in this section.  Parameters that fully describe the interleaving are: K, the number of interleaved sub-carriers, p, the interleaving partition size (integer), q, an integer parameter, and j, the iteration number. 
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 is based on an interleaving function L(k), built on a serial combination of two algebraic functions L0,p and L1,p,q, characterized by two inputs and one output. Inputs of the function L0,p are fed with the input index position and the feedback of the previous iteration of the algorithm,
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, while function L1,p,q is fed with the incremental k (position index of samples 0, 1, ….K-1) and the output of the function L0,p associated with the current iteration. 

L0 and L1 functions are expressed, for j=1, as follow: 
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(1)

The interleaving algorithm expressed for the iteration j={1,2} as: 
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The extension to the j-th iteration is given by:
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(2)
2.2.1 Downstream Sub-carrier allocation
In the downstream, the interleaving is performed upon blocks of 1440 data sub-carriers (24x60). The interleaving spreading is optimized for s values ranged from 1, …., 23 and between sub-channels ([s]28=0, [s]48=0). 

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

2) The pilot sub-carriers are then allocated using a spacing of 1 every 7 sub-carriers. 

3) The interleaving pattern I(k), as described in section 2.2, shall be used with interleaving parameters {K,p,q,j} as defined in the Table 2 below. 

	Interleaving

depth 
	Interleaving

parameters
	Interleaving spreading L(s)

	K
	p
	q
	j
	S=1
	S=2
	S=4
	S=24
	S=48

	1440
	40
	2
	2
	559
	322
	644
	456
	528


Table 1: Interleaving parameters for the downstream sub-carrier mapping allocation.
2.2.2 Upstream Sub-carrier allocation
In the upstream, two subchannels 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 (pilots are allocated as is shown in Figure 1, logically and then mapped to the appropriate tone index# shown in Table 2).  The permutation is then performed upon 58 subchannels, with size K=1624 sub-carriers (58x28, pilots are included).  The interleaving spreading is optimized for s values (where s is the spacing between 2 sub-carriers before interleaving) ranging from 1, …., 23 and between sub-channels ([s]28=0, [s]48=0).  The sub-carrier allocation is performed using the following procedure: 

1)
All possible null sub-carriers are first allocated.  

2)
The sub-carriers of the 2 sub-channels used for "Ranging/BW requests" are allocated using Table 2 below. 
	Ref Tone index #
	Tone set -19
	Tone set -11
	Tone set +11
	Tone set +19

	-814
	-833
	-825
	-803
	-795

	-813
	-832
	-824
	-802
	-794

	-811
	-830
	-822
	-800
	-792

	-807
	-826
	-818
	-796
	-788

	-799
	-818
	-810
	-788
	-780

	-778
	-797
	-789
	-767
	-759

	-747
	-766
	-758
	-736
	-728

	-712
	-731
	-723
	-701
	-693

	-692
	-711
	-703
	-681
	-673

	-643
	-662
	-654
	-632
	-624

	-593
	-612
	-604
	-582
	-574

	-559
	-578
	-570
	-548
	-540

	-535
	-554
	-546
	-524
	-516

	-518
	-537
	-529
	-507
	-499

	-508
	-527
	-519
	-497
	-489

	-503
	-522
	-514
	-492
	-484

	-502
	-521
	-513
	-491
	-483

	-465
	-484
	-476
	-454
	-446

	-456
	-475
	-467
	-445
	-437

	-414
	-433
	-425
	-403
	-395

	-377
	-396
	-388
	-366
	-358

	-334
	-353
	-345
	-323
	-315

	-305
	-324
	-316
	-294
	-286

	-271
	-290
	-282
	-260
	-252

	-223
	-242
	-234
	-212
	-204

	-175
	-194
	-186
	-164
	-156

	-110
	-129
	-121
	-99
	-91

	-48
	-67
	-59
	-37
	-29

	49
	30
	38
	60
	68

	111
	92
	100
	122
	130

	176
	157
	165
	187
	195

	224
	205
	213
	235
	243

	272
	253
	261
	283
	291

	307
	288
	296
	318
	326

	335
	316
	324
	346
	354

	378
	359
	367
	389
	397

	415
	396
	404
	426
	434

	457
	438
	446
	468
	476

	466
	447
	455
	477
	485

	503
	484
	492
	514
	522

	504
	485
	493
	515
	523

	509
	490
	498
	520
	528

	519
	500
	508
	530
	538

	536
	517
	525
	547
	555

	560
	541
	549
	571
	579

	594
	575
	583
	605
	613

	644
	625
	633
	655
	663

	693
	674
	682
	704
	712

	713
	694
	702
	724
	732

	748
	729
	737
	759
	767

	779
	760
	768
	790
	798

	800
	781
	789
	811
	819

	808
	789
	797
	819
	827

	812
	793
	801
	823
	831

	814
	795
	803
	825
	833

	815
	796
	804
	826
	834 


Table 2: Tone sets for Ranging/BW request sub-channels
3)
The remaining 1624 sub-carrier indices are filled sequentially using the output of the interleaving pattern I(k), as described in section 2.2, with interleaving parameters {K, p,q,j} defined in the Table 3 below.   Ie.  The kth sub-carrier, such that I(k)=0 will be placed at index -840, the kth subcarrier, such that I(k)=1 will be placed at index -839, etc.  If an index is already occupied by a ranging or DC sub-carrier, it should be skipped over and the following index should be used. 
Table 3 also includes informative interleaving spreading distances. 
	Interleaving

depth 
	Interleaving

Parameters
	Interleaving spreading L(s)

