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1 Introduction
In this contribution, we provide the link performance of the precoded-CDD [1] scheme for the shared data channel with and without spatial multiplexing. The precoded-CDD scheme employs CDD approach in conjunction with unitary precoding. We also compare the performance of the precoded-CDD scheme against other transmit diversity schemes such as  FSTD and SFBC with and without precoding. The comparative link result assumes a fixed precoding used in the simulation of these transmit diversity schemes. The performance of the precoded-CDD scheme for common control channel is given in [2].
2 Transmit diversity schemes
In this section, we describe the precoding schemes applied to transmit diversity signals. It should be noted that the precoding is fixed and therefore there is no need for any additional signalling to indicate the precoding. We used fixed Fourier-based 2x2 and 4x4 precoders for the case of 2-Tx and 4-Tx antennas case. 
2.1 CDD Precoding
We assume that CDD is implemented in the frequency-domain. In this case, the composite precoder combines CDD delay based phase shifts with the Fourier-based precoding as below.
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In case of CDD transmit diversity transmission for the case of 2 transmit antennas, the normalized symbol column matrix S containing the same symbols is multiplied with the transpose of the composite precoding matrix C to give a column vector T of symbols transmitted from the 2 physical antennas. The symbols transmitted from the two physical antennas, T1 and T2 are given as below.
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It should be noted that the pre-coded CDD employs delays in the beam (virtual antenna) domain rather than the physical antennas domain. Also, the same result is achieved if instead of using transpose of the composite matrix, we obtain the composite precoder with CT=P X D instead of C=D X P as below.
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In case of CDD transmit diversity transmission for the case of 4 transmit antennas, the normalized symbol column matrix S containing the same symbols is multiplied with the transpose of the composite precoding matrix C to give a column vector T of symbols transmitted from the 4 physical antennas as below.
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2.2 SFBC Precoding

In case of SFBC for 2-Tx antennas case, the symbols transmitted from the two antennas and two adjacent subcarriers are given as:
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Where T11 and T21 denote the symbols transmitted from antenna 1 and 2 on the first subcarrier and T12 and T22 denote the symbols transmitted from antenna 1 and 2 on the second subcarrier within a group of 2 subcarriers.
2.3 FSTD Precoding

In case of FSTD for 2-Tx antennas case, the symbols transmitted from the two antennas and two adjacent subcarriers are given as:
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Where T11 and T21 denote the symbols transmitted from antenna 1 and 2 on the first subcarrier and T12 and T22 denote the symbols transmitted from antenna 1 and 2 on the second subcarrier within a group of 2 subcarriers.

In case of FSTD transmission for the case of 4 transmit antennas, the symbols transmitted from 4 transmit antennas on four subcarriers are given as:
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2.4 Precoded-CDD for Spatial Mutilpexling
In case of spatial multiplexing of 4 streams in a 4x4 system, the normalized symbol column matrix S is multiplied with the composite precoding matrix C to give a column vector T of symbols transmitted from the physical antennas. 
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Where T1, T2, T3 and T4 are the symbols transmitted from the four physical antennas. 
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Figure 4: Precoding with composite matrix C for spatial multiplexing of 4 streams in a 4x4 MIMO system

In this contribution, we provide link simulation results for a 2x2 spatial multiplexing case. In case of spatial multiplexing of 2 streams in a 2x2 system, the normalized symbol column matrix S is multiplied with the composite precoding matrix C to give a column vector T of symbols transmitted from the 2 physical antennas as below. 
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3 Link Performance 
3.1 Simulation Assumptions

The simulations assumptions are summarized in Table 1. 

