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1.1 OFDMA sub-carrier allocation

1.1.1 BIN structure and pilot pattern

Figure 107 shows the BIN structure as a basic unit for the subcarrier allocation. Each BIN contains 6 data carriers and 1 pilot subcarrier, and the location of the pilot subcarrier varies with the index of OFDMA symbol as shown in Figure 108. 

The pilot insertion pattern is shown in Figure 108. 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. These pilot signals are used by both BS and CPE for robust channel estimation and tracking against frequency offset and phase noise.
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Figure 1 — Bin structure
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Figure 2 Pilot insertion pattern
1.1.2 Subcarrier allocation method 

The subcarrier allocation is performed using the distributed or adjacent subcarrier permutation. The distributed subcarrier permutation is used to maximize the frequency diversity of the subchannel by spreading the subcarriers over the entire TV channel. The adjacent subcarrier permutation is used to construct the AMC subchannel with adjacent subcarriers to take advantage of better propagation performance in parts of the TV channel. The adjacent subcarrier permutation can be only allowed with a 10dB power reduction relative to the distributed subcarrier permutation to protect the Part 74 device from the possible interference due to the adjacent subcarriers creating a higher power density in a narrower frequency band in the channel. Figure 109 presents the hierarchy of the subcarrier allocation and subchannel type. 
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Figure 3 —Hierarchy of The Sub-channel Type

Normally, all the subcarriers are used to constitute the diversity channels through distributed subcarrier permutation. If adjacent subcarrier permutation is used, both diversity and AMC subchannels are present in an OFDMA symbol since the adjacent subcarrier permutation uses adjacent subcarriers within particular bands of the frequency domain while the diversity subchannels use the remaining carriers within the TV channel. 

A band which is a set of 28 contiguous subcarriers is a basic unit to define the adjacent subcarrier permutation in both downstream and upstream. The number of bands will be 60 in the TV channel. The CPE reports the CINR measurement to the BS by the unit of band. There are two types of band to support the distributed and adjacent subcarrier permutation, diversity band and AMC band, as shown in figure 9. Each 28 subcarrier within the diversity band is used for the distributed subcarrier permutation. The mixed band is composed of two types of subcarriers. The 14 subcarriers in the middle of the mixed band are used for adjacent subcarrier permutation. Two 7-subcarriers at the both sides of the mixed band are used for distributed subcarrier permutation such that the diversity gain can be obtained. The 28 adjacent subcarriers of the AMC band are used for constructing an AMC subchannel with the adjacent subcarrier permutation.
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(a) Diversity band
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(b) AMC band
Figure 4 —Structure of bands

In the case of using the AMC subchannel, the adjacent subcarriers within the mixed bands first are allocated to the AMC subchannels, and then the remaining subcarriers of the entire frequency domain are allocated to the diversity subchannels. All CPE can be aware of the index of all selected mixed bands for AMC subchannel from the DS-MAP and US-MAP. The CPE using the adjacent subcarrier permutation can be aware of the index of mixed bands assigned to construct its AMC subchannel from the DS_MAP_IE. 

The CPE sends CMR-RSP message to the BS to request the usage of the AMC subchannel. This message includes the CINR measurements of several best bands. The BS acknowledges the request by assigning the bands selected by the BS to the CPE from the first frame of the next superframe. The bands for AMC subchannel are assigned at the fixed position on every frame within at least one superframe.

If the CINR measurements of selected mixed band change, CPE can report the difference between the previous and current CINR measurements with differential CINR with the CMR-RSP message. When the CPE wants to use another mixed bands for the next superframe, it sends the new CINR measurement result for another band. When the BS wants to trigger the transition to a new AMC subchannel or update the CINR reports, it sends the CMR-REQ message. When the CPE receives the message, it replies with CMR-RSP.

