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1. Introduction

In RAN1#46bis meeting in Seoul, the maximum number of codewords for downlink MIMO was decided to be two for one UE. However, the maximum number of layers should be 4. This mist-matching in the numbers between codewords and layers leads to the consideration of codeword-to-layer mapping. In this contribution, we discuss the codeword-to-layer mapping for SU-MIMO.
2. Combinations of codeword-to-layer mapping
In table 1, we show the possible combinations of codeword-to-layer mapping for SU-MIMO considering 4x4 antenna configuration. We assume that the first codeword is detected first when we use an SIC receiver. Note that in ‘(…, …)’ combination each digit before ‘,’ denotes the layer belonging to the first codeword and after ‘,’ denotes the layer belonging to the second codeword, respectively. Number 0 indicates that no layer is assigned to the codeword. For example, in (1,23) combination the first codeword is mapped to layer 1 and the second codeword is mapped to layer 2 and layer 3. As shown in table 1, there are too many combinations of codeword-to-layer mapping. Hence, we study the reduction of the number of combinations with smaller performance loss in terms of sum of reported rate through CQI reporting.
Table 1. All combinations of codeword-to-layer mapping for downlink SU-MIMO (4x4 case).
	Rank
	Combinations
	Comments

	1
	(1,0) (2,0) (3,0) (4,0)
	

	2
	(1,2) (2,3) (3,4) (4,1) (1,3) (2,4)
	SCW combination such as (12,0) excluded. 

	
	(2,1) (3,2) (4,3) (1,4) (3,1) (4,2)
	

	3
	(1,23)(2,31)(3,12) (2,34)(3,42)(4,23) (3,41)(4,13)(1,34) (4,12)(1,24)(2,41)
	SCW combination such as (123,0) excluded.

	
	(23,1)(31,2)(12,3) (34,2)(42,3)(23,4) (41,3)(13,4)(34,1) (12,4)(24,1)(41,2)
	

	4
	(12,34) (13,24) (14,23)
(1,234) (2,341) (3,412) (4,123)
	SCW combination such as (1234,0) excluded.

	
	(34,12) (24,13) (23,14)

(234,1) (341,2) (412,3) (123,4)
	


It is common understanding that MCW outperforms SCW when we employ an SIC receiver. Hence, we decided to support MCW for downlink MIMO. In this contribution, we exclude SCW combination for each rank to reduce the number of combinations.

2.1 SIC order

When we assume an SIC receiver, the reported rate through CQI may be dependent on the order of SIC. That is, the layer detection order may impact on the reported rate. We investigate this aspect with simulation. In this simulation, we don’t consider pre-coding. The simulation assumptions are in table 2. 
Table 2. Simulation assumptions

	Bandwidth
	5 MHz

	MCS levels
	QPSK: 1/3, 1/2, 2/3, 3/4, 4/5

16QAM: 1/2, 2/3, 3/4, 4/5

	Antenna configuration
	4x4

	Channel model
	Ped B

	Mobile speed
	3 Km/h

	Channel estimation
	Perfect

	FFT size
	512

	Active sub-carriers
	300

	The other OFDM parameters
	Based on [1]


2.1.1 Rank 2

Consider (1,2) and (2,1) combinations in rank 2. In figure 1, we show the sum rate of reported CQI for each codeword. In this simulation, we assume that reported CQI for this combination is always based on rank 2 to isolate the effect of rank 2 only. 
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Figure 1. The reported sum rate for codewords in (1,2) and (2,1) combinations
The ‘Max’ of legend in figure 1 represents the maximum of instantaneous sum rate of (1,2) combination and instantaneous sum rate of (2,1) combination. As shown in figure 1, the achievable gain with flexible SIC ordering is less than 5 %. Similar result can be expected in other combinations in rank 2. 
2.1.2 Rank 3

Consider (1,23) and (23,1) combinations in rank 3. In figure 2, we show the sum rate of reported CQI for each codeword. In this simulation, we assume that reported CQI for each codeword is always based on rank 3 to isolate the effect of rank 3 only.
As shown in figure 2, the achievable gain with flexible SIC ordering is very small. From this result, it is better to firstly detect codeword mapped to one layer rather than two layers. For the other combinations in rank 3, we can expect similar result to be obtained. 
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Figure 2. The reported sum rate for codewords in (1,23) and (23,1) combinations.
2.1.3 Rank 4
In rank 4, we consider four combinations: (12,34), (34,12), (1,234), and (234,1) combinations. In figure 3, we show the sum rate of reported CQI for each codeword. In this simulation, we assume that reported CQI for each codeword is always based on rank 4 to isolate the effect of rank 4 only.
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Figure 3. The reported sum rate for (12,34), (34,12), (1,234), and (234,1) combinations.
As shown in figure 3, the (12,34) combination gives better performance than that of (1,234) combination. Additionally, flexible SIC order provides little improvement on the performance when we see the result from (12,34) and (34,12) combinations compared to ‘Max’. From this result, it is reasonable that the maximum number of layers per codeword is up to 2 in rank 4.
2.2 Impact of reduced number of combinations
In this section, we investigate the more possibility of reducing the number of combinations. When we select the combinations from possible combinations in each rank, we consider observations in previous sections. To provide the better performance in high SNR, we choose more combinations in rank 3 and rank 4 for the set of 8 combinations and the set of 15 combinations, respectively. We give possible examples of reduced number of combinations of codeword-to-layer mapping in table 3. Compared with Case A, Case B and Case C may require additional signaling bit(s). As shown in figure 4, the performance degradation for the reduced number of combinations is very small. We can see that the performance loss in Case A is less than 5 % and almost maximum performance can be achieved with Case B. From this result, we can expect that only one combination per rank seems to be enough for codeword-to-layer mapping for SU-MIMO.
Table 3. Possible examples of reduced number of combinations of codeword-to-layer mapping
	Rank
	Case A
	Case B
	Case C

	1
	(1,0) 
	(1,0)
	(1,0) (2,0) (3,0) (4,0)

	2
	(1,2) 
	(1,2)
	(1,2) (2,3) (3,4) (4,1)

	3
	(1,23) 
	(1,23) (2,34) (3,41)
	(1,23) (2,34) (3,41) (4,12)

	4
	(12,34)
	(12,34) (13,24) (14,23)
	(12,34) (13,24) (14,23)
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Figure 4. The reported sum rate for reduced number of combinations.

3. Conclusions
In this contribution, we investigate the several aspects of codeword-to-layer mapping for SU-MIMO. From simulation results, we propose as follows: 

· SCW combination is excluded in rank 2, 3, and 4.

· In case of rank 3, a codeword mapped to one layer rather than two layers could be detected first to provide better performance.

· In case of rank 4, the maximum of 2 layers per codeword seems to be reasonable.

· Only one combination of codeword-to-layer mapping per rank seems to be enough for codeword-to-layer mapping.

It may be required to additionally investigate aspects of codeword-to-layer mapping for MU-MIMO.
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