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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. Therefore, in rank 3 and rank 4 of 4TX SU-MIMO, one codeword should be mapped to two layers [1]. 
According to [2], if the payload size is larger than 6144, 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 rank 3 and rank 4 of SU-MIMO transmission. We should note the following current working assumptions on downlink channel interleaving. 

· One OFDM symbol based interleaving on RE level

· FFS whether additional S/P bit interlacing or S/P separation in frequency domain

· FFS whether the interleaver is an identity interleaver (no interleaving)

In previous contribution [3], we briefly introduced some aspects of spatial mapping of multiple code blocks in rank 3 and rank 4. In this contribution, we consider more details of spatial mapping. 
2. Details on spatial mapping

Until now, coding chain for one codeword to one layer mapping has been considered. Insertion of the additional spatial mapping functionality to support one codeword to two layer mapping should be simple and have no impact on other functions of the basic coding chain, such as rate matching and interleaving.

Case 1: Assuming 1OS-based interleaver

In Figure 1, we introduce two terms for spatial mapping as ‘spatial segmentation’ and ‘spatial distribution’. 
· Spatial segmentation: input sequence is simply segmented into two blocks and then mapped to two layers.

· Spatial distribution: input sequence is distributed to two layers in a pattern. It can be seen as a type of spatial interleaving.
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Figure 1. Options for spatial mapping of code blocks for 4 TX SU-MIMO

In Figure 1(a), the modulation symbol sequence is interleaved, simply segmented into two blocks, and mapped to two layers. Since modulation symbol of each code block is distributed in two layers by the 1OS-based interleaver, we can get spatial diversity. With a spatial segmentation, the number of layers has no impact on 1OS-based interleaver design, because an additional layer in this configuration can be treated as if the number of RBs which codeword is transmitted through is doubled. Therefore, 1OS-based interleaver can be designed to get the best interleaving performance for one codeword to one layer case.
In Figure 1(b), the modulation symbol sequence is interleaved by the 1OS-based interleaver, and distributed over layers on a symbol basis. We have to note that additional spatial distribution may reform the interleaved pattern as shown in the Figure 1(b), where the systematic bits dispersed by 1OS-based interleaver are recollected in one layer after spatial distribution. Even this is a special case of an example, but obviously there will be more cases producing bad pattern. Therefore, with a spatial distribution, we have to consider the impact of the number of layers on the 1OS-based interleaver.
An additional bit level interleaver within a code block has no impact on the symbol level spatial mapping. We have investigated the options of spatial mapping of code blocks assuming 1OS-based interleaver.
For simplicity of interleaver design, our preference of spatial mapping is the spatial segmentation in Figure 1(a). 
Case 2: Assuming no channel interleaver
If no channel interleaver allowed including spatial interleaving, only spatial segmentation is possible option for spatial mapping of code blocks. However, if we assume that one UE uses whole 20MHz bandwidth with code rate 2/3 and 64QAM, and 13 OFDM symbols are available for PDSCH, a codeword will be divided into 18 code blocks. A code block occupies approximately 13/18 of an OFDM symbol over 2 layers. This means that, assuming no channel interleaver nor a spatial interleaving, a code block may be segmented to layers in a very unbalanced manner. It can cause performance degradation, because channel variation in spatial domain would be more severe than in the frequency domain.
Therefore, we believe, we need a spatial interleaving functionality at the very least, such as a spatial distribution to get spatial diversity gain if we assume no channel interleaver in frequency domain. 
3. Conclusions

In this contribution, we investigated the aspects of spatial mapping of code blocks for 4 TX SU-MIMO. Our views on spatial mapping are as follows:

According to the decision whether 1OS-based interleaver is adopted or not:
· Assuming 1OS-based interleaver, spatial segmentation is desirable for simplicity for the 1OS-based interleaver design.

· Assuming no channel interleaver, spatial interleaving functionality at the very least, such as spatial distribution is needed to get spatial diversity.
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