1.1.3 Sub-carrier allocation in downstream (DS)

There are 60 subchannels with 24 data subcarriers each. The subchannel indices are firstly assigned to the AMC subchannel if it is used and then to the diversity subchannel from the lowest index. The OFDMA symbol is first allocated with the null subcarriers and appropriate pilots, and then all the remaining subcarriers are used as data subcarriers for AMC or diversity subchannel. The subcarrier permutations for diversity subchannel and AMC subchannel are defined in 8.5.3.1 and 8.5.3.2 respectively.  

1.1.3.1 Distributed subcarrier permutation 

The distributed subcarrier permutation in the downstream is performed using the following procedure: 

1) All possible pilot and zero subcarriers are first allocated. If AMC subchannel is used in the symbol, the adjacent data subcarriers within the selected AMC bands are next allocated. 

2) Once the number of  total AMC subchannels is determined (NAMC), the remaining data subcarriers, K= 24*(60 NAMC) shall be distributed in the remaining channel bandwidth   Pilots are not interleaved
3) Interleaving shall use the block interleaving algorithm
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.  Parameters that fully describe the interleaving are: 
K, the number of interleaved sub-carriers
p, the interleaving partition size (integer)
q, an integer parameter
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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(6)
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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(7)
The selected interleaving parameters are summarized below.  Three sets of parameters are given, to support a dynamic implementation of the algorithm where three successive permutations rules (Pa, Pb, Pc) are successively implemented in a periodic pattern for successive OFDM symbols in the OFDMA downlink structure.
	Interleaving 
Permutation
	Interleaving

depth K
	Interleaving

parameters

	
	 
	p
	q
	j

	Pa
	1440
	40
	2
	2

	Pb
	1440
	10
	2
	3

	Pc
	1440
	32
	2
	3


Table 1: Interleaving parameters for the DS sub-carrier allocation (need to fill out remaining set of K).
3) 














4) 
1.1.3.2 Adjacent Subcarrier allocation

After all possible null and pilot subcarriers are allocated, each 12 adjacent data subcarriers within the four mixed bands are allocated for an AMC subchannel. The indexing of the subcarriers within the AMC subchannels is performed starting from the lowest adjacent data subcarrier from the lowest mixed band and continuing an ascending manner throughout the subcarriers in the same mixed band, then going to next mixed band. The lowest adjacent data subcarrier within the lowest mixed bands is the first subcarrier of the AMC subchannel of which index is 0, next one is 1 and so on. Data subcarriers shall be indexed from 0 to 47. The j-th symbol of the 48 symbols allocated to an AMC subchannel is mapped onto the 
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Where 
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 is the j-th element of the left cyclic shifted version of basic sequence 
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Basic sequence defined in GF(72): {01, 22, 46, 52, 42, 41, 26, 50, 05, 33, 62, 43, 63, 65, 32, 40, 04, 11, 23, 61, 21, 24, 13, 60, 06, 55, 31, 25, 35, 36, 51, 20, 02, 44, 15, 34, 14, 12, 45, 30, 03, 66, 54, 16, 56, 53, 64, 10} in hepta-notation,
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 mod 49. This field is an element of GF(72).

The addition between two element in GF(72) is component-wise addition modulo 7 of two representation. For example, (56) + (34) in GF(72) = (13).

After all possible null and pilot subcarriers are allocated, the 24 adjacent data subcarriers within a AMC band are allocated for an AMC subchannel. The indexing of the subcarriers within the AMC subchannels is performed starting from the lowest adjacent data subcarrier and continuing an ascending manner throughout the subcarriers in the AMC band. The lowest adjacent data subcarrier is the first subcarrier of the AMC subchannel of which index is 0, next one is 1 and so on. Data subcarriers shall be indexed from 0 to 23. The j-th symbol of the 24 symbols allocated to an AMC subchannel is mapped onto the 
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 is the j-th element of the left cyclic shifted version of basic sequence 
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Basic sequence defined in GF(52): { 01, 22, 40, 10, 34, 24, 32, 04, 11, 23, 33, 44, 21, 13, 31, 42, 20, 02, 14, 43, 12, 30, 03, 41} in hepta-notation,
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 mod 24. This field is an element of GF(52) and BS_ID means the ID of the BS.
The addition between two element in GF(52) is component-wise addition modulo 5 of two representation. For example, (34) + (42) in GF(52) = (21).
1.1.4 Sub-carrier allocation in downstream (US)

