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1. Symbol parameters
(This chapter is related to “Clause 8.1.2 Symbol parameters” in the draft v0.2)
2. Superframe and Frame Structure
(This chapter is related to “Clause 8.3 Superframe and frame structure” in the draft v0.2)
Figure 1 shows the superframe and frame structure. The superframe consists of multiple frames which is equally 10ms (TBD) in length. Each frame contains preamble, header, and burst. In the first frame, the superframe preamble shall be placed at the beginning of the downstream subframe, and frame preamble immediately follows the superframe preamble. Each preamble consists of one OFDMA symbol equally. Continuously, two mandatory control headers follow the preamble to provide the essential information about the superframe (SCH) and frame (FCH). The SCH is transmitted to support the function relating to channel bonding, quiet period, AAS, coexistence with incumbents and FCC Part 74 systems employing beacon signals, selft-coexistence, and so on. The FCH specifies the length of the four (DS-MAP, US-MAP, DCD, UCD) critical downstream bursts that may immediately follow the FCH and contains the information about repetition coding on DS-MAP. In the other frames except first frame, the superframe preamble and SCH are removed within superframe. Since the size of each frame is equal to 10 ms, we can assign extra two OFDMA symbols for burst transmission. In each frame, the TTG and RTG should be inserted between the downstream and upstream and at the end of each frame, respectively, to allow the BS to turn around.
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Figure 1-Superframe and frame structure
2.1 Preamble
2.1.1 Superframe preamble

The superframe preamble of 1 OFDMA symbol is used by the CPE for synchronization, AGC tuning and channel estimation. And it will allow the robust decoding of the SCH and FCH. The structure of the superframe preamble in the frequency domain is shown in Figure 2. The PN sequence of superframe preamble is transmitted on every fourth frequency. The superframe preamble shall be modulated using BPSK modulation. In the time domain, there is 4 repetitions within FFT time as shown in Figure 3. The length of the guard interval for the superframe preamble is fixed as 
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Figure 2-Structure of superframe preamble in the frequency domain
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Figure 3-Structure of superframe preamble in the time domain
2.1.2 Frame preamble

At the first frame within superframe, frame preamble of 1 OFDMA symbol is used by the CPE for improved synchronization and channel estimation. At the other frame within superframe, frame preamble is used by the CPE for offset tracking and channel training. The structure of the frame preamble in the frequency domain is shown in Figure 4. The PN sequence of frame preamble is transmitted on every second frequency. The frame preamble shall be modulated using BPSK modulation. In the time domain, there is 2 repetitions within FFT time as shown in Figure 5. The length of the guard interval for the superframe preamble is fixed as 
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Figure 4-Structure of frame preamble in the frequency domain
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Figure 5-Structure of frame preamble in the time domain

2.1.3 Burst preamble

2.1.4 CBP preamble

2.2 Preamble sequence generation

2.3 Control header and MAP definitions

2.3.1 SCH

2.3.2 FCH

2.3.3 BCH

3. OFDMA sub-carrier allocation

(This chapter is related to “Clause 8.4 OFDMA subcarrier allocation” in the draft v0.2)
The OFDMA symbol structure contains pilot, data, and null subcarriers. The pilot subcarriers shall be periodically inserted to cope with the channel distortion, frequency offset, and phase noise, etc. The null subcarriers are inserted for the guard bands, DC subcarrier, and non-active subcarriers, and are not modulated at all. The rest of the subcarriers shall be used for transmitting the data and control messages. After allocating the pilot at the fixed subcarrier, the data subcarriers are allocated according to the distributed or adjacent subcarrier allocation rule. The subcarrier allocation of the superframe and frame preamble follows the insertion rule in the frequency domain as shown in Figure 2 and 4. The SCH, FCH, and DS/US MAP shall be allocated according to the distributed subcarrier allocation rule.
3.1 Symbol structure

Table 1-2 summarize the OFDMA PHY parameters of the downstream and upstream symbol structure, respectively. The subcarrier spacing F is dependent on the bandwidth of a single TV band (6, 7 or 8 MHz). The subcarrier spacing remains same when multiple TV bands are bonded and is equal to the corresponding single TV band subcarrier spacing. Table 1-2 show the proposed subcarrier spacing and the corresponding FFT period (TFFT) values for the different channel bandwidth options. For 2K mandatory FFT size, the number of used subcarriers is 1680. Among these, 1440 and 240 subcarriers are used for data and pilot transmission, respectively. The number of subchannel per OFDMA symbol is 30 and 60 for downstream and upstream, respectively. In the downstream direction, as shown in Table 1, each subchannel consists of 8 BINs, and each BIN consists of 6 data and 1 pilot subcarrier. Thus each subchannel is constructed of 56 subcarriers which contains 48 data and 8 pilot subcarries. In the upstream direction, as shown in Table 2, each subchannel consists of 4 BINs, and each BIN equally consists of 6 data and 1 pilot subcarrier. Thus each subchannel is constructed of 14 subcarriers which contains 12 data and 2 pilot subcarries. Regarding the bandwidth efficiency, the used bandwidth always occupies 93.8 % for the different channel bandwidth options. It always remains the same for the downstream and upstream.
Table 1-OFDMA PHY parameters of downstream symbol structure for 2K FFT size
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Table 2-OFDMA PHY parameters of upstream symbol structure for 2K FFT size
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Figure 6 shows the BIN structure as a basic allocation unit for subcarrier allocation. Each BIN contains 7 data and 1 pilot subcarrier, and the location of pilot subcarrier can be varied with the index of OFDMA symbol as shown in Figure 7.
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Figure 6-BIN structure

