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Introduction
In RAN1 NR-AH, the following agreement on DL MIMO was made [1]: 
	Agreements:
· RAN1 will down select among followings and select one alternative in the next meeting
· Alt. 1: NR supports single CW per PDSCH/PUSCH assignment per UE for 1 and 2 layers
· One UL- or DL-related DCI includes one HARQ-related (NDI and RV) fields
· FFS: the number of CQIs and MCS fields in DCI
· FFS: number of CWs for 3 and more layers
· Alt. 2: NR supports configurability regarding the number of CWs for 1 and 2 layers
· Alt. 3: NR supports 2 CWs for 2 layers



In this contribution, system-level throughout comparison between 1-CW and 2-CW transmissions is presented.

[bookmark: _Ref471392482]LTE layer mapping
Assuming 16 and 32 antenna ports with (N1, N2) = (2, 4) and (4, 4) where N1 and N2 are number of antenna ports in first and second dimensions, respectively, the performance of the LTE layer mapping (denoted as “2 CWs”) is compared with single CW symbol-level layer mapping (see section 4, denoted as “1 CW”). The results for maximum number of layers of 2, 4, and 8 are given in Table 1, Table 2, and Table 3, respectively. The rest of the simulation assumptions are provided in Table 4 in appendix.
	
Resource utilization (RU) is chosen such that higher ranks can be scheduled with higher occurrences. With this setup, performance loss (if any) due to lower MCS granularity of “1 CW” (compared to “2 CW”) is fairly captured in the simulation. To demonstrate this, the rank distributions for 16- and 32-port scenarios (assuming SU-MIMO transmission) are given in Figure 2 and Figure 3, respectively.  

[bookmark: _Ref447191541]Table 1: UMi-2GHz, UPT (Mbps) maximum number of layers = 2
	#ports
	Scheme
	Max
# CWs
	Avg. UPT
	50% UPT
	5% UPT
	Avg. UPT
gain
	50% UPT
gain
	5% UPT
gain
	RU

	16
	SU
	1
	25.26
	22.58
	7.71
	100.0%
	100.0%
	100.0%
	47.5%

	
	
	2
	24.35
	21.37
	7.08
	96.4%
	94.7%
	91.8%
	49.2%

	
	MU
	1
	30.63
	30.37
	10.18
	100.0%
	100.0%
	100.0%
	42.6%

	
	
	2
	29.05
	27.82
	8.91
	94.9%
	91.6%
	87.5%
	45.0%

	32
	SU
	1
	28.36
	25.98
	9.79
	100.0%
	100.0%
	100.0%
	43.5%

	
	
	2
	27.65
	25.26
	9.36
	97.5%
	97.2%
	95.6%
	44.3%

	
	MU
	1
	34.30
	34.38
	12.91
	100.0%
	100.0%
	100.0%
	38.9%

	
	
	2
	33.30
	33.12
	11.88
	97.1%
	96.3%
	92.1%
	40.3%



[bookmark: _Ref472293371]Table 2: UMi-2GHz, UPT (Mbps) maximum number of layers = 4
	#ports
	Scheme
	Max
# CWs
	Avg. UPT
	50% UPT
	5% UPT
	Avg. UPT
gain
	50% UPT
gain
	5% UPT
gain
	RU

	16
	SU
	1
	45.58
	42.02
	16.59
	100.0%
	100.0%
	100.0%
	31.1%

	
	
	2
	43.81
	39.00
	15.74
	96.1%
	92.8%
	94.8%
	32.6%

	
	MU
	1
	54.38
	49.62
	19.09
	100.0%
	100.0%
	100.0%
	26.9%

	
	
	2
	52.51
	46.65
	17.77
	96.6%
	94.0%
	93.1%
	28.5%

	32
	SU
	1
	50.34
	46.71
	19.61
	100.0%
	100.0%
	100.0%
	28.3%

	
	
	2
	48.67
	44.31
	18.65
	96.7%
	94.9%
	95.1%
	29.7%

	
	MU
	1
	59.97
	55.79
	23.13
	100.0%
	100.0%
	100.0%
	24.5%

	
	
	2
	58.58
	54.49
	21.94
	97.7%
	97.7%
	94.9%
	25.8%



[bookmark: _Ref472293377]Table 3: UMi-2GHz, UPT (Mbps) maximum number of layers = 8
	#ports
	Scheme
	Max 
# CWs
	Avg. UPT
	50% UPT
	5% UPT
	Avg. UPT
gain
	50% UPT
gain
	5% UPT
gain
	RU

	16
	SU
	1
	80.40
	75.53
	31.55
	100.0%
	100.0%
	100.0%
	19.8%

	
	
