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1.1 OFDM subcarrier allocation

Among the 2048 subcarriers in each OFDM symbol, 384 subcarriers are null subcarriers (left guard band, right guard band and DC subcarrier). The remaining 1680 subcarriers are for pilot and data, which are partitioned into 60 sub-channels. A sub-channel is composed of 28 subcarriers (24 data and 4 pilot subcarriers). A sub-channel is the basic unit used for subcarrier allocation in both downstream and upstream.
In the downstream, the 240 pilot values are allocated first. A sequence of 1440 complex data values from constellation mapper are interleaved using the TLI algorithnm described in 8.6.2. These interleaved values are then allocated to the 1440 data subcarriers.

In the upstream, 2 sub-channels are reserved for opportunistic or scheduled control signaling. Among the remaining 58 sub-channels, the sub-channels allocated to the CPE are assigned with pilot values and data from constellation mapper. Other sub-channels are assigned with 0. The 1624 assigned values are interleaved using the TLI algorithm described in 8.6.2. These interleaved values are then allocated to the 1624 remaining subcarriers.
1.1.1 Pilot pattern

The pilot insertion pattern is shown in Figure 1. The pilot pattern shall be repeated every 7 OFDM symbols and 7 subcarriers in the time and frequency domains, respectively. The pilot pattern is always the same independent of the channel bandwidth. The pilot pattern shall also be the same for the downstream and upstream. In the downstream, the pilots does not participate in the interleaving procedure, and the physical representation of the pilots in the time and frequency domains is the same as in Figure 155 except for the subcarrier index (physical subcarrier indices -840, -839, …, -834 should be used instead of logical indices 0, 1, …, 6). In the upstream, the pilots participate in the interleaving procedure, they will not have the same spacing after the interleaving, and their physical representation is different from Figure 155. These pilot signals shall be used by both BS and CPE for robust channel estimation and tracking against frequency offset and phase noise. Note that the pattern described in this subclause does not apply to the CBP packet.
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Figure 1 Pilot pattern (in the logical domain before interleaving)

The pilot signals in data packet shall be BPSK modulated, as described in 8.8.2, by a pseudo random binary sequence to avoid the generation of line spectral frequencies. The polynomial for the PRBS generator shall be the same as that used for the data scrambler, as defined in 8.7.1. The PRBS generator shall be initialized by the same seed value, 0 1 1 0 1 1 1 0 0 0 1 0 1 0 1, starting with MSB on the left. The sequence shall be used for pilot subcarriers from the first symbol in a successive manner. The first 240 bits are used for pilot modulation in the first OFDMA symbol, while the next 240 bits are used for pilot modulation in the second OFDMA symbol, and so on. The first OFDMA symbol starts after the preamble in every downstream subframe, while the first OFDMA symbol starts from the initial OFDMA symbol in every upstream burst.
8.6.2 Turbo-Like Interleaving (LTI) algorithm




The LTI algorithm uses four parameters K, p, q and j to generate an permutation rule L(k). K is the interleaving block size, p and q are integers, and j specifies the number of iterative calculations in the algorithm.
For both subcarrier interleaving and bit interleaving, an input sequence is interleaved to generate an output sequence. After the interleaving, the value at index L(k) in the input sequence is relocated to index k in the output sequence. In other words, index L(k) in the input sequence corresponds to index k (
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denotes the initial index pattern, i.e., the index pattern of the input sequence. The algorithm iteratively updates the index pattern. At the output of iteration m, the index pattern can be calculated as

[image: image4.wmf][

]

[

]

K

K

k

I

p

k

p

q

k

p

K

I

m

K

q

p

m

K

q

p

mod

mod

)

(

)

1

(

,

,

)

(

,

,

-

×

-

-

×

×

+

+

-

=

.
After j times of iterations, the jth iteration output index pattern is used as the permutation rule:
[image: image5.wmf])

(

)

(

)

(

,

,

k

I

k

L

j

K

q

p

=

.

· 
· 


The performance of L(k) is characterized by the interleaving spreading depth L(k). For any indices k and k+k in the output sequence, L(k) represents the minimum distance between the corresponding indices L(k) and L(k+k) in the input sequence. L(k)  can be calculated as 
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The interleaving parameters {p,q,j} have been set to maximize the interleaving spreading depth L(k) for small values of k.














