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1   Introduction
At St Louis meeting, the codebook for 2x2 close-loop precoding are agreed [1], which includes codewords for both rank-1 and rank-2 scenarios. There are 6 codewords for rank-1 and 3 codewords for rank-2. The codewords includes antenna selection operation. It is also agreed at that meeting that the feedback granularity for precoding matrices/vectors is 5 RB for bandwidth larger than 5 MHz. In [4]. some preliminary results have been presented comparing the performance of 2x2 close-loop precoding with spatial multiplexing (SM)  In this contribution, the simulation results shown in [4] are updated which include some new results for antenna selection. From the simulation it can be observed that there is no significant performance difference between rank-2 2x2 close-loop precoding and 2x2 spatial multiplexing (SM), however, for rank-1 scenario, there is certain gain of 2x2 precoding over 2x2 open-loop transmit diversity at low mobility. 
This contribution is a re-submission of contribution R1-072764.
2   System Description
Here, we consider LTE downlink wireless communication channel that consists of two transmit antennas. The receiver is a UE exploiting two receive antennas. 
In this contribution, we compare the performance of the closed loop-system and the open-loop system for the cases that node B transmits two and one data stream.
· Scenario A: Two data streams from two turbo encoders:

· Closed-Loop System:

For each 5RB, the UE selects one of the following precoding matrices which are agreed as rank-2 codebook for 2x2 precoding [1], and reports it to node B:
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For the 
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 5RB, the precdoing matrix is selected such that the following metric is minimized [3]:
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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. 
· Open-Loop System
In this case, there is no feedback from the UE to node B. The outputs of the two turbo-encoders are transmitted over the first and second transmit antennas.
· Scenario B: One data stream from one Turbo-Coder:

· Closed-Loop System:

For each 5RB, the UE selects one of the following precoding vectors agreed as rank-1 codebook for 2x2 precoding [1], and reports it to node B:
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If the power per antenna is restricted, then we use the following set of precoding matrices


[image: image14.wmf]ú

û

ù

ê

ë

é

=

0

1

2

1

1

C

,  
[image: image15.wmf]ú

û

ù

ê

ë

é

=

1

0

2

1

2

C

,  
[image: image16.wmf]ú

û

ù

ê

ë

é

=

1

1

2

1

3

C

, 
[image: image17.wmf]ú

û

ù

ê

ë

é

-

=

1

1

2

1

4

C

, 
[image: image18.wmf]ú

û

ù

ê

ë

é

=

j

C

1

2

1

5

, 
[image: image19.wmf]ú

û

ù

ê

ë

é

-

=

j

C

1

2

1

6

   (2)
For the 
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k

 5RB, the precoding vector 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 vectors are rank one and have the possibility to support one data stream.
· Open-Loop System

In this case, node B uses the Alamouti Space-Time block codes STBC [2] to transmit one data stream and exploits the maximum space transmit diversity available in the systems.
3 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 subcarries 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 nodeB and 2 at UE
· MIMO schemes: Closed Loop with three precoding matrices and Open Loop BLAST
· Channel Estimation:  Ideal Channel

· Criteria for Choosing the precdoing matrices [3]
· Delay 3ms 
4 Numerical Results
4.1 Performance Comparison in Scenario A (Two Data Streams)
Figures 1 and 2 compare the performance of the open-loop and closed-loop schemes for the TU-1 channel for QPSK and 16 QAM constellations respectively and for the code rates of 1/3 and 4/5. Both MMSE and MLD receivers are used in the simulation. As it is shown, there is no improvement in closed-loop system as compared with the open-loop system.

    A couple of reasons could be contributed to such observation as follows:

·  The precoding matrix is selected from a very small set of precoding matrices with only three options.
· Only one precoding matrix has been used for a wide bandwidth of 5 RBs or 60 sub-carries.
· The delay is considered as three frame-times (3 ms). Due to this delay, the selected precoding matrix is old at the time of utilizing at node B.

