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1. Introduction

In this contribution, we introduce a generalized CDD (GCDD) scheme that can obtain the CDD gain [1-4] such as frequency diversity gain and frequency scheduling gain according to the delay sample irrespective of the number of transmit antenna and rank. In [5], we showed the GCDD performance under high mobility scenario and the results indicated that the GCDD can obtain higher performance in terms of BLER by converting space diversity into frequency diversity.

In this document, we evaluate the performance of the GCDD under low mobility scenario with frequency channel dependent scheduling and compare the link throughput performance with other SU-MIMO schemes including (S)-VAP and (S)-PARC.
2. Generalized CDD for 2Tx and 4Tx
The following figure 1 shows the generalized CDD in frequency domain. In the figure 1, each stream is transmitted through all transmit antennas by multiplying different phase sequences and all different streams are combined in each transmit antenna.
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Figure 1. Generalized CDD (GCDD) in frequency domain
Table 1 shows the GCDD for 2Tx and 4Tx in frequency domain with precoding matrix representation as an example. 
as follows.

in CDD scheme, so called Phase Shift Diversity (PSD) can be expressed as precoding scheme

























 
Table 1. Generalized CDD for 2 Tx and 4 Tx

	2 Transmit Antennas
	4 Transmit Antennas

	Rank 1
	Rank 2
	Rank 1
	Rank 2
	Rank 4
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In Table 1, 
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 denote subcarrier index and phase angles according to the delay samples respectively. The phase angle 
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. As shown in Table 1, the rank 1 GCDD precoding matrices are same as 2Tx and 4Tx CDD scheme [2]. The higher rank GCDD precoding matrices in Table 1 are designed as a unitary matrix for capacity lossless design under open-loop MIMO channel. The following figure 2 shows an 
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 transmit antenna, rank-R GCDD precoding matrix.
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Figure 2. Scalability of the GCDD

3. Selective GCDD for 4Tx with rank 2
    If the feedback information for antenna selection (AS) or precoding is available at the transmitter, we can improve the performance of the GCDD by combining AS and precoding in low mobility. In figure 2, the GCDD precoding matrix is defined by multiplying diagonal phase shift matrix and unitary matrix. Therefore, the GCDD can be easily combined with other types of MIMO scheme that can be defined as unitary matrix at the transmitter. For instance, the antenna selection scheme also can be defined unitary precoding matrices. If there are two antenna groups for 4tx with rank 2, the selective GCDD (S-GCDD) can be defined by using antenna selection precoding matrices as
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Figure 3. Selective GCDD (S-GCDD) for 4Tx with rank 2 (2 antenna group)

In figure 3, one antenna group can be selected at the transmitter according to the antenna selection index (ASI).
4. Benefit of the GCDD according to delay sample
    In this section, we briefly introduce the benefit of the GCDD according to the delay sample. The rank 2 MIMO system with multiple codeword is assumed as an example. As shown in figure 4, if we assume frequency flat fading channel, the received SINR of two codewords (CWs) can have two different levels at the receiver. In this case, the GCDD with large delay sample can convert space diversity into frequency diversity, thus each CW has similar received SINR level from layer channel averaging effect and the GCDD with small delay value can obtain the beamforming gain in the specific subband, thus obtaining frequency scheduling gain. Therefore, the GCDD can obtain both layer channel averaging gain and frequency scheduling gain according to the delay sample value.
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Figure 4. GCDD effect according to the delay sample

5. Link-level Simulation Results
In this section, the performance of GCDD under several channel environments will be shown. The simulation assumption is shown in Table 2.
Table 2. Simulation assumption
	Parameter
	Assumption

	OFDM parameters
	5 MHz (300+1 subcarriers)

	Subframe length
	0.5 ms

	Resource block size
	75 subcarriers * 5 OFDM symbol

	Channel Models
	ITU Pedestrian A, Typical Urban (6-ray)

	Mobile Speed (km/h)
	3

	Modulation schemes and channel coding rates
	QPSK (R=1/3, 1/2, 3/4)

16-QAM (R=1/2, 5/8, 3/4)

64-QAM (R= 3/5, 2/3, 3/4, 5/6)

	Channel Code
	Turbo code Component decoder : max-log-MAP

	MIMO mode
	SU-MIMO

	Resource allocation 
	Localized mode

	Codeword
	MCW

	Antenna configuration
	2x2 and 4x2

	Antenna selection option
	2 antenna groups (1bit ASI)

	Spatial correlation (Tx, Rx)
	(0%, 0%), (50%, 50%)

	MIMO receiver
	MMSE receiver

	CQI update period 
	3 TTIs

	CQI option
	Full CQI

	Channel Estimation
	Perfect channel estimation

	H-ARQ
	Bit-level chase combining

# of Maximum Retransmission : 3
# of Retransmission delay : 6 TTIs


In [5], we showed that the GCDD with large delay sample can obtain higher performance under high mobility scenarios as compared with the SM for 2x2 and the SM+CDD for 4x2. Therefore, in this contribution, we will evaluate the GCDD performance under low mobility scenario in conjunction with frequency channel dependent scheduling and antenna selection.