	K
	p
	q
	j
	S=1
	S=2
	S=3
	S=4
	S=28

	1624
	4
	2
	3
	743
	138
	605
	276
	


Table 3: Interleaving parameters for the upstream sub-carrier mapping allocation
Annex 1 : Technical Background for the algorithm (informative)
The block interleaving processing with a size K consists in first reading sequentially a K sized input sequence S and writes it out in a sequence S' following a dedicated interleaving pattern given here by
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 where p and q are integer parameters of the algorithm and (j) the selected iteration providing the desired interleaving pattern. Sample index k at both output and input of the interleaving is ranged from 0 to K-1. That is, the k-th output, written to location k in the output vector, is read from location 
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 in the input vector. Interleaving processing is described by:
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Fig. A1: Interleaving procedure
The interleaving algorithm resorts from advanced studies and is set aside for fulfilling proper technical requirements. First, the maximization of the interleaving spreading between samples separated by s-1 samples is an important criterion to ensure reduced correlations at the input decoder. For that purpose, several s values are selected in a multi-level interleaving spreading maximization criterion to select interleaving patterns providing high spreading in a multi-level scale. Secondly, interleaving scrambles data and breaks special data multiplexing used to optimize system performance. We focus the interleaving design on a dedicated algorithm which preserves special data multiplexing. Technical requirements are detailed in the next section.
A.1.1 Technical requirements
A.1.1.1 The maximization of the interleaving spreading
It consists in selecting interleaving patterns 
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 , ie interleaving parameters {p, q, j} that increase the interleaving spreading given by
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Some targeted s values are considered in connection with the interleaving implementation.

The interleaving spreading 
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 and the function
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. For the iteration 1, we have:
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(9)

For the iteration j, we have:


[image: image21.wmf](j)(j)

p,q,jp,qp,q

p,q,jp,q,j1

K

P(s)I(ks)I(k)

P(s)sqp(spP(s))

-

=+-

éù

=-××+×

ëû



(10)

[image: image22.wmf]p,q,j1

K

(j)

effp,q

p,q,j1

K

sqp(spP(s))

I(s)Min

Ksqp(spP(s))

D

-

-

ìü

éù

-×+×

ëû

ïï

=

íý

éù

ïï

--×+×

ëû

îþ


These algebraic functions are used to select appropriate interleaving parameters {p,q,j} and generate desired interleaving patterns that provide the desired interleaving spreading for s targeted values.
At the binary level

L(s) maximisation in each data symbol imposes s={1,…,Ncbps-1} where Ncbps is the number of encoded bits per data sub-carrier. L(s) maximisation between adjacent sub-carriers is carried out with [s]Ncbps=0. For these targeted values, selected {p,q,j} parameters that provide the relevant permutations rules are the parameters providing the largest L(s).

At the sub-carrier level

 The interleaving spreading maximisation is processed upon successive sub-carriers within each sub-channel and between sub-channels in considering {p,q,j} parameters that provide max values of L(s) with [s]Nsub-channel_size=0.
The interleaving partitioning preservation
It  consists in keeping unchanged after the interleaving processing, a distributed p-sized data multiplexing associated with p virtual parallel streams (Fig.A1). 
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Fig. A2:  The equivalent multi-stream interleaving structure

In that way, the algorithm preserves an interleaving partitioning associated with a virtual partitioning of p independent data streams where the interleaving processing is equivalent to a fictitious p-parallel interleaving processing independently carried out on each virtual data stream (right part of Fig.1). The integer parameter p is one parameter of the interleaving proposal which provides the interleaving partitioning size. This property is translated by the equation: 
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In that way, the interleaving processing does not break dedicated data multiplexing resulting from pre and post processing. 

The basic interleaving function I(k) is characterized by two inputs and one output. One of the inputs is fed with the initial index position of the input sequence S and the second one is fed with the interleaving pattern output of the previous iteration. The interleaving pattern 
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 results from the iteration (j), p and q parameters using the same basic interleaving function I(k). The basic structure I(k) is also a serial combination of two functions Lo,p and L1,p,q characterized with two inputs and one output. 
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Fig. 3: The turbo-based interleaving structure
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Figure 1: Implementation of the interleaving proposal at the binary and sub-carrier levels













Abstract





This document presents both informative and normative text for sub-carrier allocation, include the proposed ranging sub-carrier indices and frequency permutation.  Additional information about the frequency permutation can be found in the presentation, 22-07-0400-00-000 interleaving schemes.ppt, presented in the PHY call of August 23rd 2007.   
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