To have a better insight about the effect of feedback in the system, we have simulated the same schemes over the PA channel which is a more flat channel in frequency, As a matter of fact, the coherent bandwidth of the PA channel is much larger than that of the TU-1 channel. As depicted in Fig. 3 and Fig 4, which contain plots for QPSK and 16 QAM respectively,  the closed loop system shows some improvement for low code-rates ( e.g. 1/3) but for high code-rates ( e.g. 4/5), still no improvement is seen 
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Figure 1: Scenario A (Rank 2) Closed-Loop System vs Open-Loop System, QPSK, TU-1 Channel, MLD and MMSE Decoding, Delay 3ms, Speed 3km/h, Rate 1/3 and 4/5.
[image: image25.emf]0 5 10 15 20 25 30

10

-3

10

-2

10

-1

10

0

SNR

BLER

16QAM, TU1 Channel Model, Speed 3KM, Feedback granularity 5 RB, Delay 3ms

 

 

Closed Loop, Rate 1/3, MLD Decoding

Open Loop, Rate 1/3, MLD Decoding

Closed Loop, Rate 1/3, MMSE Decoding

Open Loop, Rate 1/3, MMSE Decoding

Closed Loop, Rate 4/5, MLD Decoding

Open Loop, Rate 4/5, MLD Decoding

Closed Loop, Rate 4/5, MMSE Decoding

Open Loop, Rate 4/5, MMSE Decoding


Figure 2: Scenario A (Rank 2) Closed-Loop System vs Open-Loop System, 16QAM, TU-1 Channel, MLD and MMSE Decoding, Delay 3ms, Speed 3km/h, Rate 1/3 and 4/5.
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Figure 3: Scenario A (Rank 2) Closed-Loop System vs Open-Loop System, QPSK, PA Channel, MLD and MMSE Decoding, Delay 3ms, Speed 3km/h, Rate 1/3 and 4/5.
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Figure 4: Scenario A (Rank 2) Closed-Loop System vs Open-Loop System, 16QAM, PA Channel, MLD and MMSE Decoding, Delay 3ms, Speed 3km/h, Rate 1/3 and 4/5.

4.2 Performance Comparison in Scenario B (One Data Stream)

In this part, we compare the following four schemes:
 (i) The closed-loop system with rank one precoding matrix, selected from a codebook of size 6 where the power per antenna on each sub-carrier is not limited for antenna selection codewords as shown in Eq (1) in Sec 2
(ii) The closed-loop system with rank one precoding matrix, selected from a codebook of size 6 where the power per antenna in each sub-carrier is limited for antenna selection codewords. See Eq (2) in Sec 2. 
(iii) Antenna selection scheme  (using antenna selection codewords with two vectors as 
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(iv) The open loop system using Alamouti space-time block  code [2]. 
The simulation results are depicted in Fig. 5 and Fig. 6 for QPSK and 16 QAM constellations, respectively. As it is shown in Fig. 5 and Fig. 6, the closed-loop system including schemes (i), (ii), and (iii)  outperform the open-loop system in all scenarios.
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Figure 5: Scenario B (Rank 1) Closed-Loop System vs Open-Loop System, QPSK, TU-1 Channel, Delay 3ms, Speed 3km/h, Rate 1/3 and 4/5.
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Figure 6: Scenario B (Rank 1) Closed-Loop System vs Open-Loop System, 16QAM, TU-1 Channel, Delay 3ms, Speed 3km/h, Rate 1/3 and 4/5.

5    Conclusion
In this contribution, simulations comparing 2x2 close-loop precoding and 2x2 open-loop schemes are presented. It can be noticed from the simulation results that for rank-2 tranmsmission, there is no noticeable performance difference between 2x2 close-loop precoding and 2x2 open loop SM transmission. This could be due to a couple of reasons, including small codebook size, large feedback granularity and so on. However, for rank-1 transmission including antenna selection, close-loop precoding shows certain gain over open-loop transmit diversity. It is believed that if rank adaptation is used in the simulation, the overall performance  of 2x2 close-loop precoding scheme could be a little better than that of the open loop scheme. However, it still has to be determined if the gain of 2x2 precoding is justifiable after the feedback overhead of close-loop scheme is  taken into account. 

It should be mentioned that the above observations are made when UE has low mobility, For UE with high mobility, the gain of close-loop precoding will disappear completely due to fast aging of channel, in this scenario, it is believed that the dynamic rank adaptation between rank-2 fixed precoding and rank-1 transmit diversity (SFBC) should be the best choice. The detail of such proposal can be found in  [5].
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