	2
	78.53
	72.68
	28.37
	97.7%
	96.2%
	89.9%
	20.6%

	
	MU
	1
	93.46
	88.26
	37.59
	100.0%
	100.0%
	100.0%
	17.4%

	
	
	2
	91.93
	86.40
	32.73
	98.4%
	97.9%
	87.1%
	18.1%

	32
	SU
	1
	90.03
	84.28
	37.72
	100.0%
	100.0%
	100.0%
	17.6%

	
	
	2
	87.72
	82.40
	34.71
	97.4%
	97.8%
	92.0%
	18.3%

	
	MU
	1
	105.64
	100.55
	45.21
	100.0%
	100.0%
	100.0%
	15.5%

	
	
	2
	102.74
	98.47
	39.63
	97.3%
	97.9%
	87.7%
	16.2%





[bookmark: _Ref473069120]Figure 2: Rank distribution for 16 ports

[bookmark: _Ref473069127]Figure 3: Rank distribution for 32 ports
The slight degradation of “2 CWs” relative to “1 CW” is partly attributed to the higher sensitivity to link adaptation and CSI measurement impairments. This is expected since “2 CWs” relies on higher MCS granularity over “1 CW” and benefits from less averaging per CW (which improves robustness against CSI measurement impairments). 
It should be noted that LTE supports large delay CDD (LD-CDD) which performs layer shifting/permutation for “open-loop spatial multiplexing.” That LD-CDD offers increased robustness against CSI impairments for 2-CW systems can be explained by the same mechanism as transmitting a data stream (associated with one CW) across different layers in the case of single CW. In other words, single CW transmission inherently possesses the robustness of LD-CDD without the need for supporting LD-CDD itself – unlike the 2-CW transmission.    
In addition, multi-CW does not offer any gain over single-CW, employing different modulations across different layers is not expected to bring any gain. 

Observation: In terms of user throughput, the performance of “I CW” and “2 CWs” are similar
· 1-CW transmission seems to exhibit better robustness against CSI measurement impairments, a property analogous to layer shifting/permutation needed for 2-CW transmissions 
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In this contribution, performance comparison between 1-CW and 2-CW transmissions is presented. The following observation was made:
· In terms of user throughput, the performance of “I CW” and “2 CWs” are similar
· 1-CW transmission seems to exhibit better robustness against CSI measurement impairments, a property analogous to layer shifting/permutation needed for 2-CW transmissions 
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	Parameters
	Values

	Simulation Type
	Non-full-buffer (Low load 30% Target RU, Lambda = 4)

	Channel model
	UMi-2GHz

	Number of BS (H,V) antenna elements
	(8,8), x-polarized, subarray partition

	(N1,N2, P) 
	16, 32 ports: (2,4,2), (4,4,2) 

	BS (H,V) antenna spacing
	(0.5, 0.8)λ

	BS and MS antenna polarizations
	BS: (+45°,-45°); MS: (0°, 90°)

	Number of UE antennas
	2 (for max rank = 2), 4 (for max rank = 4), 8 (for max rank = 8)

	SU/MU pre-coding
	SLNR

	Scheduling
	SU, Proportional fair 
MU, Proportional fair, up to 4 layers (8 for max rank = 8)

	Channel estimation
	Non-ideal

	Transmission rank
	1,2,…, max rank

	Receiver 
	MMSE-IRC

	CSI measurement
	Modeled



Max 2 layers	Rank 1	Rank 2	Rank 3	Rank 4	Rank 5	Rank 6	Rank 7	Rank 8	0.16300000000000001	0.83699999999999997	0	0	0	0	0	0	Max 4 layers	Rank 1	Rank 2	Rank 3	Rank 4	Rank 5	Rank 6	Rank 7	Rank 8	1.6E-2	0.247	0.32800000000000001	0.40799999999999997	0	0	0	0	Max 8 layers	Rank 1	Rank 2	Rank 3	Rank 4	Rank 5	Rank 6	Rank 7	Rank 8	1E-3	3.5999999999999997E-2	0.111	0.19700000000000001	0.17399999999999999	0.14799999999999999	0.108	0.22500000000000001	



Max 2 layers	Rank 1	Rank 2	Rank 3	Rank 4	Rank 5	Rank 6	Rank 7	Rank 8	0.105	0.89500000000000002	0	0	0	0	0	0	Max 4 layers	Rank 1	Rank 2	Rank 3	Rank 4	Rank 5	Rank 6	Rank 7	Rank 8	6.0000000000000001E-3	0.16900000000000001	0.31	0.51500000000000001	0	0	0	0	Max 8 layers	Rank 1	Rank 2	Rank 3	Rank 4	Rank 5	Rank 6	Rank 7	Rank 8	1E-3	1.6E-2	7.0999999999999994E-2	0.14899999999999999	0.17499999999999999	0.159	0.129	0.30099999999999999	



