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1   Introduction
In [1], a novel STBC-HARQ scheme was proposed for the scenario when the first transmission is 2x2 open-loop spatial multiplexing. In that scheme, the re-transmitted symbols are arranged such that they form STBC code with the pair of original symbols. Due to orthogonality within STBC code, the STBC-HARQ could bring better performance than conventional chase combining (CC) HARQ when the mobility is low and re-transmission is from the same RB.  It is recommended in [1] to adopt this new STBC-HARQ to replace the conventional CC HARQ. 
In this contribution, we further investigate another HARQ process which could enhance the performance for closed-loop precoding. The main idea is to swap the symbols during HARQ re-transmission, and therefore benefit the imbalanced eigen channels in closed-loop precoding. The simulation results shows that this simple HARQ process with swapping bring major performance gain over the conventional HARQ process for closed-loop where no swapping is applied. 
2   Proposed HARQ for 2x2 precoding

Assume 2x2 closed-loop pre-coding is implemented as follows:
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where 
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is the channel matrix, 
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is the pre-coding vector and 
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are transmitted symbols. Assume 
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can be SVD decomposed into 
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where it is assumed that 
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 During HARQ re-transmission, instead of re-transmitting the symbols in the same order as during the original transmission, they can be swapped to benefit the imbalanced singular values of the channel matrix, such that 
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For multiple-transmissions, this swapping process can be continued back and forth.
For scenario where there are more than two transmit antennas, the re-arrangement of symbols during the re-transmission will have more freedom, for example, for 4 layer transmission, the re-transmission symbol arrangement can be selected from one of the following
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while or 3 layer transmission, the re-transmission symbol arrangement can be one of the following 
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3  System Description
In the simulation, we consider LTE downlink wireless communication channel that consists of two transmit antennas. The receiver is a UE exploiting two receive antennas. 
As agreed in [2], in 2x2 precoding, for each 5RB, the UE selects one the following precoding matrices and reports it to node B:
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For the 
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 5RB, the precoding matrix is selected such that the following metric is minimized:
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where 
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is the channel matrix in the 
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sub-carrier. Note that the precoding matrices are rank two and have the possibility to support two data streams. 
4     Simulation Parameters

The following parameters are used to simulate the performance of these schemes.

· Channel bandwidth = 10 MHz

· Number of total sub-carriers = 601 (including DC)
· Sub-frame size = 2 slot  = 1 msec = 14 OFDM symbols

· FFT size = 1024

· Sampling frequency = 15.36 MHz
· Carrier frequency: 2.0 GHz
· Channel model: 
· Uncorrelated TU channel, 3 km/h

· Uncorrelated PA channel, 3 km/h

· Cyclic Prefix: 72 samples

· Data Channel assignment:

· All Subcarriers in 10 adjacent RBs ( 1 RB includes 12 adjacent sub-carriers at 14 OFDM symbols excluding the RS)

· Frequency granularity 5 RB

· Channel Coding: Turbo code of rate 1/3 and 4/5
· Modulation: QPSK and 16-QAM
· Number of antennas: 2 at node B and 2 at UE
· MIMO schemes: Closed Loop with three precoding matrices and Open-Loop special multiplexing.
· Channel Estimation:  Ideal Channel
· Speed: 3km/h

· Delay in Closed Loop: 3ms
· Delay of the HARQ: 3ms

5   Numerical Results
In this section, we compare the performance of the proposed HARQ scheme, which swaps the symbols during re-transmission, with that of the conventional HARQ scheme, where no swapping is applied.  

Figures 1 to 4 compare the performance of proposed closed-loop HARQ scheme with symbol swapping with that of conventional non-swapping HARQ scheme. Both QPSK and 16QAM Constellations with coding-rates 1/3 and 4/5 are simulated. For receiver, both MMSE and MLD decoding are used. As it is shown in all figures, the swapping HARQ scheme outperforms the non-swapping HARQ scheme. A summary of the performance comparison of the two schemes is included in Table 1. 
Table 1: Performance Comparison of the Swapping and Non-Swapping HARQ Schemes

	
	Gain of Swapping HARQ Scheme over non-Swapping HARQ Scheme

	QPSK, Rate 1/3, MLD Decoding
	2dB

	QPSK, Rate 1/3, MMSE Decoding
	4dB

	QPSK, Rate 4/5, MLD Decoding
	2dB

	QPSK, Rate 4/5, MMSE Decoding
	5dB

	16QAM, Rate 1/3, MLD Decoding
	2.2dB

	16QAM, Rate 1/3, MMSE Decoding
	3dB

	16QAM, Rate 4/5, MLD Decoding
	2.5dB

	16QAM, Rate 4/5, MMSE Decoding
	3.5dB


The reason for such an improvement can be explained as follows. If the channel matrix is imbalanced, which means that one of its singular value is much larger than the other one, in this situation, if the symbols can be swapped during the re-transmission, the symbol which experiences the weaker eigen channel at the first transmission could have the chance to experience a stronger eigen channel during the re-transmission. That could bring much higher chance of success for its re-transmission. In overall, the swapping during HARQ re-transmission bring more balanced channels for both streams for closed-loop precoding. 
[image: image29.emf]-8 -7 -6 -5 -4 -3 -2 -1 0 1 2

10

-3

10

-2

10

-1

10

0

SNR

BLER

QPSK, Rate 1/3,  TU-1 Channel, Two Streams, Closed Loop, Delay 3 ms, Not Freezing the Precoding Matrix for the  Second Trans

 

 

 MLD Decoding,  Second Trans., With Swapping

 MLD Decoding,  Second Trans., Without Swapping

 MLD Decoding,  First Trans.

 MMSE Decoding,  Second Trans., With Swapping

 MMSE Decoding,  First Trans., With Swapping

 MMSE Decoding,  Second Trans.


Figure 1: HARQ Swapping Scheme versus Non-Swapping Scheme, QPSK constellation, TU-1 Channel, MLD and MMSE Decoding, Delay 3ms, Speed 3km/h, Rate 1/3.
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Figure 2: HARQ Swapping Scheme versus Non-Swapping Scheme, QPSK constellation, TU-1 Channel, MLD and MMSE Decoding, Delay 3ms, Speed 3km/h, Rate 4/5.
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Figure 3: HARQ Swapping Scheme versus Non-Swapping Scheme, 16QAM constellation, TU-1 Channel, MLD and MMSE Decoding, Delay 3ms, Speed 3km/h, Rate 1/3.
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Figure 4: HARQ Swapping Scheme versus Non-Swapping Scheme, 16QAM constellation, TU-1 Channel, MLD and MMSE Decoding, Delay 3ms, Speed 3km/h, Rate 4/5.
6   Conclusion
In this contribution, a simple HARQ process is proposed for closed-loop precoding, where re-transmit symbols are swapped. Compared with the conventional HARQ process, where no symbol swapping is applied, the new HARQ scheme provides major performance gain, due to the fact that it fully exploits the imbalanced eigen channels in precoding. It is therefore to recommend LTE to adopt such HARQ scheme for closed-loop precoding. 
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