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1. Introduction

In order to reach a downlink peak spectral efficiency requirement, it is agreed to support up to 8-layer transmission in downlink for LTE-Advanced. To enable 8-layer transmission, some details including number of codeword and codeword-to-layer mapping should be properly designed. In LTE, maximum two transport blocks were employed and each transport block is mapped to a corresponding codeword according to transport block to codeword mapping rule to support up to 4 layers. In MIMO Ad-hoc session in RAN1 #56, 8-layer transmission was discussed and followings were captured in Ad-hoc chairman’s note [1].
Agreement for LTE-A 8TX spatial multiplexing per component carrier: 

· Max number of transport blocks: 2

· Number of MCS fields: one for each transport block

· ACK/NAK feedback: 1 AN bit per transport block for evaluation as a baseline

· Discussion on control signaling details should continue. 

Points for further discussion: 

· Codeword to layer mapping: 

· Possibility 1 (proposed in 917)

· Codeword to layer mappings such that each codeword is uniformly distributed over all r available layers while enabling the use of SIC receivers with r-1 stages of cancellations.

· SIC operation utilizing the existing code block CRC might need consideration. 

· Possibility 2

· Up to 4 layers: same as Rel-8 LTE

· Above 4 layers: ?

In this contribution, we further discuss on the remaining details of codeword-to-layer mapping issue.
2. Codeword to Layer Mapping
The number of transport block may be closely tied with control signaling overhead as far as number of MCS is defined for each transport block. Therefore, less number of transport blocks than that of layers may reduce control signaling overhead. The per group level rate control (PGRC) was agreed in LTE specification since it gives enough performance gain as per antenna rate control (PARC) with reasonable control signaling overhead. These multiple codeword transmission for spatial multiplexing exploit fine rate control of each antenna or antenna group rather than averaging all layers (i.e., single codeword), so that higher performance can be obtained. Furthermore, codeword-level perfect cancellation is possible and gives additional performance gain by removing interference from other codeword, thereby obtaining higher effective SINR. The obtained higher SINR from codeword cancellation is exploited by separate rate control so that higher spectral efficiency can be achieved.
Two possibilities for the codeword to layer mapping are captured in the chairman’s note in RAN1 #56 meeting. One is employing two codeword based CW-to-layer mapping with same rule with that of LTE and the other is having layer CRC additionally to further take an advantage of layer cancelation within a codeword. These two possibilities are based on two transport blocks with separate rate control for each transport block. Therefore, the difference between two possibilities can be attachment of layer CRC and the layer CRC is employed only for further increasing average SINR in a codeword. However, it seems that several drawbacks come with layer CRC as follows:

· Overhead due to CRC attachment for each layer. This can be serious if number of RB allocated to a UE is small since CRC is also encoded as data.

· The gain from layer CRC may not be significant as far as separate rate control and H-ARQ process for each layer are not employed together.

· Potential reuse of LTE spatial multiplexing receiver up to 4-layers is not allowed due to layer CRC in layer-3 and layer-4.

· Layer CRC attachment may complicate the system operation in case of rank overriding for HARQ retransmission.
Therefore, it is preferable to employ simple extension of codeword to layer mapping in LTE for layer 5 to layer 8 with same rules including codeword level CRC without layer CRC attachment. The table-1 can be a candidate for the codeword-to-layer mapping to support higher order MIMO.
Table 1. Codeword-to-layer mapping for the layers 5 -7
	Layer-5
	Layer-7
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	Layer-6
	Layer-8
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3. Summary
In this contribution, we discussed on downlink spatial multiplexing to support up to 8-layer MIMO transmission. The discussion can be summarized as follows:
· It is preferable to employ simple extension of codeword to layer mapping without layer CRC in order not to increase signaling overhead and complexity unnecessarily.

· Up to 4-layer, it is preferable to reuse LTE codeword-to-layer mapping and the codeword-to-layer mapping rule can be used to extend for higher layers (> 4-layer) as shown in table 1.
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