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1. Introduction

In order to meet the requirement of downlink peak spectral efficiency in LTE-Advanced, employing higher order MIMO seems to be inevitable, thereby allowing higher rank transmission (i.e., rank > 4) at a time compared to that of LTE. As a consequence, the 8x8 downlink MIMO transmission was agreed as a maximum order of downlink spatial multiplexing rate for LTE-Advanced [1]. When introducing newly designed higher order MIMO schemes for LTE-Advanced, following points should be considered in order to avoid unnecessary implementation complexity increment.

· It should be guaranteed that the new schemes and/or operation can provide significant gain as compared with those in LTE system. 
· The backwards/forwards compatibility should be taken into account for supporting legacy UEs as well as LTE-Advanced UEs.
In this contribution, it will be discussed that the issues on the higher order MIMO including transmission scheme, reference signal design, number of codeword which have to be considered to introduce advanced MIMO transmissions for LTE-Advanced.
______________________________________________________________________
2. Downlink Transmission Schemes

In LTE, three types of multiple antenna transmission schemes were specified in downlink such as transmit diversity (TxD), open-loop SM and closed-loop precoding. Each of them works properly according to the channel and system environment and provides a noticeable gain in each scenario, thus requiring these schemes for LTE-Advanced as well.
· Transmit diversity scheme (TxD)
SFBC and SFBC+FSTD are employed for LTE as a transmit diversity scheme for 2Tx and 4Tx, respectively. In general, TxD schemes may provide significant gain by exploiting spatial diversity when channel state information is not available or is unreliable due to channel variation. Keeping that in mind, transmit diversity mode is one of most important part in MIMO support to keep the system coverage as large as possible and provide reliable data transmission for high mobility UE as well.

In LTE-Advanced, 8Tx downlink transmission is considered to increase peak data rate, thus new transmit diversity scheme optimized for 8Tx can be employed to further exploit diversity gain. However, it is well known that the spatial diversity gain achieved by TxD schemes is quickly saturated as the diversity order goes higher. Which implies that if the diversity order is higher than certain level (e.g., diversity order 8), the gain from transmit diversity scheme is insignificant and it is more worthwhile to keep the implementation complexity minimum. Keeping that in mind, 4Tx TxD may provide enough diversity gain when the number of receive antenna is larger than 2 and the 4Tx TxD in LTE may be reused with UE transparent virtualization so that both LTE and LTE-A UEs can receive control channel at the same time. In that sense, it is preferable to reuse 4Tx TxD in LTE for the eNB having 8Tx antennas.
· Closed-loop precoding
       A codebook-based precoding is employed for LTE system in 2Tx and 4Tx antenna system and each transmit antenna system has its own codebook such as DFT-based codebook (for 2Tx) and Householder-based codebook (for 4Tx). Such a codebook-based precoding could provide sufficient gain with reasonable feedback overhead in FDD system. Therefore, it is also preferable to employ codebook-based precoding for 8Tx transmission in LTE-A system. In LTE, several design criteria were considered as follows:

· Constant modulus (CM) property to keep balanced power transmission across the transmission antennas
· Nested property to support the rank override efficiently
· Constrained alphabet to keep the computational complexity minimum 
       Therefore, we may reconsider abovementioned design criteria to design 8Tx precoding. Moreover, as seen in the discussion for LTE codebook, the different types of codebook have similar performance since a single codebook is used for all MIMO channels and antenna configurations. Hence, it would be better to simply extend current specified codebook in LTE in order to support 8Tx transmission in LTE-A system as far as the performance gain is reasonable.
· Open-loop SM

