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Data Mapping for SFBC
Xiaolong ZHU, Dong LI, Hongwei YANG, Keying WU
Alcatel Shanghai Bell

1 Introduction

In the current 16m SDD [1], space-frequency block coding (SFBC) is accepted as one of transmit diversity schemes for both downlink and uplink. This contribution presents the detailed data mapping for SFBC. The proposed data mapping aligns well with the one specified for space-time block coding (STBC) in legacy 802.16e systems as shown in Figure 1 (cf. Figure 274 in [2]). More specifically, the legacy STBC encoder (or decoder) can be reused for 802.16m SFBC by only adjusting the mapping (or de-mapping) pattern.
[image: image8.emf]
Figure 1 ---- Data mapping example for STBC in legacy 802.16e systems [2].

2 Data mapping for downlink SFBC
The downlink physical structure is defined in Section 11.5. The downlink open-loop single-user transmit diversity schemes are defined in 11.8.2.1.1.1, as follows [1]:
· 2Tx rate-1: For M=2, SFBC, and for M=1, a rank-1 precoder

· 4Tx rate-1: For M=2, SFBC with precoder, and for M=1, a rank-1 precoder

· 8Tx rate-1: For M=2, SFBC with precoder, and for M=1, a rank-1 precoder

For the transmit diversity modes with M=2, the input to the MIMO encoder is x=[s1;s2], and the MIMO encoder generates the following SFBC matrix
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where the row indicates the index of transmit antennas, the column indicates the index of subcarriers, and the superscript “*” denotes complex conjugate.

The 2-stream pilot pattern A is shown in Figure 2 (cf. Figure 40 in [1]), and the pilot locations are expressed by
Pilot Location for Stream #0 = 18*k – 8*mod(m+2,3) + 16
Pilot Location for Stream #1 = 18*k – 8*mod(m+2,3) + 17
Where m = [symbol index], symbol index 0 is the first symbol in which the STC zone is applied, k is the LRU index numbering from 0. That is, symbol index shall be reset to 0 when a new STC zone is applied. The first subcarrier of the first LRU is numbered from 0.
If 2-stream interlaced pilot pattern A is used (cf. Figure 41 in [1]), then m = mod([symbol index] - [cyclic shift], 6), where cyclic shift = 0,1,2 for the three interlacing patterns, respectively.

For the type-1 subframe containing one idle symbol, the last OFDM symbol in Figure 2 is replaced with an idle symbol. For the type-2 subframe, the first OFDM symbol in Figure 2 is added as the 7th symbol.
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Figure 2 ---- Pattern A for 1 or 2 pilot streams.
The modulated data symbols shall be sequentially mapped for two transmit antennas in LRU-first order. The mapping inside one LRU continues first in an ascending manner along the subcarriers of the first OFDM symbol and then proceeds to the next OFDM symbol in time. When the LRU boundary is reached, the mapping proceeds to the next LRU. An illustration of the mapping rule for two transmit antennas is shown in Figure 3, assuming six OFDM symbols in one LRU. For the type-1 subframe containing one idle symbol, the last OFDM symbol in Figure 3 is replaced with an idle symbol. For the type-2 subframe containing seven symbols, the data mapping is illustrated in Figure 4.
By comparing Figures 3~4 with Figure 1, we can see that the presented data mapping for SFBC aligns well with the one specified for STBC in legacy 802.16e systems. Consequently, the legacy encoder and decoder of STBC can be reused for SFBC by only adjusting the data mapping and de-mapping patterns.
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Figure 3 ---- Data mapping example of SFBC for 2Tx antennas with six OFDM symbols in one LRU.
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Figure 4 ---- Data mapping example of SFBC for 2Tx antennas with seven OFDM symbols in one LRU.

3. Data mapping for uplink SFBC
According to the current SDD [1], the downlink 18x6 pilot pattern shown in Figure 2 is also applicable to the uplink 18x6 pilots. Therefore, the data mapping rule for SFBC illustrated in Figures 3~4 can also be used for the uplink. 