The pilot insertion pattern is shown in Figure 7. The pilot pattern, as described in Figure 7, is repeated in every 7 OFDMA symbols and 7 subcarriers on the time and frequency domain, respectively. The pilot pattern is always the same for different channel bandwidth options and FFT size. The pilot pattern also remains 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 7-Pilot insertion pattern

3.2 Subcarrier allocation method

The subcarrier allocation is performed using the distributed or adjacent subcarrier permutation. The distributed subcarrier permutation is used to construct the diversity subchannel with the subcarriers which are spread over the entire TV channel. The adjacent subcarrier permutation is used to construct the AMC subchannel with the adjacent subcarriers in the parts of the single TV channel. The adjacent subcarrier permutation can be only allowed with the 10dB power reduction relative to the distributed subcarrier permutation to protect the Part 74 device from the possible interference due to the adjacent subcarriers. Figure 8 is the hierarchy of the subcarrier allocation and subchannel type. 
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Figure 8-Hierarchy of the subcarrier allocation

The whole subcarriers normally can be used for only diversity subchannels by distributed subcarrier permutation. If the adjacent subcarrier permutation is used, there are both diversity and AMC subchannel in an OFDMA symbol since adjacent subcarrier permutation uses the adjacent subcarriers within the particular bands of the frequency domain. 

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 single 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, pure-diversity band and mixed band, as shown in figure 9. Each 28 subcarrier within the pure-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.
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(a) Pure diversity band
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(b) Mixed band

Figure 9-Structures of band
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 the at least one superframe.
If the CINR measurements of selected mixed band are changed, CPE can report the difference between previous and current CINR measurements with differential CINR of CMR-RSP message. When the CPE wants to use another mixed bands from the next superframe, it sends the new CINR measurements of another bands. When the BS wants to trigger the transition to AMC subchannel or update the CINR reports, it sends the CMR-REQ message. When the CPE receives the message, it replies with CMR-RSP.

3.2.1 Downstream

Based on the parameters defined in Table 4, there will be 30 subchannels each with 48 data 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 OFDMA symbol is first allocated with the appropriate pilots and with zero subcarriers, and then all the remaining subcarriers are used as data subcarriers for diversity or AMC subchannel. The subcarrier permutations for diversity subchannel and AMC subchannel are defined in 3.2.1.1 and 3.2.1.2, respectively.

3.2.1.1 Distributed subcarrier permutation (TBD, We have to fix this scheme in the coming PHY call)

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 mixed 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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             * 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 cell ID of the BS
4) Then, the first diversity subchannel consists of the first eight contiguous logical BINs, and the next diversity subchannel consists of the next eight contiguous logical BINs, and so on.
3.2.1.2 Adjacent Subcarrier allocation

After all possible pilot and zero subcarriers are allocated, each 12 adjacent data subcarriers within the four mixed bands are allocated for an AMC subchannel. The indexing 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 where are allocated to an AMC subchannel is mapped onto the 
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Where 
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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).

3.2.2 Upstream

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 two mixed bands 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 3.2.2.1 and 3.2.2.2, respectively.

3.2.2.1 Distributed Subcarrier permutation (TBD, We have to fix this scheme in the coming PHY call)

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

1) All possible zero subcarriers are first allocated. If AMC subchannels are used in the symbol, the adjacent subcarriers including the pilot subcarriers within the selected 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        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 cell ID of the BS
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.

3.2.2.2 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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   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,


per
 = IDcell mod 24


off 
 = 
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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).
4. Constellation mapping and modulation

(This chapter is related to “Clause 8.6 Constellation mapping and modulation” in the draft v0.2)
4.1 Data  modulation
The output of the bit interleaver is entered serially to the constellation mapper. The input data to the mapper is first divided into groups of NCBPC (see Table 3) bits and then converted into complex numbers representing QPSK, 16-QAM or 64-QAM constellation points. The conversion shall be performed according to Gray-coded constellation mapping, as shown in Figure 10. The mapping is done according to Gray-coded constellation mapping. The complex valued number is scaled by a modulation-dependent normalization factor KMOD.

Table 3 shows the KMOD values for the different modulation types defined in this section. The number of coded bits per block (NCBPB) and the number of data bits per block for the different constellation type and coding rate combinations are summarized in Table 4. Note that a block corresponds to the data transmitted in a single sub-channel.
Table 3-Modulation dependent normalization factor

	Modulation Type
	NCBPC
	KMOD

	QPSK
	2
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	16-QAM
	4
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	64-QAM
	6
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Table 4-The number of coded bits per block (NCBPB) and the number of data bits per block (NDBPB) for the different constellation type and coding rate combinations

	Constellation type
	Coding rate
	NCBPB
	NDBPB

	QPSK
	1/2
	96
	48

	QPSK
	3/4
	96
	72

	16-QAM
	1/2
	192
	96

	16-QAM
	3/4
	192
	144

	64-QAM
	1/2
	288
	144

	64-QAM
	2/3
	288
	192

	64-QAM
	3/4
	288
	216

	64-QAM
	5/6
	288
	240
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Figure 10-QPSK, 16QAM, and 64QAM constellation bit encoding
4.2 Preamble and pilot modulation
The preamble and pilot subcarriers shall be modulated according to the BPSK modulation, as shown in Figure 11. In the BPSK modulation, the modulation-dependent normalization factor, KMOD, is 1.
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Figure 11-BPSK constellation bit encoding
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Abstract


This document provides the normative text of the OFDMA PHY parameters for the 802.22 WRAN standard. The contents are focused on the superframe/frame structure and OFDMA subcarrier allocation method. For a consistency with the latest draft (i.e. version 0.2), some paragraphs are refered to the latest WRAN draft. The described schemes are already reached a consensus through the many face-to-face meetings and PHY teleconference call during about last one year, and are verified through the various simulations.
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