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1. Introduction

In order to reach a downlink peak spectral efficiency requirement in LTE-Advanced, it is agreed to support up to 8-layer transmission. So far, a lot of proposals to support 8x8 MIMO transmission have been discussed. Followings can be discussed further to have a progress on downlink MIMO for LTE-Advanced at this stage.

· Codeword to layer mapping

· Open-loop MIMO transmission

In RAN1 #56bis meeting, it was agreed that LTE CW-to-layer mapping is reused in LTE-Advanced up to 4 layers [1]. However, details of higher layers are still open with some design guidelines such that unified solution which is based on LTE CW-to-layer mapping for higher layer CW-to-layer mapping is recommended. Therefore, remaining details on higher layer CW-to-layer mapping will be discussed in this contribution. In addition, open-loop MIMO schemes including 8Tx TxD and open-loop MIMO schemes including SU-MIMO and TxD will also take a part of discussions.

2. Codeword to Layer Mapping

It is supported up to 4-layers in Rel-8 and to enable up to 4-layer transmission, codeword-to-layer mapping was designed based on per antenna group rate control (PGRC) since it provides sufficient gain with reasonable control signalling overhead as compared with that of per antenna rate control (PARC). These per layer or per layer group level link adaptation could enjoy the benefit of the fine link adaptation by allowing different MCS per antenna group or antenna so that better performance can be seen compared to that of single codeword. In addition, codeword CRC allows perfect layer cancellation, thereby obtaining optimized performance with a MMSE-SIC receiver. Based on these advantages mentioned above, PGRC based multiple codeword was agreed for LTE-A. In RAN1 #56bis meeting, it was also agreed to employ same CW-to-layer mapping in Rel-8 up to 4 layers of LTE-A downlink higher order MIMO, which allows a LTE-A UE reusing Rel-8 functionality when the rank is equal to or less than 4. In addition, CW-to-layer mapping design guidelines for higher rank is also provided such that designing CW-to-layer mapping for higher rank in same manner with that of Rel-8 is recommended. Followings are the properties of Rel-8 CW-to-layer mapping, and simple extension with following rules used for designing Rel-8 CW-to-layer mapping seems to be appropriate for higher rank.

· Two codewords can be defined as a maximum

· Each codeword has equal number of layers when the rank is even number.

· First codeword has less number of layers when the rank is odd number.

· A codeword has a single channel encoder.
Considering abovementioned CW-to-layer mapping design rules, it is quite straightforward to see the CW-to-layer mapping above 4 layers as shown in the table 1. 

Table 1. Codeword-to-layer mapping for the layers 5 -7
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3. Open-loop MIMO Transmission

· 8Tx transmit diversity scheme
In Rel-8, SFBC and SFBC+SFTD which are explicitly optimized for 2Tx and 4Tx physical antenna ports, respectively are employed to exploit full spatial diversity gain. In LTE-A, 8 transmit antenna ports will be supported to reach a peak spectral efficiency requirements. Given that situation, here the question is whether it is needed to design explicit 8Tx optimized transmit diversity scheme for 8 physical antenna ports or not. From our point of view, the answer is that no explicit 8Tx TxD is needed for LTE-A system since the diversity gain from optimized 8Tx TxD is seen as marginal. Since the diversity gain is saturated quickly as the number of antennas gets larger, no performance gain is shown in 8Tx system as compared with the TxD in Rel-8 in combination with virtualization. In our previous contribution [2], we also showed that the further diversity gain cannot be obtained from the evaluation results under various assumptions. Therefore, it is preferable not to specify explicit 8Tx TxD for LTE-A system and reuse Rel-8 TxD with antenna virtualization.
· SU-MIMO
The channel dependent precoding may provide optimized performance by exploiting channel status information feedback from a UE at each time. Hence, we are now more focus on the designing of closed-loop SU-MIMO. However, it is also attractive that no feedback overhead related to precoding is needed for open-loop SU-MIMO so that we may minimize uplink signalling overhead. Therefore, channel independent precoding should be also employed for LTE-A system in our perspective. Since UE specific DRS will be used for demodulation, open-loop SM can be designed in UE transparent manner. In this case, simply precoding matrix switching to increase frequency diversity can be used as similar as the codeword cycling of the open-loop SM mode in Rel-8. In this case, only difference between channel dependent precoding and channel independent precoding can be whether the feedback includes precoding information. However, the performance should be investigated before we agree to have UE transparent open-loop SM with dedicated RS in order to avoid huge performance degradation under correlated spatial channel. Therefore, precoding matrix switching in frequency domain with precoded DRS can be considered as a UE transparent open-loop SM scheme if the performance is sufficient compared to explicit open-loop SM schemes.
4. Conclusions

In this contribution, we discussed on higher-order MIMO issues including CW-to-layer mapping, open-loop MIMO transmission schemes. The discussion can be summarized as follows:

· CW-to-layer mapping

· From the agreement we had in RAN1 #56bis meeting, table 1 seems to be straightforward as a CW-to-layer mapping for higher layers above 4 layers.

· Open-loop MIMO transmission

· Explicit 8Tx TxD is not needed for LTE-A system since the performance gain is expected marginal and it can be simply implemented by reusing Rel-8 TxD with antenna virtualization

· Channel independent precoding should be also employed in LTE-A system. As a candidate, precoding matrix switching can be considered with precoded DRS in UE transparent manner if the performance gain is sufficient. 
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