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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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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) The remaining data subcarriers are physically grouped into the number of data subcarriers per bin, Nsubcarrier(= 6), along the data subcarrier index. The number of subcarriers in the physical group is equal to the number of the available bin for the diversity subchannel, NDiv_Bin. If AMC subchannel is not used, NDiv_Bin is the same as the number of total bins, (NBin=240). The number of data subcarriers for the all diversity subchannels is thus equal to Nsubcarrier ∙ NDiv_Bin. 

3) The subcarrier index of subcarrier k in logical BIN b is according to following equation.
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Where

k    
  
 is the index of subcarrier in a logical BIN, from 0 to Nsubcarrier -1

b    
   
 is the index of logical BIN, from 0 to NDiv_Bin -1
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 is the x-th element of the basic permutation sequence 
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{181, 44, 55, 83, 130, 13, 40, 175, 113, 89, 184, 41, 138, 202, 99, 106, 196, 6, 203, 219, 16, 15, 234, 32, 119, 168, 231, 86, 129, 137, 152, 57, 104, 39, 169, 124, 136, 62, 200, 22, 186, 213, 146, 188, 29, 158, 140, 17, 239, 179, 192, 135, 34, 59, 133, 149, 82, 0, 131, 7, 178, 90, 206, 156, 114, 204, 67, 176, 98, 220, 8, 150, 91, 210, 177, 132, 37, 101, 107, 11, 163, 103, 63, 153, 21, 195, 50, 171, 116, 159, 87, 221, 19, 183, 118, 174, 143, 223, 31, 122, 182, 80, 197, 5, 110, 229, 190, 2, 109, 142, 3, 72, 164, 201, 228, 42, 9, 141, 172, 60, 38, 147, 78, 77, 155, 160, 71, 70, 58, 126, 73, 115, 128, 189, 45, 25, 205, 75, 180, 157, 212, 35, 167, 215, 236, 100, 92, 154, 64, 237, 74, 95, 208, 10, 12, 68, 28, 26, 47, 76, 139, 173, 102, 148, 121, 238, 24, 224, 222, 53, 111, 134, 46, 162, 97, 211, 198, 52, 49, 23, 225, 81, 165, 48, 193, 125, 232, 84, 235, 170, 56, 230, 217, 94, 65, 54, 161, 214, 88, 30, 66, 61, 33, 1, 108, 36, 216, 144, 218, 85, 14, 51, 191, 69, 151, 18, 226, 112, 187, 27, 194, 145, 233, 79, 199, 209, 96, 227, 4, 207, 105, 166, 117, 93, 20, 185, 123, 127, 43, 120}

* If NDiv_Bin  is less than NBin (=240), the elements which are equal or larger than (NBin -1) are removed from the
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 is the ID  of base station.
4) 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.
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,




Per       = IDcell mod 48,
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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) The remaining data and pilot subcarriers are logically grouped into the number of subcarriers per bin, Nsubcarrier(= 7). In this logical grouping, each subcarrier of physical bin which has 7 adjacent subcarriers is mapped onto each logical group. 7 subcarriers of the first physical bin will be the index 0 in the each logical group, and then 7 subcarriers of the next physical bin will be the index 1 and so on. The number of subcarriers in the logical group is equal to the number of the available bin for the diversity subchannel, NDiv_Bin. If AMC subchannel is not used, NDiv_Bin is the same as the number of total bins, (NBin=240). The number of subcarriers for the all diversity subchannels is thus equal to Nsubcarrier ∙ NDiv_Bin. 

3) The subcarrier index of subcarrier k in logical BIN b is according to following equation. The subcarrier index increases along the subcarrier in the lowest logical group and continues an ascending manner throughout the subcarriers in the same logical group, then going to next logical group.
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Where

k, b, 
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 under the using of the AMC subchannels are the same as define in the section 8.5.4.
4) 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.
5) 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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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.
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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. 
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