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1 Introduction

Related to the NAICS SI [1] this contribution presents simulation results according to agreed phase I evaluation [2] and SU-MIMO [3] way forward documents from the previous meeting.
2 Phase I simulation results

The phase I simulations were made assuming the 5-25% geometry factor range from [4] assuming 40 % RU and either 50 or 80th percentile I{1,2}/Noc values. The interferer power-to-noise levels are also summarized in Table 1 being reproduced from the TR [4]. Further simulation parameters can be found from Appendix 1 but the simulated channel profile is IID EPA. The simulation setup is symmetric in the sense that the RI equals 1 and equal MCS is transmitted from all cells and only TM9 is studied. All cells also transmit all the time. The channel estimation from the interfering cell is improved by allocating mutually orthogonal DM-RS sequences between the serving and the interfering cells.
The gains over baseline for L-CWIC, SLIC and R-ML receivers are summarized in Table 2 at the throughput level which is 70 % from the maximum throughput. The simulated throughput curves can be found from Appendix 2. Some of the previous discussion assumed MCS 5, 14 and 24 to be studied but combining MCS 5 and 80th percentile I1/Noc power leads to an operation point at very low geometry factor being far away from the original assumed geometry range. Hence, only MCS 14 is shown. Some additional MCSs are simulated for the 50th percentile range. It can be observed that R-ML and SLIC achieve somewhat similar performance gain in these specific conditions. The L-CWIC receiver can outperform these receivers mainly when the coderate is relatively low.
Table 1. Agreed settings on SINR, I1/Noc, and I2/Noc (in dB) for NAICS scenario-1 
	5-25% geometries

	SINR_min
	-3.70
	 
	 
	 
	 
	 
	 
	 

	SINR_max
	1.14
	 
	 
	 
	 
	 
	 
	 

	I1/Noc(40%)@20%-tile
	3.28
	diff=
	I1/Noc(40%)@50%-tile
	7.77
	diff=
	I1/Noc(40%)@80%-tile
	13.91
	diff=

	Conditioned median I2/Noc
	0.74
	2.54
	Conditioned median I2/Noc
	2.29
	5.47
	Conditioned median I2/Noc
	3.34
	10.56

	I1/Noc(60%) @20%-tile 
	1.94
	diff=
	I1/Noc(60%) @50%-tile
	6.33
	diff=
	I1/Noc(60%)@80%-tile
	12.33
	diff=

	Conditioned median I2/Noc
	-0.56
	2.50
	Conditioned median I2/Noc
	0.76
	5.57
	Conditioned median I2/Noc
	1.67
	10.66


Table 2. Phase I simulation results.
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3 Discussion SU-MIMO simulations
In the way forward paper for SU-MIMO [3] following test case was agreed to be used as a comparison point:
· Test 3: 36.101 Dual-Layer Spatial Multiplexing (TM 9), Section 8.3.1.2
With proposed modifications as below:
· Baseline setup: Current FRC setup with medium correlation, synchronous network

· Optional setup: OLLA with follow CQI and PMI, Rank 2, medium correlation, Doppler 5Hz, synchronous network
The performance with link and rank adaptation enabled is shown in Figure 1. The simulation are carried out in white noise conditions, hence advanced receivers only process layers from serving cell. In the medium correlation case it can be observed that rank adaptation mostly prefers rank 1 transmission at the geometry factor of 13 dB which is close to the SNR used in the test. It can also be observed that R-ML and L-CWIC perform similarly. By looking at the Figure 2 one can observe that forcing dual layer transmission the throughput is reduced at lower end compared to the case that number of layers are adapted based on UE feedback. In this case the L-CWIC may have some advantage.
Finally, the FRC simulation where 16QAM ½-rate coded MCS is transmitted from both layers is depicted in Figure 3. The advanced receiver performance gain at the 70 % throughput level is relatively small being 0.5 or 0.1 dB for L-CWIC and R-ML receivers, respectively. Two issues contribute to the performance, the medium correlation case reduces the probability that dual layer transmission would be favoured over single layer one and symmetric FRC setting might not be typical in these conditions. Hence, one could look the performance with link and rank adaptation at least in the SI phase.
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Figure 1. SU-MIMO performance with link and rank adaptation
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Figure 2. SU-MIMO performance with link adaptation but only dual layer transmission used
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Figure 3. SU-MIMO performance with FRC
4 Conclusion

This contribution depicts phase I simulation results for NAICS. High MCS values are simulated for the 80th percentile I1/Noc case in order to maintain operating point at the original targeted geometry factor range. More low-end MCSs are simulated for the 50th percentile case. The R-ML and SLIC may provide similar performance and generally L-CWIC can outperform these two in the cases where the coderate is low. In the SU-MIMO case, one could look the performance with link and rank adaptation at least in the SI phase because in the medium correlation setting the dual layer transmission may not be used that often at the target geometry factor level. Furthermore, symmetric MCS selection might not be the best possible in these conditions. On the other hand, at the target setting, both R-ML and L-CWIC seem to achieve similar performance gain if link and rank adaptation is considered.
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Appendix 1: Simulation parameters
Table 3. Simulation parameters

	Parameter
	Value

	Carrier frequency and bandwidth
	2 Ghz, 10 MHz

	cell timing in the network
	Synchronous

	Interference scenario
	Phase I: NAICS scenario 1 (homogenous)

SU-MIMO: white noise

	Interference level values
	Refer to Table 1

	Number of explicitly modelled interfering cells
	Phase I: 2

SU-MIMO: N/A

	Rank and MCS in interfering cells
	Phase I: refer to Table 2
SU-MIMO: N/A

	CRS configuration 
	2 AP CRS, same shift applied in all cells 

	Resource allocation
	Wideband, 50 PRB

	Cyclic prefix
	Normal

	Propagation channel
	EPA5

	Transmission mode
	2x2 precoded MIMO

	Codebook
	Rel-8 2-tx codebook

	PMI granularity
	Phase 1: Wideband, 50 PRB

SU-MIMO: 1 PRG

	HARQ
	Up to 3 retransmissions

	Serving cell transmission
	Phase 1: refer to Table 2
SU-MIMO: Rank and link adaptation, outer loop link adaptation

	Receiver algorithms
	LMMSE-IRC (as in TR36.829), L-CWIC and R-ML

	Channel estimation
	DM-RS based estimation, increased DM-RS orthogonality

	CQI estimation
	Phase 1: N/A

SU-MIMO: CSI-RS and IMR based estimation, 5 subframe periodicity


Appendix 2: Phase I link performance
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Figure 4. MCS 14 at 80th percentile I1/Noc.
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Figure 5. MCS 5 at 50th percentile I1/Noc.
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Figure 6. MCS 9 at 50th percentile I1/Noc.
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Figure 7. MCS 10 at 50th percentile I1/Noc.
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Figure 8. MCS 14 at 50th percentile I1/Noc.
