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Clarification/Correction to MIMO midamble specification
Ji-Yun Seol, Sung-Eun Park, and Yu-Chang Eun
Samsung Electronics Co., LTD.
Background
In the draft standard IEEE 802.16 Rev2/D8, there are some remaining errors/ambiguities regarding MIMO midamble even after the prior works to correct/clarify issues. 
· There is no need to discriminate equations for MIMO_Carrier_Set between FUSC/O-FUSC/AMC and PUSC. The different equation applied only to PUSC has difference when Nt=3, of which midamble sequence cannot be supported in the current standard but only causes problem if used in practice. Thus, the same equation as for FUSC/O-FUSC/AMC should be used for PUSC (or, irrespective of the permutation type).

· According to sections 8.4.8.5.1 and 8.4.8.5.2, the MIMO midamble sequence in section 8.4.8.5.2 is applied to FUSC/O-FUSC/PUSC, while missing AMC. There is no need to separate sections for FUSC/O-FUSC and PUSC, but it would be clear to have one particular section on MIMO midamble sequence that will be referred to for all permutation types FUSC/O-FUSC/PUSC/AMC.

· The error in the equation describing the variable in equations (109) and (110) should be corrected.
· When generating a midamble sequence following the specification in the current standard, DC subcarrier should be included when numbering the sequence index but excluded by nulling it upon transmission. This is clearly specified in section 8.4.8.5 a couple of times, and is even certain after looking into the contribution IEEE C802.16e-04_290r2 which incorporated the current midamble sequence into the standard a while ago.
· The specification about applying clustering/grouping/permutation to PUSC midamble only causes confusion. Moreover, the properties of midamble sequence (e.g., PAPR)_will be broken if such process is performed to the PUSC midamble. (The midamble sequence in the current standard was designed without regard to the zone permutation.)
Following the observations above, the section/subsections on MIMO midamble should be refined to correct errors and reorganized to get rid of ambiguities in them.
Proposed Changes

[Change #1: On section 8.4.8.5 from page 1026, line 59 to page 1028, line 18, modify the paragraphs in the said section 8.4.8.5 as follows]
8.4.8.5 MIMO midamble
The MIMO midamble consists of one OFDM symbol that is mapped onto multiple antennas. nonoverlapping subcarriers are allotted to the Tx antennas.
<delete>For FUSC, optional FUSC, and adjacent subcarrier permutation, the antenna to subcarrier mapping is shown in Figure 281. </delete>The index of the subcarrier starts from the first one after the left guard band. DC subcarrier is also included in the numbering but nulled prior to transmission. The midamble carrier-set is defined using the following formula: 
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where 
Nt is the number of Tx antennas (2, 3, or 4) 
n is the antenna index (0, 1,…, Nt -1; Nt ≤ 4) 
k is the subcarrier running index 
<insert> For FUSC, optional FUSC, PUSC and adjacent subcarrier permutation, the antenna to subcarrier mapping is shown in Figure 281 for the case when Nt = 4.</insert><delete>The subcarrier to antenna mapping is depicted in Figure 281 for the case when Nt = 4.</delete> <insert>The midamble sequence has a mapping to midamble IDcell which is identical to the preamble index. </insert><delete>The midamble sequence has the identical IDcell and segment mapping as the preamble. </delete>

[image: image3.emf]
Figure 281—Midamble <delete>FUSC, optional FUSC and AMC</delete> structure (frequency domain)
<delete>For PUSC, the subchannel permutations and grouping remains same as for the data. Instead all the subcarriers are used as pilots. Only one symbol is used as the midamble. The midamble is allocated to the subcarriers and antennas as follows: 
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where 
Nt is the number of Tx antennas 
n is the antenna index 0,1,…, Nt –1 
k is the subcarrier running index
Figure 282 shows the antenna to subcarrier mapping for the case when Nt = 4. </delete>
<delete>[image: image5.emf]</delete>
[Change #2: On page 1028, lines 47~53, modify the paragraph on the description about the variables in equations (109) and (110) as follows.]
where
<insert>Nt is the number of Tx antennas (2, 3, or 4) 
n is the antenna index (0, 1,…, Nt -1; Nt ≤ 4) </insert>
<delete>
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<insert>
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</insert>
[Change #3: On page 1028, lines 20~26, move the paragraph in section 8.4.8.5.1 to the end of the section 8.4.8.5.2 with some changes indicated below. Remove the whole section 8.4.8.5.1 and renumber the following section/sub-sections in 8.4.8.5.2.]
<delete>8.4.8.5.1 Midamble sequence for PUSC 
The midamble sequence for PUSC shall be obtained from the corresponding sequence used in the FUSC or optional FUSC for the relevant FFT size and number of antennas. For PUSC, however, all the used subcarriers shall further be clustered and divided into different segments as in the data traffic region.</delete>
<delete>8.4.8.5.2</delete><insert>8.4.8.5.1</insert> Midamble sequence <delete>for FUSC and optional FUSC</delete>
The subcarrier locations and corresponding PN code BPSK modulation of subcarriers in a midamble are defined as in Equation (109) and Equation (110). <delete>The DC carrier is nulled. </delete> <insert>The DC subcarrier is also included in the numbering but nulled prior to transmission. </insert>
…
(omitted)

…
In R2(r), if the k, 1≤k≤127, can be converted into binary as b6b5b4b3b2b1b0, define b6 as the MSB, b0 as the LSB, <delete>bk</delete><insert>Bk</insert> is a <insert>(1x7)</insert> row vector to represent Bk = [b0 b1 b2 b3 b4 b5 b6]. The gu; 0≤u≤Nr-1 is uth column vector of the generator matrix G. Bk gu is <delete>an inner</delete><insert>a</insert> product of (1x7) row vector and (7x1) column vector. The generator matrix G and the permutation 
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 for each NFFT and NT are shown in <delete>8.4.8.5.2.1</delete><insert>8.4.8.5.1.1</insert> and <delete>8.4.8.5.2.2</delete><insert>8.4.8.5.1.2</insert>. 
The sequence T(k) is determined by IDcell and should be chosen to achieve low PAPR.

<delete>8.4.8.5.2.1</delete><insert>8.4.8.5.1.1</insert> PAPR reduction sequence for BS with 2 antennas
<delete>8.4.8.5.2.2</delete><insert>8.4.8.5.1.2</insert> PAPR reduction sequence for BS with 3 or 4 antennas
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