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1. Introduction
In RAN1 #56 and #56bis meetings, the layer shifting combined with HARQ-ACK spatial bundling in uplink SU-MIMO transmission was decided to be one of the options to be considered for future selection  [1], [2]. HARQ-ACK spatial bundling is highly effective when combined with the layer shifting since the layer shifting leads two different transport blocks to experience a similar effective channel. As discussed in [3], there are three potential candidates differing from each other by the level of the layer shifting, i.e., modulation-symbol, DFT-spread OFDM symbol, and slot. In terms of the diversity gain and the receiver complexity, the layer shifting at the DFT-spread OFDM symbol level seems a reasonable choice [4].
In this contribution, we discuss the design of the layer shifting patterns performed at the DFT-spread OFDM symbol level.
2. Layer Shifting Pattern
It is straightforward to design layer shifting patterns for the cases with 1, 2, or 3 transmission layers, and therefore we focus on the cases with 4 transmission layers. 
Fig. 1 shows the codeword-to-layer mapping agreed in RAN1 #56 meeting [5], which is the same as in LTE Rel-8 downlink. The codeword 1 is mapped to layers 1 and 2, and the codeword 2 is mapped to layers 3 and 4. The layer-mapped symbols are fed to the layer shifter. 
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Fig. 1 Codeword-to-layer mapping
Fig. 2 shows the layer shifting pattern (denoted Example 1). The main characteristic of Example 1 is that the two layers belonging to the same codeword are transmitted successively on the same antenna during two consecutive DFT-spread OFDM symbols. To be more specific, for the antenna port 1, the two layers 1 and 2 belonging to the codeword 1 are transmitted successively first and then the successive transmission of the layers 3 and 4 of the codeword 2 follows. For the other antenna ports, the cyclic-shifted versions of the layer transmission pattern for the antenna port 1 are used.
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Fig. 2 Layer shifting pattern: Example 1
Fig. 3 shows the full layer shifting pattern for the extended CP case when the layer shifting pattern Example 1 is used. There are 10 DFT-spread OFDM symbols available for the transmission of data symbols. In the figure, the codeword 1 consisting of the layers 1 and 2 is transmitted in 6 DFT-spread OFDM symbols over the antenna port 1 and 4 DFT-spread OFDM symbols over the antenna port 4. Similarly, the codeword 2 consisting of the layers 3 and 4 is transmitted in 6 DFT-spread OFDM symbols over the antenna port 3 and 4 DFT-spread OFDM symbols over the antenna port 1. Such imbalance in the use of the antenna ports between the two codewords may result in different BLER performances, thereby rendering the HARQ-ACK bundling ineffective.
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Fig. 3 Layer shifter output when Example 1 is applied. Extended CP case
Fig. 4 shows another example for the layer shifting pattern (denoted Example 2). In this option layers corresponding to different codewords are alternated during two DFT-spread OFDM symbols. The patterns for the antenna ports 2, 3, and 4 are the cyclic-shifted versions of the layer transmission pattern for the antenna port 1.
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Fig. 4 Layer shifting pattern: Example 2
Fig. 5 shows the full layer shifting pattern for the extended CP case when the layer shifting pattern Example 2 is used. The codewords 1 and 2 are transmitted through the same number of he DFT-spread OFDM symbols for all the antenna ports. Since there is no imbalance in the diversity gain between the two codewords, the HARQ-ACK bundling with Example 2 is more effective than with Example 1.

[image: image5.emf]L1

L3

L2 L4

L4

L3

L1

L2

L2

L1

L3

L4

L4

L3

L2

L1

Span 4 DFT block

Antenna

Port 1

Antenna

Port 2

Antenna

Port 3

Antenna

Port 4

L1

L3

L2 L4

L4

L3

L1

L2

L2

L1

L3

L4

L4

L3

L2

L1

L1

L3

L2 L4

L4

L3

L1

L2


Fig. 5 Layer shifter output when Example 2 is applied. Extended CP case
3. Conclusion
We have discussed the design of layer shifting patterns in the DFT-spread OFDM symbol level layer shifting. We propose that the diversity gain balance between two codewords should be considered when designing the layer shifting patterns for the DFT-spread OFDM symbol level layer shifting.
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