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1. introduction

Multiple Input Multiple Output (MIMO) has been considered as one of the key techniques to achieve high data rates, throughput and spectrum efficiency requirements in E-UTRA [1,2]. Two kinds of MIMO techniques, i.e. open-loop and closed-loop as described in [3], can be also applied in the categories of MIMO in LTE. In closed loop MIMO, a receiver feeds the channel transfer function back to the corresponding transmitter. Open-loop MIMO generally does need not this kind of feedback, or can make use of limited feedback information, such as a Channel Quality Indicator (CQI).  If the reliability and capacity of the feedback channel can be ensured, closed-loop MIMO has high potential gains over open-loop.  

Coding techniques are also an important method to combat channel fading and interferences in E-UTRA [2]. Turbo coding is currently suggested for consideration, and alternative coding schemes could also be considered if significant benefits can be shown in terms of complexity and/or performance. 

2. coded mimo-ofdm schemes for LTE

In this proposal, we present an open-loop Coded MIMO OFDM scheme, namely Spatial Temporal Turbo Channel Coding (STTCC) [4]. The scheme combines channel coding (trellis/turbo), modulation and spatial multiplexing together to achieve high data rate and performance, and is effective with a small number of receive antennas. This includes the case of only one receive antenna, to meet the weight, size and battery consumption requirements of the terminal. 
We also present a closed-loop Coded MIMO OFDM scheme. 

2.1 Open-loop STTCC MIMO OFDM
The block diagram of the Open-loop Coded MIMO OFDM system is shown in Fig.1. In the transmitter, the information stream is encoded to form multiple sub-streams by a spatial temporal frequency encoder. The output signals are interleaved and sent into an OFDM modulator. The spatial temporal frequency encoder has the function of allocating multiple data streams to multiple transmit antennas and multiple sub-carriers in OFDM. In the receiver, after an OFDM demodulator, the signals are de-interleaved and fed to the spatial temporal frequency decoder for final data decision with the help of channel estimation results. Multiple receive antennas can achieve higher diversity gain than single receive antenna. The channel estimation results can also be used to form CQI information, which is fed back to the transmitter in order to help select the modulation and coding scheme.
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Fig.1 Open-loop Coded MIMO OFDM system
One example of a spatial temporal frequency encoder is from the STTCC proposal shown in Fig.2 [4]. Let us assume that the required data rate is L bit/symbol period. The information bit vector 
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 goes through three paths respectively as follows: 
· In the path used for systematic bits, 
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 is sent directly to the modulation mapper, and not encoded. Through modulation mapping, the symbols can be obtained by 
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 is the function of mapping binary integer values into the transmitted symbols, with
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 when QPSK is used. The systematic bits will be used in the decoder for better decoding performance. 

· In one path used for parity bits, 
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 is firstly sent into recursive encoder 1 (RE1) for encoding. The output bits of the encoder are 
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. Rate matching can be either puncturing to give a higher code rate, or repetition for a lower code rate. Through modulation mapping, the encoded symbols can be obtained by 
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 is the number of transmit antennas.

· In a second path used for parity bits, 
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 firstly passes through an interleaver, and then into RE2, puncturing, and the modulation mapper, which have the same function as the first path used for parity bits. Through modulation mapping, the encoded symbols are 
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, In the STTCC encoder, RE1 and RE2 have the same generation matrix. The interleaving is an odd-even symbol interleaving, which maps even symbols to even symbol positions, and odd symbols to odd positions. Here, one symbol means L bits in 
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. 
The output of the two paths used for parity bits are multiplexed according to different times, for example, in Fig.2, at time 
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 is sent out from the multiplexer and at the next time 
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 is sent out from the multiplexer. Finally, a circular shifted switcher is used to get the benefit of diversity in each propagation path, i.e. symbols 
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 are sent out alternately. The output symbols are allocated into multiple sub-carriers by serial parallel converters.  

The advantages of the architecture are as follows:

· STTCC can achieve both high diversity gain and high data rate. Under the same transmission data rate, STTCC has better performance than PARC concatenated with turbo coding. 

· STTCC uses the statistical characteristic of wireless propagation for code design, and does not need feedback of the channel transfer function information.
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Fig.2 The construction of STTCC encoder

2.2 Closed-Loop Coded MIMO OFDM 
Closed-loop Coded MIMO OFDM for LTE is shown in Fig.3.  

In the transmitter, the data streams are serial/parallel converted into multiple paths. Each path data is FEC coded, channel-interleaved, rate-matched, symbol-mapped and pre-coded. The pre-coding is a kind of pre-processing technique, which carries out a unitary transform for each transmission path data, i.e. pre-weighted PARC. Adaptive processing is performed to optimise system performance, not only in modulation mode, code rate and interleaver mode but also in pre-coding weighting parameters and OFDM sub-carrier allocation. 

