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1 Introduction
Basic aspects for LTE MIMO have been agreed in the last meeting (RAN1 #42bis) [1]. It was recommended there that the number of MIMO operation modes should not be increased unnecessarily, considering a simple UE receiver architecture. So we propose the following limited number of MIMO transmission modes for E-UTRA downlink.
Suggestion for MIMO modes in E-UTRA downlink:
· Open-loop MIMO

· Rate 1: This is a basic MIMO mode.
· Rate 2: For rate 2 MIMO, at least more than or equal to 2 receive antennas are required in UE. However, its advantage is quite appealing as shown in PARC-like MIMO schemes.
· Closed-loop (multi-user) MIMO
We have already proposed a promising scheme for closed-loop multi-user MIMO transmission in the previous meeting [2]. In the rest of this paper, we propose open-loop MIMO schemes and evaluate the proposed MIMO schemes compared with the conventional other schemes.
2 Open-Loop MIMO Transmission Schemes for E-UTRA Down-Link
The important point for designing MIMO operation is to obtain the high quality of service such as low block-error rate while maintaining the low decoding complexity. There have been reported many advanced space-time or space-frequency codes optimizing the diversity and coding gains for MIMO transmission. However, most of them requires very complex MIMO receiver for obtaining the optimized performance. The practical MIMO transmission scheme with spatial rate 1 may be only Alamouti’s space-time block code (STBC), which enables a very simple maximum likelihood (ML) detector. One quite critical limitation of the Alamouti’s STBC is not to be extended to the case of more than 2 transmit antennas.
One alternative to the space-time or space-frequency encoding MIMO transmission is the cyclic delay diversity (CDD) technique [4,5]. In the case of 2 transmit antennas, the CDD is quite worse than the Alamouti’s STBC as shown in [4]. However, the CDD has advantages that it can be easily extendible to any number of transmit antennas and it enables multi-user diversity gain by frequency scheduling.

In order to obtain both space-time encoding diversity and cyclic diversity gains simultaneously, we propose the combined STBC/CDD MIMO transmission schemes depicted in Fig. 1. Here first all transmit antennas are partitioned into two groups. Within each group, the cyclic delay diversity (CDD) MIMO scheme is applied. Between the two groups, the conventional space-time or space-frequency encoding MIMO scheme are applied. Space-time or space-frequency codes to be used depend on the spatial rate. For the space-time or space-frequency codes, we suggest the Alamouti’s STBC and the spatial multiplexing code [s(2n), s(2n+1)]T for rate 1 and 2, respectively, since their good performances have been well proved. The proposed open-loop MIMO transmission schemes are summarized as follows:
Proposal for open-loop MIMO transmission schemes with more than or equal to 2 transmit antennas
· Combined STBC/CDD MIMO transmission schemes (presented in Fig. 1)
· In the space-time or space-frequency encoding block
· For Rate 1: Alamouti’s STBC
· For Rate 2: Spatial multiplexing code [s(2n), s(2n+1)]T
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Figure 1. Combined STC/CDD MIMO transmission schemes.

3 Preliminary Simulation Results: Performance Evaluation of Combined STBC/CDD Rate 1 MIMO for 4 Transmit Antennas
Here we evaluate the performance of the combined STBC/CDD rate 1 MIMO scheme for 4 transmit antennas shown in Fig. 1, compared with two other conventional schemes. The first conventional scheme is the pure STBC scheme as given by [3]
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and the second one is the pure CDD scheme [4,5].
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Figure 2. Combined STBC/CDD MIMO transmission scheme with spatial rate 1 for 4 transmit antennas.

We consider both a flat fading channel model and a TU channel model. In the case of the flat fading channel model, we assume that the allocated sub-carriers are assigned cyclic delays as given by
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where m is 1 for the combined STBC/CDD scheme and 1, 2, or 3 for the pure CDD scheme. The simulation results in a flat fading channel are shown in Figs. 3 and 4 for code rate 1/2 and 5/6, respectively. We observe that both the pure STBC and the combined STBC/CDD have quite large performance gains over the pure CDD and the combined STBC/CDD also has gains over the pure STBC especially for high code rate.
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Figure 3. Performance comparison for flat fading, QPSK, and code rate=1/2 (block size = 48 bits).
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Figure 4. Performance comparison for flat fading, 16QAM, and code rate=5/6 (block size = 480 bits).

In Figs. 5 and 6, the performance comparisons are shown for the TU channel with 5 MHz bandwidth. For preliminary simulation results, we assume that all the allocated sub-carriers are equally spaced over the whole occupied frequency band for all the three schemes. We consider the following cyclic delays:
[image: image8.wmf]()

2

[Number of allocatedsubcarriers]

0,,([Number of allocatedsubcarriers]-1)

=

 

 

m

k

k

m

k

fp

×

=

L


(3)
where D is to be chosen to maximize performance gains by considering channel condition. The best choice of D may be for further study. Here D = 41 is used for preliminary simulation results. The value of m is 1 for the combined STBC/CDD scheme and 1, 2, or 3 for the pure CDD scheme. It is observed that the performance gains of the pure STBC scheme and the combined STBC/CDD scheme over the pure CDD scheme is maintained in the TU channel model, compared with the case of the flat fading channel model. In the TU channel model, both the STBC scheme and the combined STBC/CDD scheme perform almost the same.
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Figure 5. Performance comparison for a TU channel with 5 MHz bandwidth, QPSK, and code rate=1/2 (block size = 48 bits).
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Figure 6. Performance comparison for a TU channel with 5 MHz bandwidth, 16QAM, and code rate=5/6 (block size = 480 bits).

4 Conclusion 
We draw the following conclusions for the performance of the combined STBC/CDD MIMO scheme with rate 1:

· Comparison of the combined STBC/CDD MIMO with the pure CDD MIMO
· Quite large gains achieved

· Obtaining half the added frequency diversity achieved by the pure CDD: This loss in the amount of the added diversity compared with the pure CDD is expected to be dominated by the above quite large STBC gain.
· Comparison of the combined STBC/CDD MIMO with the pure STBC MIMO
· At high SNR in a flat fading channel, some gains are achieved.
· Otherwise, the performances of the two schemes are similar.

· Frequency diversity is added, while it is not for the pure STBC. ( Performance will be more improved than the pure STBC when frequency scheduling is used.
· The combined STBC/CDD MIMO is easily extendable to any number (( 2) of transmit antennas, while the pure STBC is not.

Based on the above observations, we suggest the combined STBC/CDD MIMO transmission schemes (rate 1 and rate 2 shown in Fig. 1) for the open-loop MIMO in LTE downlink.
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