       Precoding matrix hopping with large-delay CDD is specified as an open-loop SM in LTE system. Generally, an open-loop SM is beneficial for a UE having high geometry with high mobility and employed to provide reasonable UE throughput even for medium to high mobility. Hence, open-loop SM should be supported in LTE-advanced system as well. In LTE system, full rank open-loop SM transmission is supported even for 4Tx antenna system. However, for LTE-Advanced, it should be investigated whether rank-8 open-loop SM transmission is needed since full rank transmission in 8Tx might be unrealistic since the poor channel estimation performance may significantly degrade rank-8 transmission performance in high mobility scenario. Therefore, it is preferable that the maximum rank for 8Tx open-loop SM is smaller than 8 not to increase implementation complexity unnecessarily.
______________________________________________________________________
3. Reference Signal Design
Common RS structures are defined for rank-adapted spatial multiplexing including closed-loop and open-loop precoding in LTE. Therefore, the pilot overhead is always same irrespective of the number of rank for PDSCH transmission. The pilot overhead in LTE seems to be tolerable since it doesn’t exceed 15% even for 4Tx antennas. However, if we keep current FDM/TDM common pilot structure for 8Tx RS design, pilot overhead increment is inevitable to keep the channel estimation performance. In addition, it may not possible to support legacy UE (i.e., Rel-8 UE) in LTE-A cell as well. Therefore, so far, several backward compatible RS proposals have been submitted such as UE-specific RS extension, combined RS structure and CCE-based RS proposals [2]. In which, some proposals are only possible to use in LTE-A only subframe, thus requiring subframe identification in order to allow flexible LTE-A transmission. Hence, in this study item, it seems to be necessary to discussion on following issues:

· Subframe identification:
· Necessity of the subframe identification

· Number of subframe types

· Control channel for several types of subframe

· RS extension type
· Common RS including CCE-based RS

· UE-specific RS

· Combination of common RS and UE-specific RS

· RS overhead
· Tolerable RS overhead for 8Tx antenna transmission
______________________________________________________________________
4. Number of Codeword

Maximum number of codeword is closely related to control information overhead as well as CSI feedback overhead since it is necessary to apply link adaptation and error control per codeword basis in order to achieve the peak throughput in low mobility scenario. Current LTE system seems to be optimized for two codeword system in downlink in terms of control channel and performance. Therefore, it is preferable to keep the maximum number of codeword as two to give a minimum impact to LTE specification even for rank-8 transmission. However, larger number of codeword such as 4 codewords may provide performance benefit by using SIC type receiver since finer channel adaptation is possible. In that case, we may consider larger number of codeword as well if the performance gain is significant. Followings are simple extension of codeword to layer mapping for 8Tx transmission when the maximum number of codeword is two and four.
Table 1. Examples of codeword-to-layer mapping for 8Tx
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	5
	
[image: image1.emf]CW 1 S/P

CW 2 S/P

Precoder


	
[image: image2.emf]CW 1

CW 2 Precoder S/P

CW 3 S/P



	6
	
[image: image3.emf]CW 1 S/P

CW 2 S/P

Precoder


	
[image: image4.emf]CW 2 Precoder S/P

CW 3 S/P

CW 1 S/P



	7
	
[image: image5.emf]CW 1 S/P

CW 2 S/P

Precoder


	
[image: image6.emf]CW 3

Precoder

S/P

CW 4 S/P

CW 2 S/P

CW 1



	8
	
[image: image7.emf]CW 1 S/P

CW 2 S/P

Precoder


	
[image: image8.emf]CW 3

Precoder

S/P

CW 4 S/P

CW 2 S/P

CW 1 S/P




______________________________________________________________________
5. Summary
In this contribution, we briefly see the consideration points when 8Tx antennas are employed in LTE-Advanced supporting eNB such as transmission scheme, reference signal structure. we may summarize abovementioned discussions as follows:
· DL transmission scheme

· TxD: reuse of the 4Tx TxD specified in LTE with antenna virtualization is preferable due to limited gain of 8Tx optimized TxD, backward compatibility and low implementation complexity.
· Closed-loop precoding: simple extension of 4Tx codebook specified in LTE for 8Tx antennas is preferable.
· Open-loop SM: the maximum rank of OL-SM could be limited to lower than full rank since the possibility of using higher rank open-loop SM in 8Tx is quite low and the performance is also questionable due to poor channel estimation performance.
· Reference signal design

Since the simple extension of CRS in LTE is not possible when taking backward compatibility into account, followings should be discussed.

· Subframe identification

· RS extension type

· RS overhead

· Number of codeword

It is preferable to employ same maximum number of codeword as LTE since most of control channels in LTE are optimized for two codewords as far as higher number of codeword couldn’t provide enough performance gain.
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