The adaptation may be according to the channel estimation information derived from another link, for example, the downlink may make use of uplink channel estimation results, i.e., the detailed channel response including the phase and magnitude information. This may be particularly applicable to a TDD system. 

In the receiver, the data streams are processed by interference cancellation and turbo iteration, where the desired data streams are subtracted from the received signal after single-stage detection and decoding. 
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Fig.3 Closed-Loop Coded MIMO OFDM system
3. Conclusions

In this contribution, we present one open-loop and one closed-loop MIMO technique for E-UTRA. Corresponding text proposals describing the schemes are appended below.
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9.2.1.4 MIMO
9.2.1.4.X Open-loop STTCC MIMO OFDM
The block diagram of the Open-loop Coded MIMO OFDM system is shown in Fig.1. In the transmitter, the information stream is encoded to form multiple sub-streams by a spatial temporal frequency encoder. The output signals are interleaved and sent into an OFDM modulator. The spatial temporal frequency encoder has the function of allocating multiple data streams to multiple transmit antennas and multiple sub-carriers in OFDM. In the receiver, after an OFDM demodulator, the signals are de-interleaved and fed to the spatial temporal frequency decoder for final data decision with the help of channel estimation results. Multiple receive antennas can achieve higher diversity gain than single receive antenna. The channel estimation results can also be used to form CQI information, which is fed back to the transmitter in order to help select the modulation and coding scheme.
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Fig.1 Open-loop Coded MIMO OFDM system
One example of a spatial temporal frequency encoder is from the STTCC proposal shown in Fig.2. Let us assume that the required data rate is L bit/symbol period. The information bit vector 
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 is sent directly to the modulation mapper, and not encoded. Through modulation mapping, the symbols can be obtained by 
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· In one path used for parity bits, 
[image: image29.wmf]B

 is firstly sent into recursive encoder 1 (RE1) for encoding. The output bits of the encoder are 
[image: image30.wmf]]

d

,...,

d

[

1

M

=

D

. Then, if rate matching is carried out, D becomes 
[image: image31.wmf]]

c

,...,

c

[

P

1

=

C

. Rate matching can be either puncturing to give a higher code rate, or repetition for a lower code rate. Through modulation mapping, the encoded symbols can be obtained by 
[image: image32.wmf]]

s

,...,

s

[

]

C

[

1

N

1

1

U

+

=

F

, where
[image: image33.wmf]N

 is the number of transmit antennas.

· In a second path used for parity bits, 
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 firstly passes through an interleaver, and then into RE2, puncturing, and modulation mapper, which have the same function as the first path used for parity bits. Through modulation mapping, the encoded symbols are 
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The outputs of the two paths used for parity bits are multiplexed according to different times, for example, in Fig.2, at time 
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 is sent out from the multiplexer. Finally, a circular shifted switcher is used to get the benefit of diversity in each propagation path, i.e. symbols 
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 are sent out alternately. The output symbols are allocated into multiple sub-carriers by serial parallel converters.  

The advantages of the architecture are as follows:

· STTCC can achieve both high diversity gain and high data rate. Under the same transmission data rate, STTCC has better performance than PARC concatenated with turbo coding. 

· STTCC uses the statistical characteristic of wireless propagation for code design, and does not need feedback of channel transfer function information.
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Fig.2 The construction of STTCC encoder

9.2.1.4.Y Closed-Loop Coded MIMO OFDM 
Closed-loop Coded MIMO OFDM is shown in Fig.3.  

In the transmitter, the data streams are serial/parallel converted into multiple paths. Each path data is FEC coded, channel-interleaved, rate-matched, symbol-mapped and pre-coded. The pre-coding is a kind of pre-processing technique, which carries out a unitary transform for each transmission path data, i.e. pre-weighted PARC. Adaptive processing is performed to optimise system performance, not only in modulation mode, code rate and interleaver mode but also in pre-coding weighting parameters and OFDM sub-carrier allocation. 

The adaptation may be according to the channel estimation information derived from another link, for example, the downlink may make use of uplink channel estimation results, i.e., the detailed channel response including the phase and magnitude information. This may be particularly applicable to a TDD system. 

In the receiver, the data streams are processed by interference cancellation and turbo iteration, where the desired data streams are subtracted from the received signal after single-stage detection and decoding. 
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