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1. Introduction
In RAN1#46bis, the concept of multi-codeword SU-MIMO system for spatial multiplexing with a maximum of 2 codewords was agreed upon. This contribution affirms the concept with more specific details and simulation results. In summary, the features include:
1. Fixed codeword-to-layer mapping for each configuration (rank, number of TX antennas) 

2. For 4 TX antennas, 1-2 mapping for rank 3 and 2-2 mapping for rank 4 are employed

3. Generic pre-coding block following the codeword-to-layer mapping

Section 2 details the concept of codeword-to-layer mapping, followed by link level simulation in Section 3. The conclusion is given in Section 4. 

2. Multi-codeword MIMO 
In this section, we discuss the multi-codeword transmitter structure starting from the codeword generation (the output of QAM mapper) to the physical antennas. First of all, we use the following definitions:
1. A codeword is a QAM-modulated FEC-encoded data stream. It is defined at the output of the QAM modulator. We assume that one codeword can only have one coding rate (e.g. rate 1/3) and one modulation scheme (e.g. 16QAM). 

2. A layer is a distinct QAM-modulated data stream that is defined at the output of the codeword-to-layer mapping. The peak rate of a layer can be the same or lower than the peak rate of a single-antenna transmission. Moreover, different layers can carry the same or different information bits. 
3. A rank- transmission has a peak data rate of R where R is the peak data rate of a single-antenna transmission. For spatial multiplexing and most TX diversity schemes (except for STBC/SFBC), rank is equal to the number of layers.
Note that the above definitions are valid for not only spatial multiplexing, but also for TX diversity. Based on those definitions, a generic MIMO concept can be illustrated in Figure 1 where K is the number of codewords, N is the number of layers, and P is the number of TX antennas. 
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Figure 1. Generic MIMO block diagram
2.1. Configurations for Spatial Multiplexing (2 and 4 TX Antennas)
For SU-MIMO with spatial multiplexing, the basic transmission structure is given in Figure 1 (analogous to [1]). The maximum number of CWs for SU-MIMO (from Node B and UE perspective) is 2. The dashed-blue boxes indicate the codeword-to-layer (CW2L) mapping:

1. Each CW2L mapping is fixed for a given configuration (number of TX antennas and transmission rank). For rank-1 and 2 transmissions, each CW2L mapper simply passes the data through. For rank-3 and 4 transmissions, each CW2L mapper utilizes a simple S/P or MUX operation as shown in Figure 1(b). For rank-3 and 4, we term the mapping 1-2 (CW1 to layer 1, CW2 to layer 2 and 3) and 2-2 (CW1 to layer 1 and 2, CW2 to layer 3 and 4), respectively. 
2. Further layer arrangement (e.g. grouping, ordering) is considered as codebook-based pre-coding. In [1], a simple grouping codebook was used. However, other codebooks should also be considered (see, e.g. in [2]) especially if they offer better performance for the same pre-coding overhead.
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Figure 2. The proposed codeword-to-layer (CW2L) mapping for spatial multiplexing defined for SU-MIMO. The dashed-blue boxes indicate the CW2L mapping for different configurations (a) 2 TX antennas (b) 4 TX antennas
For MU-MIMO with spatial multiplexing, different possibilities of CW2L mapping can be supported for rank 3 and 4 as pointed out in [3]. The number of options can be limited depending on the allowed scheduling flexibility for MU-MIMO. The structure depends on the number of spatially multiplexed UEs as well as the transmission rank of each UE. 
2.2. CQI Definition
Based on the structure depicted in Figure 2, it seems natural to define the CQI per codeword:

· For rank 1, only 1 CQI is needed.

· For rank ≥2, two CQIs are needed, each associated with 1 codeword. For overhead reduction, one base (full) CQI and one delta (relative) CQI can be used. The base CQI can be defined as the CQI of the first codeword or the maximum CQI across the 2 codewords. Further details are given in [4].
· The two CQIs are readily available at the Node B for SU-MIMO operation.