 5.1. 2Tx Rate-2 GCDD
 Figure 5 shows the performance of the GCDD and SU-MIMO schemes including PARC and VAP under the PedA 3km/h with antenna correlation (0%, 0%). As shown in figure 5, the performance of VAP is slightly worse than other schemes since the layer channel averaging effect reduce the frequency scheduling gain. In figure 6, we can see that the GCDD with small delay sample increase frequency scheduling gain under the highly correlated spatial channel.
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Figure 5. Link throughput performances of 2x2 SU-MIMO schemes 
under PedA 3km/h with antenna correlation (0%, 0%)
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Figure 6. Link throughput performances of 2x2 SU-MIMO schemes 

under PedA 3km/h with antenna correlation (50%, 50%)
In figure 7 and 8, we show the link throughput performance according to the SU-MIMO schemes under TU 3km/h. From figure 7 and 8, we can see that the frequency scheduling gain is reduced since the TU channel already has enough frequency diversity to obtain frequency scheduling gain. However, if antenna correlation is increased the GCDD with small delay sample can obtain higher link throughput even in the TU channel.

[image: image18.wmf]0

5

10

15

20

0

1

2

3

4

5

6

7

 

 

Throughput [Mbps]

Ior/No [dB]

[2x2, TU 3km/h]

Tx, Rx correlation 

(0%, 0%)

 GCDD (

t

=0)

 GCDD (

t

=2)

 PARC

 VAP


Figure 7. Link throughput performances of 2x2 SU-MIMO schemes 

under TU 3km/h with antenna correlation (0%, 0%)
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Figure 8. Link throughput performances of 2x2 SU-MIMO schemes 

under TU 3km/h with antenna correlation (50%, 50%)

 5.2. 4Tx Rate-2 GCDD
Figure 9 shows link throughput performance of SU-MIMO schemes including GCDD, S-GCDD, S-PARC and S-VAP under the PedA 3km/h with antenna correlation (0%, 0%). From figure 9, All SU-MIMO schemes have similar throughput performance. However, the GCDD (
[image: image20.wmf]t

=2) need not to use ASI as a feedback information, thus having less feedback overhead advantage compared to other schemes.
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Figure 9. Link throughput performances of 4x2 SU-MIMO schemes 

under PedA 3km/h with antenna correlation (0%, 0%)

    In figure 10, we can see that if the spatial correlation is introduced the S-GCDD with small delay sample can increase frequency scheduling gain.
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Figure 10. Link throughput performances of 4x2 SU-MIMO schemes 

under PedA 3km/h with antenna correlation (50%, 50%)

In the figures 11 and 12, the link throughput performance of SU-MIMO schemes is shown under TU 3km/h channel environment. As shown in the figures, if the frequency diversity is enough to obtain frequency scheduling gain, the antenna selection gain is more significant. Hence, antenna selection combined schemes outperform the GCDD scheme. In addition, under the highly correlated spatial channel as in the figure 12 the S-GCDD with small delay sample outperforms other schemes even in the rich frequency diversity channel.
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Figure 11. Link throughput performances of 4x2 SU-MIMO schemes 

under TU3km/h with antenna correlation (0%, 0%)
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Figure 12. Link throughput performances of 4x2 SU-MIMO schemes 

under TU 3km/h with antenna correlation (50%, 50%)

6. Conclusions

In this contribution, we introduced the (S)-GCDD scheme and evaluated link throughput under PedA and TU channel with low mobility by assuming a frequency channel dependent scheduling. From the link level simulation, we showed that the (S)-GCDD with small delay samples outperforms other SU-MIMO schemes in terms of link throughput under the both PedA and TU channel. The throughput gain is more significant under the highly correlated spatial channel. 

In addition, we showed the GCDD performance under high mobility assumption in [5] and the results showed that the GCDD with large delay samples can obtain higher performance as compared with SM for 2x2 and SM+CDD for 4x2. From these results, we can easily expect that the GCDD and the S-GCDD can be used for both open-loop and closed-loop with one implementation irrespective of antenna configuration and rank to obtain higher throughput. Therefore, the GCDD scheme should be considered as a downlink MIMO scheme for E-UTRA in order to reduce the number of MIMO options.
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