3GPP TSG RAN WG1 Meeting #54bis                                                           R1-083654
Prague, Czech Republic, 
September 29 – October 3, 2008

______________________________________________________________________Agenda item: 11
Source: LG Electronics

Title: Consideration on DL-MIMO in LTE-Advanced
Document for: Discussion

______________________________________________________________________
1. Introduction

In order to achieve the peak spectrum efficiency in LTE-Advanced, larger number of antennas can be employed in downlink so that higher rank transmission is possible as compared with LTE. Therefore, it was discussed that 8x8 downlink MIMO transmission is needed for LTE-Advanced [1]. In addition, enhanced MU-MIMO scheme also can be considered to provide higher peak system efficiency by exploiting multi-user diversity gain in spatial domain.

       When newly designed downlink MIMO schemes for 8Tx transmission and MU-MIMO scheme are introduced for LTE-Advanced, it should be guaranteed that the schemes can provide significant gain compared to MIMO schemes in LTE in order not to unnecessarily increase implementation complexity. In addition, the backwards/forwards compatibility should be taken into account as well for supporting LTE UE.
In this contribution, several points including transmission scheme, reference signal, codeword-to-layer mapping and MU-MIMO which have to be considered to introduce advanced MIMO transmissions for LTE-Advanced will be discussed.
______________________________________________________________________
2. Downlink Transmission Schemes

       In LTE, three types of multiple antenna transmission schemes are specified in downlink such as transmit diversity (TxD), open-loop SM and closed-loop precoding. 
· Transmit diversity scheme

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-A, 8Tx transmission is considered for downlink transmission in order 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 obtained from TxD schemes is quickly saturated as the diversity order goes higher. If the diversity order is higher than certain level, the gain from transmit diversity scheme is not significant. Keeping that in mind, 4Tx TxD may provide enough diversity gain when the number of receive antenna is larger than 2. Therefore, we may reuse 4Tx TxD in LTE with UE transparent virtual antenna mapping 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). In order to support 8x8 MIMO transmission, it is necessary to define 8Tx codebook to achieve peak data rate. For the codebook design, followings should be considered: 
· Tradeoff between performance and feedback overhead

· Antenna configuration and channel model

· Pilot overhead

· Open-loop SM
       Precoding matrix hopping with large-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

    Common RS structure is 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. Keeping that in mind, we need to take downlink dedicated pilot for rank-adapted spatial multiplexing into account as well when the RS structure is discussed for 8Tx transmission since the dedicated pilot only needs to be employed with rank number of antenna ports to be estimated. In addition, the 8Tx RS structure should support legacy UE (LTE-UE) which means that current 2Tx or 4Tx common RS structure should be kept as far as LTE zone is not defined.
______________________________________________________________________
4. Number of Codeword

       Maximum number of codeword is closely related to a control information overhead and CSI feedback overhead as well since it is needed to apply AMC and error control per codeword basis in order to achieve the peak performance in low mobility scenario. Current LTE system seems to be well designed for two codeword system in downlink. 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.
______________________________________________________________________
5. Multi-User MIMO
In general, MU-MIMO scheme provides peak system throughput by fully exploiting multi-user scheduling gain in spatial domain. However, in order to obtain reasonable spatial multi-user diversity gain it is necessary to take multi-user interference into account. The MU-MIMO scheme in LTE is based on classical SDMA and the system doesn’t provide any interfering channel information to the UE. Therefore, there is huge CQI mismatch between UE feedback and downlink channel when the eNB schedule multiple UEs in the same time-frequency resource. Keeping that in mind, it is inevitable to enhance MU-MIMO scheme for LTE-advanced to make LTE-Advanced system more attractive in the market. To introduce enhanced MU-MIMO for LTE-advanced system, we may consider two approaches as follows:
· Approach 1: Enhancement of MU-MIMO scheme based on LTE MU-MIMO
During LTE specification, most of MIMO discussion has been focused on SU-MIMO enhancement. Therefore, we may improve current LTE MU-MIMO scheme by introducing several additional control signaling and channel state information such as interfering vector signaling and quantized channel feedback for instance.
· Approach 2: Introduce sophisticated new MU-MIMO scheme
       Current MU-MIMO scheme specified in LTE is not explicitly shown in LTE specification since most of control signaling and CSI feedback in MU-MIMO are reusing those of SU-MIMO. Therefore, it is easy to introduce newly designed MU-MIMO scheme such as ZF-beamforming and DPC even though we take the backward compatibility into account.
______________________________________________________________________
6. 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. In addition, two approaches for employing enhanced MU-MIMO scheme for LTE-Advanced are also discussed to improve peak sector throughput. 
______________________________________________________________________
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