Table 1 Link simulation parameters

	Parameter
	Details

	Transmission  Bandwidth
	10 Mhz

	NFFT
	1024

	Usable sub-carriers
	200

	Sub-carrier spacing
	15 kHz

	Subframe duration
	0.5ms

	Number of OFDM symbols per sub-frame
	5 (data)

	Number of sub-channel (RB)
	8 for transmit diversity

4 for spatial multiplexing

	RB size (sub-channel)
	25 tones

	Channel Model
	SCM-Urban Macro

	Mobile Speed
	120 Km/Hr

	Turbo Code
	1/3,  2/3, Max-Log , 8 Iteration

	Modulation
	QPSK

	HARQ
	None

	CDD Delay
	128 

	Transmit Diversity Scheme
	CDD, SFBC, FSTD

	Baseline
	1x2

	Number of RX antenna
	2

	Chanel Estimation
	Ideal


3.2 Link Simulation Results on Transmit Diversity Scheme
The link performance for the case of 2-Tx antennas is given in  Figure 1 and Figure 2 for the case of precoding and no-precoding. The performance for 4-Tx antennas with and without precoding  is given in Figure 3. The link results are summarized in Table 2 below. The performance of CDD is improved by 0.1dB with precoding for the case of 4-Tx. However, the performance of FSTD is degraded by 0.1dB with precoding for the case of  4-Tx. We note that best of CDD and FSTD schemes, that is, CDD with precoding and FSTD without precoding perform similarly. SFBC provide 0.2 dB gain over FSTD and CDD for the case of 2-Tx antennas. 
Table 2 Transmit diversity schemes link performance comparison

	Transmit diversity scheme
	Gain (dB) at 1% BLER (2-Tx)
	Gain (dB) at 1% BLER (4-Tx)

	
	Without

Precoding
	With

Precoding
	Without

Precoding
	With

Precoding

	Baseline (1x2)
	0
	0
	0
	0

	CDD
	1.0
	1.0
	1.1
	1.2

	FSTD
	1.0
	1.0
	1.2
	1.1

	SFBC
	1.2
	1.2
	N/A
	N/A



[image: image11]
Figure 1 Link performance of CDD, SFBC and FSTD transmit diversity schemes for 2-Tx antennas case without precoding, QPSK, rate=1/3

[image: image12]
Figure 2 Link performance of CDD, SFBC and FSTD transmit diversity schemes for 2-Tx antennas case with precoding, QPSK, rate=1/3


[image: image13]
Figure 4 Link performance of CDD and FSTD transmit diversity schemes for 4-Tx antennas case with and without precoding
3.3 Link Simulation Results on Spatial Mutiplexing Scheme
The link performance results for 2-stream spatial multiplexing are shown in Figure 5. We used a QPSK modulation with 1/3 and 2/3 coding rates. Also, we assumed 128 samples delay for precoded-CDD. It can be seen that at 1% BLER, precoded-CDD can provide about 5.0dB improvement in link performance for 1/3 coding rate and about 3.0dB improvement for 2/3 coding rate. Note that SNR in x-axis is Signal to Noise Ratio per symbol and per received antenna. 
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Figure 5 Link performance of precoded-CDD for 2-stream spatial multiplexing
4 Conclusion
We provided a link performance comparison of transmit diversity schemes for the downlink shared data channel. 

· We noted that best of CDD and FSTD schemes, that is, CDD with precoding and FSTD without precoding perform similarly. 
· SFBC provide 0.2 dB gain over FSTD and CDD for the case of 2-Tx antennas. 
Both CDD and FSTD schemes scale with the number of transmit antennas. The SFBC scheme does not scale with the number of transmit antennas until unless it is combined with other schemes such as CDD and FSTD. 

We also noted that precoded-CDD scheme can be used for spatial multiplexing to further improve performance at higher speeds or for delay-sensitive services. We observed approximately 3dB and 5dB gain with precoded-CDD for QPSK-2/3 and 1/3 coding rate respectively for the case of 2-streams spatial multiplexing in a 2x2 system. It should be noted that SFBC scheme couldn’t be combined with spatial multiplexing for 2-streams transmission in a 2x2 system. In the light of the results presented in this contribution and considering the gains precoded-CDD provide in spatial multiplexing case, we recommend to use precoded-CDD for the shared data channel in Evolved UTRA.
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