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1. Introduction

Current draft standard [1] lacks the efficient methods for data and pilot allocation for OFDMA systems with
multiple antennas in the sense that space time coding (STC) operates on the mapped subchannels rather than
modulated symbols. When transmit diversity schemes are employed for subchannels that are rather long in time, the
channel estimation at the receiver performs poorly. Furthermore, there could be potentially a long latency to decode
at the receiver. Furthermore, data and pilot mapping for multiple antennas are not defined for UL in the optional
permutation zones.

In this contribution, STC enhancements with multiple antennas at BS and SS for optional zones for downlink and
uplink for OFDMA PHY are proposed. Pilots and data allocation methods are described and the transmission
schemes for 2 and 4 antenna BS are also suggested for the downlink and the uplink.

Current draft standard [1] provides MIMO operation for two optional permutation zones, FUSC and AMC, in the
downlink, but lacks STC features for UL in the optional permutation zones, i.e., optional PUSC and AMC
subchannels. In this contribution, STC enhancements for the optional zones in the uplink for OFDMA PHY are
proposed, where pilots and data allocation methods are described and are justified by simulation results. In addition,
some clarification is made for STC operation in general, and an effort to clarify data allocation for the downlink is
made.

2. Data and Pilot Allocation

2.1. Optional FUSC and AMC for Downlink

[Replace the section 8.4.8.3 in page 96 of [1] as follows]

8.4.8.3  STC for the optional zones in the downlink

Two optional zones for the downlink, the optional FUSC and the optional AMC zones, are described in 8.4.6.1.2.3 and
8.4.6.3 [2], respectively. STC may be used to improve system performance for these zones and an example of transmit
diversity (TD) with 2 tx and 1 rx is shown in Figure aaa. Subcarrier mapping block in the figure denotes data truncation, if
needed, pilot insertion and IFFT input packing.
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 Figure aaa - Illustration of STC for optional zones in DL

8.4.8.3.1  Allocation of pilot subcarriers

For 2-antenna BS, all pilots in the even symbols shall be allocated for antenna 0 whereas all pilots in the odd symbols
shall be allocated for antenna 1. The positions of pilots in the odd symbols are further switched with those of data
subcarriers whose locations coincide with pilots in the previous symbol. This is shown in Figure bbb.

Pilot for Ant 0

Shifted pilot for Ant 1

Original pilot for Ant 0

Figure bbb -  Pilot allocation for 2-antenna BS for the optional FUSC and the optional AMC zones

For 4-antenna BS with more than 2 antennas, pilot pattern shall first be changed as in the 2-antenna BS case, and then the
neighboring two subcarriers shall be further punctured allocated to pilots for other antennas. 2 and 3 as is shown in  Figure
ccc shows the pilot allocation scheme for 4-antenna BS.   
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Figure ccc -  Pilot allocation for 4-antenna BS for the optional FUSC and the optional AMC zones

8.4.8.3.2  Allocation of data subchannels

In the optional FUSC zone with transmit diversity (TD) mode, the data subchannels shall be allocated for two consecutive
OFDMA symbols.  For the optional AMC zone and TD mode, the data subchannels shall be either 1x6 (1 bin in 6
symbols) or 3x2 (3 bins in 2 symbols) bin combination.
For transmit diversity (TD) mode with rate one, data subchannels shall be allocated as the following manner:

In the optional FUSC zone the data subchannels shall be allocated for two consecutive OFDMA symbols for 2 Tx using
space-time block code (STBC). See 8.4.8.3.3. For 3 Tx and 4 Tx TD transmission mode, the data subchannel shall be
allocated for two consecutive OFDMA symbols using two subcarriers. See 8.4.8.3.4 and 8.4.8.3.5.

In the optional AMC zone for 2-antenna TD transmission, the data subchannels shall be either 1x6 (1 bin for 6 symbols)
or 3x2 (3 bins for 2 symbols) bin combination. For more than 2 antenna TD transmission, the data subchannels shall take
2x6 (2 bins for 6 symbols) format, in which 4 consecutive data symbols shall be frequency-time mapped using 2 adjacent
subcarriers for 2 OFDMA symbols. When the subcarrier pair (over two symbols) at frequency k+1 is allocated to pilots,
then the pair at frequency k+3 shall be jointly encoded with the pair at frequency k. See 8.4.8.3.4 and 8.4.8.3.5.

2.2. Optional PUSC and AMC for Uplink

Simulation results of STC for optional PUSC and AMC subchannels in the uplink are shown in this section,
which provide rationality for the proposed pilot and data allocation schemes.

