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1. Introduction

In this contribution, we evaluate the link performance of the layer permutation under various system and channel environment. We focus on the impact of the layer permutation on the precoding scheme and compare the performance between layer permutation scheme and no layer permutation scheme. For both schemes, we employ the CDD-based precoding [1] in which codebook based precoding scheme is combined with the phase-shift diagonal matrix.

2. CDD-based Precoding for Closed-loop
In the closed-loop system, the CDD-based precoding can be defined as shown in figure 1. The delay sample for a closed-loop system can be small to obtain frequency scheduling gain, while not causing selectivity within a subband. In the figure 1, the unitary matrix part of the CDD-based precoding can be the preferred precoding matrix which is fed back from the UE.
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Figure 1. CDD-based precoding for closed-loop

In figure 1, the 
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 denotes the preferred precoding matrix of a UE at a time 
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. If we assume the codebook based precoding, the CDD-based precoding can be represented as follows according to the rank 
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Figure 2. CDD-based precoding with codebook-based precoding

In figure 2, 
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-th precoding matrix in the codebook in which 
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 precoding matrices are available. In this document, we use the codebook-based unitary precoding matrix for 2x2 [2] and 4x2 [3].
3. Link-level Simulation Results
In this section, we evaluate the link throughput performance of layer permutation scheme and no layer permutation scheme with CDD-based precoding under SU-MIMO with rank adaptation scenario. The link-level simulation assumption in detail is shown in Table 1.
Table 1. Simulation assumption

	Parameter
	Assumption

	OFDM parameters
	5 MHz (300+1 subcarriers)

	Subframe length
	1 ms

	Resource block size
	36 subcarriers * 10 OFDM symbol

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

	Mobile Speed (km/h)
	3

	Modulation schemes and channel coding rates (24 level)
	QPSK (R=1/8, 1/6, 1/4, 1/3, 3/7, 1/2, 9/5, 5/8, 7/10, 3/4)

16-QAM (R=4/9, 1/2, 13/24, 5/8, 2/3, 3/4, 5/6)

64-QAM (R= 3/5, 5/8, 17/25, 3/4, 5/6, 9/10, 14/15)

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

	MIMO mode
	SU-MIMO with rank adaptation

	Resource allocation 
	Localized mode

	Codebook
	3bit codebooks for 2Tx [2] and 4Tx [3]

	Antenna configuration
	2x2 and 4x2

	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


3.1. Nt = 2, Nr = 2 (Max. Rate=2)
    Figure 3 and 4 show the performance comparison between layer permutation scheme and no layer permutation scheme according to the spatial correlation under PedA channel. As shown in the figures, the performance difference is marginal if we employ rank adaptation and finer MCS granularity without precoding. However, if the precoding scheme is used to increase the performance, the layer permutation scheme may slightly degrade the precoding gain. In addition, the performance difference is increased under the highly spatial correlation channel.
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Figure 3. Performance comparison under PedA channel with (0%, 0%) spatial correlation [2x2]

[image: image11.wmf]5

10

15

20

0.5

1.0

1.5

2.0

2.5

3.0

 

w/o Precoding

Throughput [Mbps]

Ior/No [dB]

[2x2, PedA 3km/h, Cor(50%, 50%), LMMSE]

 CDD-based Precoding (

t

=2)

 S-VAP

  
[image: image12.wmf]5

10

15

20

0.5

1.0

1.5

2.0

2.5

3.0

 

w/ Precoding

Throughput [Mbps]

Ior/No [dB]

[2x2, PedA 3km/h, Cor(50%, 50%), LMMSE]

no layer permutation

 CDD-based Precoding (

t

=0) + Codebook(3bit)

 CDD-based Precoding (

t

=2) + Codebook(3bit)

layer permutation

 CDD-based Precoding (

t

=0) + Codebook(3bit)

 CDD-based Precoding (

t

=2) + Codebook(3bit)


Figure 4. Performance comparison under PedA channel with (50%, 50%) spatial correlation [2x2]
     Figure 5 and 6 show the performance comparison between layer permutation scheme and no layer permutation scheme. Under the TU channel, the high frequency diversity may decrease precoding gain, thus reducing the performance difference between two schemes. However, even in the TU channel, the layer permutation slightly degrades the precoding gain as shown in the figures.
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Figure 5. Performance comparison under TU channel with (0%, 0%) spatial correlation [2x2]
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Figure 6. Performance comparison under TU channel with (50%, 50%) spatial correlation [2x2]
 3.2. Nt = 4, Nr = 2 (Max. Rate=2)
    Figure 5 and 6 show the link throughput performance under PedA channel with 3bit codebook based precoding [3] under 4x2 antenna setup. As shown in the figures, the layer permutation slightly degrades precoding gain under highly correlated channel and the CDD-based precoding gain is introduced for both schemes. 

[image: image17.wmf]5

10

15

20

1.0

1.5

2.0

2.5

3.0

3.5

 

 

Throughput [Mbps]

Ior/No [dB]

[4x2, PedA 3km/h, Cor(0%, 0%), LMMSE]

no layer permutation

 CDD-based Precoding (

t

=0) + Codebook(3bit)

 CDD-based Precoding (

t

=2) + Codebook(3bit)

layer permutation

 CDD-based Precoding (

t

=0) + Codebook(3bit)

 CDD-based Precoding (

t

=2) + Codebook(3bit)


Figure 7. Performance comparison under PedA channel with (0%, 0%) spatial correlation [4x2]
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Figure 8. Performance comparison under PedA channel with (50%, 50%) spatial correlation [4x2]

Figure 9 and 10 show the performance comparison under TU channel according the spatial correlation. As shown in the figures, the high frequency selectivity of TU channel may reduce the performance of the precoding scheme. Therefore, the performance difference is marginal.
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Figure 9. Performance comparison under TU channel with (0%, 0%) spatial correlation [4x2]
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Figure 10. Performance comparison under TU channel with (50%, 50%) spatial correlation [4x2]

3.3. Observation
In our simulation, we use 1 PMI for 3 RBs and 3bit codebook [2]-[3] with best band information as a feedback overhead scenario. In the simulation, we only allocate 3RBs to obtain throughput performance. From the results shown above, the layer permutation scheme has almost same performance without precoding scheme. However, it may slightly reduce precoding gain especially under the highly correlated frequency diversity limited channel.
4. Conclusions

In this contribution, we focused on the impact of the layer permutation on precoding scheme for SU-MIMO. From the simulation results, it was shown that layer permutation may slightly reduce the precoding gain especially under the highly correlated spatial channel. However, our previous simulation results [4] showed that if we employ reduced feedback overhead scheme, the performance trend can be changed. Therefore, we may discuss further in this meeting which gain is more important to the system between performance and feedback overhead.
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