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Introduction

The development of Evolved-UTRA and UTRAN will be based on higher user data rates, and better quality of service which results in an improved overall throughput and better coverage.  A number of proposals have discussed and concluded the need for multiple antenna systems to achieve the target spectral efficiency, throughput, and reliability of EUTRA. These proposals have considered different modes of operation applicable to different scenarios. The basic assumptions that varies between proposals include (i) using single stream versus multiple streams, (ii) scheduling one user at a time versus multiple users, (iii) having multiple streams per user versus single stream per user, (iv) coding across multiple streams versus using independent streams. However, the basic common factor between downlink physical layer MIMO proposals is a feedback strategy to control the transmission rate and possible variation in transmission strategy. 

While the proposals for the use of multiple antenna systems in downlink EUTRA such as PARC1, PSRC2, PGRC3, PUSRC4,  PU2RC5, SCW6, MCW7, SDM8, SDMA9, and current transmit diversity scheme in release 6 such as STD10, STTD11, and TxAA12 differ in terms of the system description, they all share the following common ideas:
(i) possible multiplexing of streams to multiple streams

(ii) possible use of a linear precoding of streams before sending to antennas

(iii) possible layering of the streams between the antennas

(iv) Rate control per stream or a multiple jointly coded streams

Therefore, a general block diagram of these types of systems (including all mentioned proposal) can be depicted as in Figure 1 where each block is possibly controlled with a feedback signal.  However, the design strategy and feedback signals vary between different approaches. For example, PARC have no linear precoding block, PGRC introduces a fixed precoding block, PSRC has variable precoding block based on feedback, PU2RC exploits finite set of unitary matrices in precoding block, and approaches such as MCW and SCW use a pseudo-random precoding matrix that changes in each block but is chosen randomly not based on a feedback. 
________________________________________________________________________

1 per antenna rate control,  


2 per stream rate control, 

3 per group rate control, 

4 per user and stream rate control, 

5 per user unitary rate control, 

6 single codeword transmission, 

7 multiple codeword transmission, 

8 space division multiplex, 

9 space division multiple access, 

10 selection transmit diversity, 

11 space time transmit diversity, 

12 transmit adaptive antennas
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It has been also noted that the proposals should not increase the transmission modes unnecessarily and should be realistic in terms of implementation particularly considering UE complexity. Moreover, the proposed transmission strategy should appropriately address the effect of channel estimation error and feedback error and impact of receiver structure. 

Multi-user multiple antenna scheme for downlink EUTRA

We consider the specific communication scenarios in which only single user is scheduled for each block of transmission. Our proposed scheme selects an appropriate number of independent transmission streams that we refer to the rank of the channel. The rank corresponds to the number of possible independent transmission. An appropriate rank selection can considerably improve the transmission rate and to some extent it has been performed in prior.  Our proposed transmission strategy can work in two different scenario: (i) it may differentiate between the supported number of transmitted streams and sends independent codeword for each stream by performing rate control per stream, or (ii) it may choose a single rate and code a single codeword across all possible streams.                       

Our proposal changes the generalized structure of Figure 1 in two senses. 
First, we believe rank selection is an important factor in performance improvement and our proposal considers a design of linear precoding codebooks that is rank-specific. Although, the importance of rank selection has been already noted in prior proposals (such as the proposals discussing MCW and SCW), the linear precoding design is not rank-specific. However, our initial performance evaluation shows considerable performance improvement if one precoding codebook is designed for each rank. It should be pointed out that our proposal does not increase the number of the required feedback bits, because the rank selection in our proposal depends on the supporable rate by the corresponding UE. Therefore, the SINR feedback information (CQI) implies the information about the best rank selected by UE.
Second, the linear precoding (that is in a unitary form in all prior proposals) is not the optimal choice of precoding. The optimal approach should include a vector of power allocation ratios for each precoding matrix where this vector specifies the ratio of the power to be used for transmission of each column of the corresponding precoding matrix. 
Combining the above two observation, the final codebook consists of a partition of codebooks, one for each selected rank of the transmission (Figure 2).  
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The codebook for rank-k consists of a set of orthogonal k-frames that are augmented with the vector of the power allocation ratios on top. The transmission strategy is regarded as multi-rank beamforming instead of precoding because of the existence of power allocation between the modes of the channel. The modes of the channel may be regarded as virtual antennas or simply correspond to quantized eigen-vectors of the channel.  Therefore, each entry of a rank-k multi-rank beamforming codebook is an augmented orthonormal k-frames as its structure is depicted in Figure 3 consisting of
· k ordered complex orthonormal vectors corresponding to k first dominant eigenmodes of the channel

· One real unit-norm vector of size k in which the jth element corresponds to the fraction of the power used for jth eigenmode of the channel                                                               
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As mentioned different feedback overhead may be needed if the transmission occurs in single codeword by coding across all the transmitted streams for which only one SINR value is required to be fed back, or by transmission of multiple codeword, one for each stream, where feedback overhead is higher and multiple SINRs will be fed back. Regardless of single codeword or multiple codeword transmission, our analysis and simulation reveals that it is important to perform a rank selection, design different codebooks for each rank, and consider power control for each transmission mode corresponding to a column of the selected linear precoding matrix.

The codebook of augmented orthonormal k-frames is designed as follows:
· Appropriate number of bits are allocated for successive quantization of eigenmodes of the channel and the corresponding power allocation

· The successive codebooks are then designed based on allocated bits

· Quantized power allocation is derived

· A augmented orthonormal k-frame is then constructed by picking k vectors from the codebooks of the successive dominant eigenmode and placing them as first two kth column of a matrix to form orthonormal k-frame. Then, augment this matrix with a row that defines the corresponding power allocation ratio for each eigenmode from the power codebook

· All possible combination of augmented orthonomal k-frames constitute the rank-k beamforming codebook
The structure of our proposed multi-rank beamforming system is depicted in Figure 4 and the algorithm has is then consists of the following steps in terms of the UE action and DL scheduling:
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· Each User estimate the channel and its SNR

· Based on rate requirement (chosen from a finite set) UE predict the beamforming rank that maximizes its throughput

· UE picks a (AOKF) beamforming matrix from the set with the corresponding rank

· UE estimate the SINR(s)

· In SCW, only one value

· In MCW, one SINR for each mode

· UE feedback the rank (implied in SINR), index of the beamforming matrix, and corresponding SINR(s)

· DL Scheduler picks the user with highest supportable rate or decide based on some other fairness measures.
Conclusion

It can be shown that many proposed MIMO techniques for the downlink EUTRA follow a general structure consisting of four basic building blocks: scheduling and multiplexing, Layering, Linear precoding, and rate control. By this proposal we intend to provide a provision for two basic modification to this general approach. First, the rank selection is very important and the codebook design should be rank-specific. The rank selection has been performed in some prior proposals, but the codebooks are not rank-specific.  Second provision is the importance of power allocation over the selected mode of the channel.
Figure 1: A general schematic of existing downlink proposals for E-UTRA





Figure 2: The proposed structure of the precoding codebook





  Figure 3: The proposed structure of a multi-rank beamformer in codebook of rank-k
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