In addition, for the 6x6 uplink tile (cf. Figure 45 in [1]) and the uplink physical structure for legacy support (cf. Figures 46~47 in [1]), we can define the data mapping for SFBC similarly based on the following rule: The modulated data symbols shall be sequentially mapped for two transmit antennas in LRU-first order. When the LRU boundary is reached, the mapping proceeds to the next LRU. The mapping inside one LRU is performed in tile-first order and inside one tile the mapping continues first in an ascending manner along the subcarriers of the first OFDM symbol and then proceeds to the next OFDM symbol in time. When the tile boundary is reached, the mapping proceeds to the next tile.
4. Proposed SDD text

------------------------------------------- Start of Proposed SDD Text ------------------------------------------------------

11.8 DL MIMO Transmission Scheme

11.8.2.1.1 Open-loop SU-MIMO

11.8.2.1.1.1 Transmit Diversity
……
The MIMO encoder generates the SFBC matrix
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, Equation 6
Then the output of the MIMO encoder is multiplexed by NTx2 matrix W, where W is described in section 11.8.2.1.1.

The 2-stream pilot pattern A is shown in Figure 40, and the pilot locations are expressed by

Pilot Location for Stream #0 = 18*k – 8*mod(m+2,3) + 16

Pilot Location for Stream #1 = 18*k – 8*mod(m+2,3) + 17

Where m = [symbol index], symbol index 0 is the first symbol in which the STC zone is applied, k is the LRU index numbering from 0. That is, symbol index shall be reset to 0 when a new STC zone is applied. The first subcarrier of the first LRU is numbered from 0. 

If 2-stream interlaced pilot pattern A is used as shown in Figure 41, then m = mod([symbol index] - [cyclic shift], 6), where cyclic shift = 0,1,2 for the three interlacing patterns, respectively.

The modulated data symbols shall be sequentially mapped for two transmit antennas in LRU-first order. The mapping inside one LRU continues first in an ascending manner along the subcarriers of the first OFDM symbol and then proceeds to the next OFDM symbol in time. When the LRU boundary is reached, the mapping proceeds to the next LRU. An illustration of the mapping rule for two transmit antennas is shown in Figure x, assuming pilot pattern A with up to seven OFDM symbols in one LRU. For the general type-1 subframe, the seventh OFDM symbol is removed in Figure x. For the type-1 subframe containing one idle symbol, the seventh OFDM symbol is removed and the sixth OFDM symbol in Figure x is replaced with an idle symbol.
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Figure x ---- Data mapping example of SFBC for 2Tx antennas using pilot pattern A with up to 7 OFDM symbols in one LRU.
11.12 UL MIMO Transmission Scheme
11.12.2.1.1 Open-loop SU-MIMO
11.12.2.1.1.1 Transmit Diversity

……
The MIMO encoder generates the SFBC matrix
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, Equation 14
Then the output of the MIMO encoder is multiplexed by NTx2 matrix W, where W is described in section 11.12.2.1.1.

The downlink 18x6 pilot pattern shown in Figure 40 is also applicable to the uplink 18x6 pilots. The data mapping rule for SFBC illustrated in Figure x is also used for the uplink. 

For the 6x6 uplink tile and the uplink physical structure for legacy support, the data mapping for SFBC is defined similarly. The modulated data symbols shall be sequentially mapped for two transmit antennas in LRU-first order. When the LRU boundary is reached, the mapping proceeds to the next LRU. The mapping inside one LRU is performed in tile-first order and inside one tile the mapping continues first in an ascending manner along the subcarriers of the first OFDM symbol and then proceeds to the next OFDM symbol in time. When the tile boundary is reached, the mapping proceeds to the next tile.
------------------------------------------- End of Proposed SDD Text ------------------------------------------------------
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