For the uplink PUSC performance, two pilot allocation schemes are considered and their transmit diversity
performances for 2x2 (2 Tx – 2 Rx) are compared with 1x2 SIMO in Figure 2, 3 and 4. Case 1 in the Figures
indicates no data puncturing so that the pilot overhead is 1/18 per antenna (Figure 1)
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Figure 1  Pilot Allocation Scheme for mini-subchannel type 01 : Case 1

Case 2 is shown in Figure ddd where data subcarriers are punctured so that pilot density is increased to 1/9. In
this case CTC or any other coding scheme is bound to suffer from puncturing loss. The purpose of simulation is
two-fold: to show the transmit diversity gain over non-TD mode and to verify whether the improved channel
estimation by added pilots can overcome the puncturing loss. The channel estimation method for this case is done
by simple combining of two pilots for each mini-subchannel, and each pilot is boosted by 2.5 dB. In addition, for
each MCS level, normalization error by a frame delay is introduced in order to capture the time variation of the
channel.

Uplink Tile - PEDESTRIAN A 3km/h

0.0001

0.001

0.01

0.1

1

-7 -2 3 8 13
SINR(dB)

PE
R

SIMO(QPSK 1/12) SIMO(16QAM 2/3) Case 1 (QPSK 1/12)

Case 1 (QPSK 1/2) Case 1 (16QAM 2/3) Case 2 (QPSK 1/12)

Case 2 (QPSK 1/2) Case 2 (16QAM 2/3)

Figure 2  Packet Error Rate of SIMO and MIMO (TD), uplink PUSC, CTC in Ped A 3 km/h
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Figure 3  Packet Error Rate of SIMO and MIMO (TD), uplink PUSC, CTC in Ped B 10 km/h
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Figure 4  Packet Error Rate of SIMO and MIMO (TD), uplink PUSC, CTC in Veh A 60 km/h

Figure 5, 6 and 7 compares the uplink band AMC performances of two channel estimation schemes, where 1x6 (1
bin over 6 OFDMA symbols) format is used.  Method 0 uses the same estimation technique as the uplink PUSC
mini-subchannels and method 1 has the additional sliding window in the frequency domain inside 1x6 subchannel.
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Figure 5 Packet Error Rate of 2x2 MIMO (TD), 1x6 AMC format, CTC, Ped A 3 km/h
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Figure 6 Packet Error Rate of 2x2 MIMO (TD), 1x6 AMC format, CTC, Ped B 10 km/h
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Figure 7 Packet Error Rate of 2x2 MIMO (TD), 1x6 AMC format, CTC, Veh A 60 km/h

2.2.1. Specific Text Changes

[Add a new section 8.4.8.4]

8.4.8.4  STC for the optional zones in the uplink

Two optional zones in the uplink, the optional PUSC and the optional AMC zones, are described in 8.4.6.2.5 and
8.4.6.3[2], respectively. STC may be used to improve system performance for these zones. Furthermore, two single
transmit antenna SS’s can perform collaborative spatial multiplexing onto the same subcarrier.

8.4.8.4.1  Allocation of pilot subcarriers

For 2-antenna SS and the optional PUSC, pilots for each antenna shall be allocated as shown in Figure ddd.
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Figure ddd - Uplink pilot allocation for 2-antenna SS for the optional PUSC zones

For 2-antenna BS and the optional AMC, all pilots in the 1st ,2nd , 5th and 6th  symbols shall be allocated for antenna 0, 1.
This is shown in Figure eee.
For 2-antenna SS and the optional AMC, all pilots in the 1st, 5th  symbols shall be allocated for antenna 0, while pilots in
the 2nd and 6th  symbols shall be allocated for antenna 1. This is shown in Figure eee.

 

Antenna 0 
Pattern A

Antenna 1 
Pattern B

Pilot subcarrier Null subcarrier Data subcarrier

Figure eee -  Uplink pilot allocation for 2-antenna SS for the optional AMC zones

Two single transmit antenna MSSs can perform collaborative spatial multiplexing onto the same subcarrier. In this case,
one MSS should use uplink pilot allocation with pattern-A, and the other MSS should use the uplink pilot allocation with
pattern-B.

8.4.8.4.2 Allocation of data subchannels

In the uplink optional PUSC zone with transmit diversity (TD) mode, the data subchannels shall be allocated for mini
subchannel (type 01) as shown in Figure eee. For the optional AMC zone with TD mode, the data subchannels shall take
1x6 (1 bin in 6 symbols) or 3x2 (3 bins in 2 symbols) bin combination format.
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