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1 Introduction
In this contribution, we present link-level simulation results for some candidate 8-TxD schemes in LTE-A.
2 Some Candidate 8-TxD Schemes
An obvious and easy way to construct 8-TxD schemes is to construct them reusing 4-TxD schemes. In particular, a block diagonal stacking of two 4-TxD transmit signal matrix can be an attractive option, since each block of 4-TxD signal matrix is separately detectable. Along this line, in this section, we construct a few different 8-TxD schemes constructed by reusing the 4-TxD schemes summarized in [1]. In this contribution, we consider a class of 8-TxD schemes that can rely on a detector based on an orthogonal received matrix structure, which includes SFBC and SFBC-PSD, introduced in [1].
2.1 SFBC-FSTD
The most obvious choice for 8-TxD in LTE-A is SFBC-FSTD, since it has been adopted as a 4-TxD scheme in LTE. The first eight symbols in a symbol stream are transmitted as in the following way:
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,
where each column is transmitted over a Tx antenna, while each row is transmitted over a subcarrier. 
2.2 SFBC-PSD-FSTD
SFBC-PSD can be used in 4-TxD to construct an 8-TxD scheme, in a FSTD manner. In this case, the first four symbols in a symbol stream are transmitted as in the following way:

[image: image2.wmf]ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ê

ë

é

-

-

-

-

=

-

-

k

j

k

j

k

j

k

j

x

x

k

j

k

j

k

j

k

j

FSTD

PSD

SFBC

e

s

e

s

e

s

e

s

s

s

s

s

e

s

e

s

e

s

e

s

s

s

s

s

X

2

2

1

1

2

2

1

1

*

3

4

*

4

3

*

3

4

*

4

3

2

4

2

4

*

1

2

*

2

1

*

1

2

*

2

1

0

0

q

q

q

q

q

q

q

q

.

2.3 Modified SFBC-PSD-FSTD

It has been well known that SFBC-PSD shows a worse BLER performance than SFBC-FSTD in strongly-correlated channels. Essentially, SFBC-PSD is constructed by combining CDD and SFBC, where CDD performs bad in strongly-correlated channels; CDD makes the channel gain fluctuate over subcarriers, which makes the received power very small for some subcarriers. 
SFBC-PSD can be modified so that it is robust in strongly-correlated scenarios, as in the following way:
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We may verify that this modification of SFBC-PSD still preserves the orthogonal receiver structure:
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In addition, from simple analysis, the robustness of the modified SFBC-PSD in strongly-correlated channels can be illustrated. If 
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 we obtain the received signals,
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 is nonzero, which makes sure that at least one symbol is received at an RE. Safe choices for 
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Modified SFBC-PSD can be used to construct an 8-TxD scheme, in a FSTD manner. In this case, the first four symbols in a symbol stream are transmitted as in the following way:
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2.4 Hybrid SFBC-PSD-FSTD

To construct another 8-TxD scheme, we may use SFBC and PSD together in a FSTD manner. In this case, the first six symbols in a symbol stream are transmitted as in the following way:
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3 Numerical Results
3.1 Link-Level Simulation Parameters

We summarize the parameters used for simulating the BLER performance of these schemes.
· Channel bandwidth = 10 MHz

· Sub-frame size = 2 slots  = 1 msec = 14 OFDM symbols

· FFT size = 1024

· Sampling frequency = 15.36 MHz

· Carrier frequency: 2.0 GHz

· Channel model: 

· Uncorrelated TU-6 channel, 30 km/h

· Correlated TU-6 channel, 30 km/h

· Data Channel assignment:

· All tones in 6 RBs except in the OFDM symbols containing pilots. These 6 RBs are distributed evenly over the bandwidth.

· Channel Coding: LTE Turbo code of rate 1/3 and 2/3

· Modulation: QPSK and 16-QAM

· Number of antennas: 4 or 8 at eNodeB and 2 at UE

· TxD schemes: SFBC-FSTD, SFBC-PSD-FSTD, modified SFBC-PSD-FSTD and hybrid SFBC-PSD-FSTD.
· PSD phase parameters: SFBC-PSD-FSTD(1) is the original SFBC-PSD-FSTD with 
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, while SFBC-PSD-FSTD(2) is the modified SFBC-PSD-FSTD with 
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· Channel Estimation:  Perfect CSI
3.2 BLER Performance in Uncorrelated Channels
Figure 1 shows the BLER performance of TxD schemes in uncorrelated channels. Compared to the LTE’s 4-Tx SFBC+FSTD, all the 8-TxD schemes achieve 
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 BLER at approximately 0.5-dB lower SNRs. We also note that all the 8-TxD schemes achieve similar BLER performance.
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Figure 1 BLER Performance of TxD Schemes in Uncorrelated Channels
3.3 BLER Performance in Strongly Correlated Channels

We compare the BLER performance of 8-Tx transmit diversity schemes in a correlated channel scenario. The transmit antennas are assumed to form a parallel linear array with the following channel correlation matrix.
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In Figure 2, we compare the BLER performance of TxD schemes in correlated channels with 
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. In this case, 8-Tx SFBC-PSD-FSTD(2) performs slightly better than 8-TX SFBC-FSTD. However, 8-Tx SFBC-PSD-FSTD(1) and Hybrid SFBC+PSD+FSTD(1) achieve a worse BLER performance than 4-Tx SFBC-FSTD.
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Figure 2 BLER performance of TxD schemes in correlated channels with 
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4 Conclusion
In this contribution, we compared link-level BLERs of a class of 8-TxD schemes with which orthogonal receiver can be implemented. We have the following observations from the link-level simulation results:
· All the 8-TxD schemes achieve similar BLERs in uncorrelated channels.
· Modified SFBC+PSD+FSTD achieves the best BLER among the considered 8 TxD schemes in the strongly-correlated channels. 8-Tx SFBC+FSTD performs slightly worse than the modified SFBC+PSD-based schemes. 
· Accounting for 3-dB antenna power gain of 8-Tx schemes over 4-Tx schemes in noise-limited cases, we may achieve about 3.5 dB gain in uncorrelated channels, and about 3.3 dB gain in strongly correlated channels at 
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 BLER, with perfect channel state information for demodulation.
· RS design for 8-Tx and corresponding performance evaluation under real channel estimation are FFS.
References

[1] R1-072370, “Link level simulation results in performance evaluation of TxD schemes for 4-Tx,” Nortel.









_1283150628.unknown

_1283150700.unknown

_1283150703.unknown

_1283150694.unknown

_1283150697.unknown

_1283150686.unknown

_1283150691.unknown

_1283150676.unknown

_1279698556.unknown

_1279698566.unknown

_1279703730.unknown

_1279703731.unknown

_1279703729.unknown

_1279703728.unknown

_1279698561.unknown

_1279698563.unknown

_1279698559.unknown

_1279698549.unknown

_1279698554.unknown

_1279698532.unknown

_1279222992.unknown