Based on the parameters defined in Table 5, there will be 60 subchannels each with 28 data and pilot subcarriers. The subchannel indices are firstly assigned to the diversity subchannel from the lowest index and then to the AMC subchannel if it is used. The symbol is first allocated with zero subcarriers and with a set of 28 adjacent subcarriers including the four pilot subcarriers within the AMC band for the AMC subchannel if it is used. Then all the remaining data and pilot subcarriers are used for the diversity subchannel. The subcarrier permutations for diversity subchannel and AMC subchannel are defined in 8.5.4.1 and 8.5.4.2 respectively.

1.1.4.1 Distributed Subcarrier permutation
The distributed subcarrier permutation in the upstream is performed using the following procedure: 

1) All possible null subcarriers are first allocated. If AMC subchannels are used in the symbol, the adjacent subcarriers including the pilot subcarriers within the selected AMC bands are next allocated.

2) Once the number of  total AMC subchannels is determined (NAMC), the remaining data subcarriers, K= 28*(60 NAMC) shall be distributed in the remaining channel bandwidth   Pilots are interleaved.
3) 
4) 



5) 

The interleaving pattern I(k), as described in section A.1.1.2, shall be used with interleaving parameters {p,q, j} as defined in the Table 2 below. 
	Interleaving
set up
	Interleaving

depth K
	Interleaving

parameters

	
	
	p
	q
	j

	Permutation
	1680
	21
	2
	3


Table 2: Interleaving parameters for the US sub-carrier allocation (need to fill out remaining set of K)
6) Then, the first diversity subchannel consists of the first four contiguous logical BINs, and the next diversity subchannel consists of the next four contiguous logical BINs, and so on.
7) The 24 data symbols are orderly mapped onto the 24 data subcarriers except for the 4 pilot subcarriers in the diversity subchannel.

1.1.4.2 Adjacent Subcarrier allocation
After all zero subcarriers are allocated, each 14 adjacent data and pilot subcarriers within the two mixed bands are allocated for an AMC subchannel. After allocating the pilot carriers within each mixed band, indexing the data subcarriers within the AMC subchannels is performed starting from the lowest adjacent data subcarrier from the lowest mixed band and continuing an ascending manner throughout the subcarriers in the same mixed band, then going to next mixed band. The lowest adjacent data subcarrier within the lowest mixed bands is the first data subcarrier of the AMC subchannel of which index is 0, next one is 1 and so on. Data subcarriers shall be indexed from 0 to 23. The j-th symbol of the 24 symbols where an AMC subchannel is allocated is mapped onto the 
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Where 
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Basic sequence defined in GF(52): { 01, 22, 40, 10, 34, 24, 32, 04, 11, 23, 33, 44, 21, 
13, 31, 42, 20, 02, 14, 43, 12, 30, 03, 41} in hepta-notation,
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 mod 25. This field is an element of GF(52).

The addition between two element in GF(52) is component-wise addition modulo 5 of two representation. For example, (34) + (42) in GF(52) = (21).

After all null subcarriers are allocated, the 28 adjacent data and pilot subcarriers within an AMC band are allocated for an AMC subchannel. After allocating the pilot carriers within an AMC band, indexing of the data subcarriers and mapping of the 24 data symbol shall be performed with the same rules as defined in the section 8.5.4.2.
Annex 1 : Technical Background for the interleaving 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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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.
1.1.5 Technical requirements
1.1.5.1 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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(9)

For the iteration j, we have:


[image: image50.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: image51.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
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Abstract


This document includes the resolutions relating to the decision which the number of subchannels in the DS will be 60 and the mixed band will be changed to the AMC band.














�The whole session updated based on ETRI’s “OFDMA PHY” normatic text proposal, together with some amendament from Gerald later. 


�Has been defined in the DS_MAP_IE?
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