Figure 1 
8.6.3  Downstream subcarrier allocation

For each symbol in the downstream, every 4 pilot values and every 24 complex data from the constellation mapper are assigned to a sub-channel. For example, sub-channel 1 is consisted of pilot values at indices 0,…, 3 and complex data values at indices 0, …, 23; sub-channel 2 is consisted of pilot values at indices 4, …, 7 and complex data values at indices 24, …, 47.
The pilot values shall be directly allocated (without interleaving) to pilot subcarriers following the pilot pattern defined in 8.6.1. A sequence of 1440 complex data from the constellation mapper shall first be interleaved, then the interleaved data sequence shall be allocated to the data subcarriers sequentially. 
The permutation rule L(k) used for the interleaving shall be determined using the TLI algorithm described in 8.6.2 with the parameters {K,p,q,j}={1440,40,2,2} (specified in Table 4). Index L(k) in the constellation mapper output data sequence shall correspond to index k in the interleaved data sequence. Table 1 shows the relationship between the constellation mapper output sequence and the interleaved sequence for sub-channels 1, 2 and 3. In the table, constellation mapper output sequence is the input, interleaved sequence is the output.
Table 1 – Interleaving patterns for sub-channels 1, 2 and 3 in the upstream
	Sub-channel 1
	Sub-channel 2
	Sub-channel 3

	Input index
	Output index
	Input index
	Output index
	Input index
	Output index

	0
	521
	24
	65
	48
	1049

	1
	1402
	25
	946
	49
	490

	2
	843
	26
	387
	50
	1371

	3
	284
	27
	1268
	51
	812

	4
	1165
	28
	709
	52
	253

	5
	606
	29
	150
	53
	1134

	6
	47
	30
	1031
	54
	575

	7
	928
	31
	472
	55
	16

	8
	369
	32
	1353
	56
	897

	9
	1250
	33
	794
	57
	338

	0
	691
	34
	235
	58
	1219

	11
	132
	35
	1116
	59
	660

	12
	1013
	36
	557
	60
	101

	13
	454
	37
	1438
	61
	982

	14
	1335
	38
	879
	62
	423

	15
	776
	39
	320
	63
	1304

	16
	217
	40
	1201
	64
	745

	17
	1098
	41
	642
	65
	186

	18
	539
	42
	83
	66
	1067

	19
	1420
	43
	964
	67
	508

	20
	861
	44
	405
	68
	1389

	21
	302
	45
	1286
	69
	830

	22
	1183
	46
	727
	70
	271

	23
	624
	47
	168
	71
	1152





The subcarrier allocation in the downstream shall be performed using the following procedure: 

1) All null subcarriers are first allocated.
2) The pilot values are allocated to the pilot subcarriers following the pilot pattern described in 8.6.1.
3) K=1440 complex values from the constellation mapper are interleaved using the TLI algorithm with parameters {K,p,q,j}={1440,40,2,2}.
4) The interleaved data sequence is allocated sequentially to the remaining subcarriers.





Figure 162 shows an example allocation for the first OFDMA symbol in a burst, where P is a pilot subcarrier,

and L(k) represents an index in the constellation mapper output data sequence.
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Figure 162 Example allocation for the first OFDMA symbol in a burst
8.6.4 
Upstream subcarrier allocation

In the upstream, two sub-channels are reserved for opportunistic or scheduled control signaling (i.e., Ranging/BW request/UCS notification bursts) using the pre-determined subcarrier indices shown in Table 3 after the appropriate subcarrier offset has been applied as indicated below.  When these sub-channels are not used for control signaling, they can be used for data. In such case, the pilot subcarriers are logically allocated as shown in Figure 159 and then mapped to the appropriate subcarrier indices.   

Every 4 pilot values are associated with a sub-channel. For example, pilot values at indices 0,…,3 are associated with sub-channel 1, pilot values at indices 4,…,7 are associated with sub-channel 2.
For the remaining 58 sub-channels, 0 shall be assigned to all the subcarriers in the sub-channels not assigned to the CPE. For each sub-channel assigned to the CPE, the 4 associated pilot values and 24 complex data from the constellation mapper shall be assigned. For example, if sub-channel 1 and 2 are assigned to the CPE, then sub-channel 1 is consisted of pilot values at indices 0, …,3 and complex data values at indices 0,…,23; sub-channel 2 is consisted of pilot values at indices 4, …,7 and complex data values at indices 24,…,47. If sub-channel 5 and 6 are assigned to the CPE, then sub-channel 5 is consisted of pilot values at indices 16, …,19 and complex data values at indices 0,…,23; sub-channel 6 is consisted of pilot values at indices 20, …,23 and complex data values at indices 24,…,47.
Within each sub-channel assigned to the CPE, the 4 pilot values shall be inserted following the pilot pattern described in 8.6.1. Then complex data values shall be sequentially allocated to the remaining 24 logical subcarriers.

Interleaving shall be performed on the subcarriers in the 58 sub-channels. The interleaved sequence shall be allocated sequentially to the 1624 remaining physical subcarriers in the symbol. 