Alternatively, it is also possible to define the CQI across layers as done in [3]. For rank ≥2:
· Two CQIs are fed back: one base CQI corresponding to the maximum CQI across layers, and one delta CQI which is computed as the average CQI difference across layers. 

· At the Node B, the CQI for each layer can be reconstructed from the base and delta CQIs (e.g. based on an affine linear approximation with some approximation error). Consequently, the CQI for each codeword can be derived from the reconstructed layer CQIs.  
While the second alternative may suffer from some approximation error due to the affine linear model, it allows a fully flexible dynamic switching between SU- and MU-MIMO as defined in [3, 5].
3. Link Level Simulation
The rank 4 mapping in Figure 2(b) is based on the 2-2 pattern. Another possibility given in [3] is the 1-3 pattern as shown in Figure 3. In this section, we present some link level simulation results comparing the two rank-4 mapping patterns assuming the same CW2L mapping patterns for the lower transmission ranks. The assumptions are given in Table xx in the Appendix.
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Figure 3. Two different CW2L mapping schemes: 2-2 and 1-3 mappings for 4 TX antennas
Three different codebooks are simulated:
· 3-bit codebook: grouping codebook (basic codebook in [6])
· 4-bit codebook: Householder-based codebook in [2].

· 5-bit codebook: based on CQI ordering across layers in [3].

Pre-coder selection is based on the maximum sum-throughput criterion. The pre-coding granularity is set to 2 RBs.
The results are depicted in Figures 4 and 5  for LMMSE and SIC receiver, respectively. Observe that both mapping patterns yield the same performance with LMMSE receiver. With SIC receiver, however, the 2-2 pattern outperforms the 1-3 pattern by approximately 3-4% within the moderate to high geometry region. It is also interesting to observe that the 4-bit codebook in [2] outperforms the 5-bit ordering codebook in [3].
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Figure 4. Results with SCME-C and SCME-D channels: LMMSE receiver
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Figure 5. Results with SCME-C and SCME-D channels: SIC receiver
4. Conclusion

In this contribution, the details of multi-codeword MIMO were discussed in the context of spatial multiplexing. We focused on SU-MIMO while the extension to MU-MIMO was also discussed. To affirm the choice of codeword-to-layer mapping for rank 4 (with 4 TX antennas), link level simulations were performed. It was concluded that the 2-2 mapping pattern offers slightly better performance than the 1-3 mapping pattern for SIC receiver. Moreover, the 2-2 mapping pattern results in the same set of transport formats for rank 3 and 4 (TF corresponding to 1 and 2 layers).  
In summary, the features of the spatial multiplexing scheme for E-UTRA are:

1. Fixed codeword-to-layer mapping for each configuration (rank, number of TX antennas) 

2. For 4 TX antennas, 1-2 mapping for rank 3 and 2-2 mapping for rank 4 are employed

3. Generic pre-coding block following the codeword-to-layer mapping

Appendix: Simulation Assumptions
	Parameter
	Assumption

	Bandwidth
	5 MHz

	TTI size
	1.0 ms

	Resource block size
	180 kHz

	Channel model
	4x4: SCME-C and D 

	UE speed
	3 kmph

	FEC
	3GPP Turbo code

	MCS Levels
	QPSK r = 1/5, 1/4, 1/3, 2/5, ½, 3/5, 2/3, ¾ 

16QAM r = 2/5, 9/20, ½, 11/20, 3/5, 2/3, ¾, 4/5, 5/6 

64QAM r = 3/5, 5/8, 2/3, 17/24, ¾, 4/5, 5/6   

	MCS selection in frequency domain
	Common across all RBs

	CQI delay
	4 TTIs

	CQI quantization
	Full CQI: 5 bits 
Delta CQI: 3 bits

	Rank adaptation
	common rank across RBs: {1, 2, 3, 4} 

	MIMO receiver
	LMMSE, SIC 

	Maximum number of transmissions
	4 (including the first transmission) with Chase combining


Table A.1. Link Level Simulation Assumptions
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