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Introduction
In [86-20] e-mail discussion, a phased approach is agreed for MIMO system/link level calibration [1] and in RAN1 #88, the following summary for NR MIMO calibration was agreed [2].
	Agreements:
· System level and link level NR MIMO calibration has been conducted through the following phased approaches:
· Phase 1: Calibration is to check the link and system level channel models with basic beamforming behavior in terms of SNR/SINR distribution.
· Phase 2: Calibration is to check the link/system level performance through observing the metrics of BLER, spectrum efficiency and outage.
· Phase 3: Calibration is to check the additional link (if necessary)/system-level features including UE movement, UE rotation and channel blockage in terms of coupling loss, ASA, SINR and spectral efficiency. 
· Capture following simulation assumptions and results in TR 38.802. 
· R1-1701823 Evaluation assumptions for Phase 1 NR MIMO link level calibration 
· R1-1703534 Evaluation assumptions for Phase 1 NR MIMO system level calibration 
· R1-1703535 Evaluation assumptions for Phase 2 NR MIMO link level calibration
· R1-1703536 Evaluation assumptions for Phase 2 NR MIMO system level calibration
· R1-1701828 Evaluation assumptions for Phase 3 NR MIMO system level calibration
· R1-1701829 Calibration results for Phase 1 NR MIMO link level calibration
· R1-1701830 Calibration results for Phase 1 NR MIMO system level calibration



Based on the agreed evaluation assumptions [3], companies are encouraged to submit their calibration results and implementation details. In this contribution, we provide our phase 2 system level NR MIMO calibration results for indoor hotspot and dense urban macro scenarios. 
Evaluation results
In this section, we provide user spectral efficiency (SE) results of phase 2 system level calibration for indoor hotspot (30GHz, 12 sites) and dense urban macro (4GHz) scenarios. Table 1 shows 5, 50, and 90-percentile of SE distribution along with mean SE where user SE is calculated as follows: 
.

Table 1: Spectral efficiency results (in bps/Hz)
	
	5% SE
	50% SE
	95% SE
	Mean SE

	Indoor hotspot
	0.10
	0.36
	0.60
	0.31

	Dense urban macro
	0.08
	0.30
	0.55
	0.27



Figure 1 shows CDF of user SE for each scenario. To obtain the results, MMSE-IRC algorithm is adopted for UE receiver while the MMSE-IRC receiver was calculated based on the estimated channel from LTE DM-RS pattern [3]. On the transmit side, rank-1 SU-MIMO transmission based on SVD precoder is utilized. Detailed evaluation assumptions used for the evaluation can be found in Appendix.  
[image: ]
Figure 1. CDF of spectral efficiency for Indoor Hotspot and Dense Urban Macro scenarios


Conclusion
[bookmark: _GoBack]In this contribution, phase 2 system level calibration results for indoor hotspot and dense urban macro scenarios based on the agreed evaluation assumptions has been provided. 
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Appendix – Evaluation assumptions

Table A: Evaluation Assumptions for Phase 2 Indoor Hotspot System-level Calibration
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	40MHz

	Subcarrier Spacing
	60kHz

	Channel Model
	Indoor in TR 38.900

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	Criteria for selection for serving TRP
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered. The selection is done per drop, i.e., only at the beginning of drop and kept unchanged.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming. The selection is done per drop, i.e., only at the beginning of drop and kept unchanged.

	Criteria for Beam Selection for interfering TRP
	Considering the real traffic in adjacent cells, the actual beam or SVD precoder that is used by the non-serving TRPs in its data transmission is used as interfering beams.

	Constraints for the range of selective beams per TRP sector
	[0, 180] in azimuth domain and [0, 180] in zenith domain

	Scheduling algorithm
	Round robin

	ISD
	20m

	BS Tx power
	23dBm

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (4,8,2,1,1). 
(dV,dH) = (0.5, 0.5)λ
Notes: Boresight direction is perpendicular to the ceiling. 

	UE Configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. 
(dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180;
Notes: the polarization angles are 0 and 90

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 0 degree, , ΩUT, = 0 degree

	BS antenna pattern
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]See single sector pattern wall-mount pattern in Table A.2.1-7 in TR 38.802

	UE antenna pattern
	See Table A.2.1-8 in TR 38.802




Table B: Evaluation Assumptions for Phase 2 Dense-Urban (Macro-layer) System-level Calibration
	Attributes
	Values or assumptions

	Carrier Frequency
	4 GHz

	Mode
	DL only

	Bandwidth
	20MHz

	Subcarrier Spacing
	15kHz

	Channel Model
	3D-UMa in TR36.873

	O2I penetration loss
	Follow TR 36.873

	TXRU mapping to antenna elements
	One TXRU per vertical dimension per polarization

	TXRU mapping weights
	TXRU virtualization only in the vertical dimension (i.e. 1D virtualization) using DFT, i.e., 1D sub-array partition model defined in TR36.897

	Criteria for selection for serving TRP
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered. The selection is done per drop, i.e., only at the beginning of drop and kept unchanged.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming. The selection is done per drop, i.e., only at the beginning of drop and kept unchanged.

	Criteria for Beam Selection for interfering TRP
	Considering the real traffic in adjacent cells, the actual beam or SVD precoder that is used by the non-serving TRPs in its data transmission is used as interfering beams.

	Constraints for the range of selective beams per TRP sector
	[-60, 60] in azimuth domain and [100, 160] in zenith domain

	Scheduling algorithm
	Round robin

	Traffic Model
	Full buffer

	BS antenna element radiation pattern
	According to TR36.873

	UE antenna element radiation pattern
	Omnidirectional

	ISD
	200m

	BS Tx power
	44dBm

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (8,8,2,1,1)
(dH,dV) = (0.5, 0.8)λ 

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 0 degree 
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