The permutation rule L(k) used for the interleaving shall be determined using the TLI algorithm described in 8.6.2 with the parameters {K,p,q,j}={1624,4,2,3} (specified in Table 4). Index L(k) in the interleaver input sequence shall correspond to index k in the interleaver output sequence. Table 2 shows the relationship between the interleaver input sequence and the interleaver output sequence for the case that sub-channels 1 and 2 are assigned to the CPE. In the table, 
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 represents the i’th pilot value, 
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 represents the j’th data value from the constellation mapper.
Table 2 – Example interleaving patterns in the upstream:

Sub-channel 1 and 2 are allocated to the CPE, 1st symbol in burst
	Sub-channel 1
	Sub-channel 2

	Input index
	value
	Output index
	Input index
	value
	Output index
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The subcarrier allocation in the upstream shall be performed using the following procedure:

1) All null subcarriers are first allocated.

2) The 56 subcarriers of the 2 first sub-channels used for "Ranging/BW requests/UCS notification" are allocated using the subcarrier indices given in Table 3 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 if specified for the current frame as indicated in Table 44.

3) For each sub-channel allocated to the CPE, the 4 associated pilot values are inserted following the pilot pattern described in 8.6.1. Complex data values from the constellation mapper are then sequentially allocated to the remaining 24 logical subcarriers.
4) 0 is assigned to all the sub-channels not allocated to the CPE, 
5) The 1624 assigned logical subcarriers are interleaved using the TLI algorithm with parameters {K,p,q,j}={1624,4,2,3}.

6) The interleaved sequence is allocated sequentially to the remaining 1624 subcarriers.

Table 3 

— Subcarrier indices for Ranging/BW/UCS notification request sub-channels (see xxx)

	Reference subcarrier 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 4 -- Interleaving parameters for subcarrier mapping allocation for DS, US and CBP burst

	
	Interleaving

depth 
	Interleaving

parameters
	Interleaving spreading L(Δk)

	DL
	K
	p
	q
	j
	Δk=1
	Δk=2
	Δk=4
	Δk=24
	Δk= 48

	
	1440
	40
	2
	2
	559
	322
	644
	456
	528

	UL
	K
	p
	q
	j
	Δk=1
	Δk=2
	Δk=4
	Δk= 28
	Δk= 56

	
	1624
	4
	2
	3
	743
	138
	388
	532
	560


	CBP burst
	K
	p
	q
	j
	Δk=1
	Δk=2
	Δk=4
	Δk=6
	Δk= 8

	
	720
	12
	2
	1
	311
	98
	213
	294
	328


8.6.5 Bit interleaving

The Turbo-Like Interleaving algorithm described in 8.6.2 shall be used to interleave the data bits at the output of the puncturing procedure to generate an interleaved bit sequence. The index L(k) in the bit sequence at the output of the puncturing procedure shall correspond to the index k in the interleaved bit sequence. 










Table 5 provides the supported block sizes and sets of interleaving parameters {p,q,j}. For simplicity, the parameter q is set to "2" for all binary interleaving. Table 5 also provides informative indication on the interleaving spreading depth L(k) for some k values.
Table 5 — Interleaving pattern description

	Coded Block
	Interleaver Parameters
	Interleaver Spreading
(informative)

	K (bits)
	p
	q
	j
	ΔL(Δk=1)
	ΔL(Δk=2)
	ΔL(Δk=3)
	ΔL(Δk=4)
	ΔL(Δk=6)
	ΔL(Δk=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
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�The relative index of sub-carrier  is clearly the output position Y(k)=X(L(k)). (see figure 1+ text) I updated the text above for clearifications


�Change l for n in the Figure to remove ambiguity, j was changed for m in the text to remove the ambiguity with the j of the {K,q,p,j} quadruplet.]


�The appearance of the logical index in this Figure is misleading.  Since “L(k)” is the logical index after interleaving and “k” is the logical index before interleaving, the succession of “L(0), L(1), L(3), etc. in the Figure would indicate that the output indices of adjacent input indices are also adjacent, showing an interleaving spreading of 1 for s=1.  A different notation is needed such as L with subscripts 1,2,3 etc.]


� this figure does not bring anythink and should be removed


�The implementation of the algorithm is carried out following the same procedure as sub-carrier


�This is the inverse of what is being done for subcarrier interleaving.  Is this right?  Why this inversion while the TLI is the same?]


�The implementation of the algorithm is carried out following the same procedure as sub-carrier


�Shouldn’t it be an informative Annex?  The equations and Figures in the main text should be normative and if they are sufficient for implementing the algorithm, this specific example of implementation could be informative.


�We may remove this part and make reference to paper B1 and B2 for interleaving spreading calculation.
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