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1. Introduction

In RAN1#46bis meeting in Seoul, the maximum number of codewords for downlink SU-MIMO was decided to be two for one UE. When we consider a 4x4 antenna configuration, maximum of 4 independent data streams can be transmitted simultaneously. In rank 3 and rank 4, one codeword should be mapped to two layers [1]. 
According to [2], if the payload size is larger than 6114, it should be divided into smaller code blocks for turbo encoding. After turbo encoding and rate matching, each code block should be mapped to layers in case of SU-MIMO transmission. In this contribution, we consider mapping of encoded code blocks to layers in 4 transmit antennas, especially in rank 3 and rank 4.
2. Mapping of encoded code blocks to layers in rank 3 & 4
In this section, we consider the mapping of encoded code block to layers according to the number of code blocks in case of the rank 3 and rank 4. In rank 3, the second codeword should be mapped to two layers. In rank 4, the first codeword is mapped to two layers and so is the second codeword. From e-mail discussion on channel interleaving, we have following candidates for channel coding chain as shown in figure 1.  In figure 1(a), there is no channel interleaving after rate matching unit. In figure 1(b), channel interleaving is done in bit level and the interleaving span is within a code block. In figure 1(c), channel interleaving is done in symbol level and the interleaving span is within X (=1, 7, or 14) OFDM symbols.
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Figure 1. Candidates for channel coding chain from e-mail discussion.
(a) No channel interleaving, (b) Bit level interleaving within segmented code block, and (c) Symbol level interleaving.
2. 1 Single code block in one codeword in rank 3 & 4
In this section, we consider only one code block in one codeword. After turbo encoding and rate matching, the encoded code block should be mapped to two layers. Since there is only one code block, it is natural to distribute the code block uniformly in two layers. However, there might be some situations in which gain can be drawn if the systematic bits are more protective than the parity bits. In addition, the exact channel status for each layer is not known in Node B since CQI would be reported per codeword not per layer. Therefore, it is desirable that systematic bits would be transmitted in each layer as uniform as possible in order to give maximum diversity gain to systematic bits. That is to say, the systematic bits would be evenly distributed in each layer. However, the details of mapping for systematic and parity bits over layers should be FFS.
2. 2 Multiple code blocks in one codeword in rank 3 & 4
In this section, we consider multiple code blocks in one codeword. After turbo encoding and rate matching, the encoded code blocks should be mapped to two layers. Assume that a code block spans assigned resource in frequency domain. Therefore, we consider possible options for mapping of multiple code blocks to time and spatial resource elements.  For illustration purpose, we show possible options in figure 2. In this figure, we assume that the number of code blocks in one codeword is 3 in the assigned RBs for transmission. Note that the resources for control signal and reference signal are not depicted in this figure.
Option 1: Spanning each code block over two layers
In figure 2(a), each encoded code block is mapped over both layers and time span for each block is minimized. Option 1 fully uses spatial diversity and also has benefit in terms of decoding latency. This option is valid when channel interleaving is done as in figure 1(a), figure 1(b), and figure 1(c) with X=1. 
Option 2: Spanning each code block within a layer
In figure 2(b), one encoded code block is mapped over one layer only, if possible. However, if the number of code block is odd number, at least one encoded code block is mapped over both layers. Since current CQI definition is per codeword not per layer, we have only one CQI report averaged over two layers. Therefore, channel SINR values for two layers may be different from each other. If one code block is mapped to weaker layer only, the performance degradation may be significant. Since UE can estimate the channel status of each layer using reference signal, option 2 may overcome the above mentioned problem with a receiver algorithm such as successive interference cancellation technique. This option is valid when channel interleaving is done as in figure 1(a), figure 1(b), and figure 1(c) with X=1.
Option 3: Spanning each code block over two layers over whole subframe
In figure 2(c), each encoded code block is mapped over whole resources in time and spatial domain. This option is valid when channel interleaving is done as in figure 1(c) with X=14.
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 Figure 2. Possible options for mapping of multiple code blocks to layers
3. Conclusions
In this contribution, we considered the mapping of encoded code block to layers focused on rank 3 & 4 in 4x4 antenna configuration in SU-MIMO system. When there is only one code block in one codeword, it is desirable that systematic bits would be transmitted in each layer as uniform as possible. When there are multiple code blocks in one codeword, we investigated possible 3 options for mapping of encoded code blocks to layers. Option 2 may have benefit only when SIC receiver is used, while it may deteriorate the performance for general MMSE receiver. It is difficult to mandate SIC receiver for all MIMO UEs. On the other hand, option 1 gives the additional advantage in the spatial diversity and decoding time. Therefore, option 1 could be a desirable solution when taking into account all UEs. In addition, special care should be taken in the details of mapping of systematic and parity bits over layers.
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