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Introduction
In the RAN1#74bis meeting, the agreements for the Phase-2 calibration were the following [1]:
· Phase-2 calibration details
· BS antenna configuration:
· Config 1: K=1, M=2, N=2, ULA, 0.5λ H/V  spacing
· Config 2: K=M=10, N=2, X-pol, 0.5λ H/V spacing with the antenna weights in the working assumption with θtilt = 12 degrees
· MS antenna configuration: 2 antennas with the same pol as BS
· System bandwidth: 10 MHz
· The following metrics for the serving cell are calibrated for each antenna configuration (collected over multiple runs)
· CDFs of ESD and ESA
· CDF of average wideband SINR before receiver (i.e., geometry) 
· CDF of largest (1st) singular value in PRBs at t=0
· CDF of smallest (2nd) singular value in PRBs at t=0
· CDF of the ratio between the largest singular value and the smallest singular value in PRBs at t=0
· Additional details 
· Dimension of the channel matrix: 
· 2 x (number of BS antenna ports)
· Singular value calculation
· Derived with channel matrices where antenna gain is applied but PL and shadowing are not modeled, 
· Singular values are calculated on a per PRB basis by 
· eig(∑HHH)/N , where the summation is across the PRB and N is number of subcarriers in the PRB
In this contribution, we provide the simulation results for the Phase-2 calibration according to the simulation details from email discussion of RAN1#75 meeting.
[bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
Basically, all parameters of 3D channel modeling have been determined or agreed as working assumption after RAN1#75 email discussion. Before discussing the transmission scheme e.g. CSI-RS and feedback redesign, calibration for fast fading on channel model i.e. phase 2 calibration, has to been conducted among 3GPP members to assure the correctness of 3D channel model. According to the simulation details formed in the email discussion after RAN1#75 [2], we provided our simulation results based on Geographical distance both for UMa and UMi scenario and two antenna configurations (antenna configuration 1: K=1,M=2,N=2,ULA , antenna configuration2 : K=M=10, N=2, X-pol, 0.5λ H/V spacing with the antenna weights in the working assumption with θtilt = 12 degrees).
As shown in Figure 1 and Figrue 5, the performance formed as geometry of antenna configuration 1 is smaller than that of configuration 2 both for two scenarios, because there is only 2 antenna ports for configuration 1 but 4 for configuration 2.  
As the azimuth spread in the ITU 2D channel model, the distributions of ZSD and ZSA are also as log normal distribution. However, the mean of ZSD are related with the 2D distance between the UE and eNB antenna array. As shown in Figure 2 and Figure 6, the EOA spread have larger distribution than EOD spread since the parameter µZSD is generally smaller than µZSA (as table 7.3-6 to 7.3-8 in [3]). In addition, the cell selection for UEs has marginal difference for the two configurations since different antenna configuration may lead to different RSRP calculation when UE attachment method based on all rays is used, i.e. a UE, especially cell edge UE may selected different serving cell with different antenna configurations. Therefore, there may be difference in 2D distance between UE and its serving cell for the two types of antenna configurations. That explains why the marginal gap of ESD distribution between the two antenna configurations. Also, the difference of 2D distance will introduce difference for the auto-correlated random numbers, which further leads to the marginal difference for ESA distribution.
Since the co-polarization is used both for antennas of eNB and UE in configuration 1, but configuration 2 is assumed with cross-polarized antennas, the different configurations lead that the relation of antennas is smaller in config.1 than one of configuration 2. Therefore, rank 1 is selected more frequently in configuration 1. In contrast, there are more rank 2 reports in configuration 2. As shown in the Figure 3, 4, 7, and 8 for scenario UMa and UMi, respectively, the difference between the first and the second singular value for antenna configuration 1 is much larger than that of configuration 2. The larger singular value represent more channel gain in the corresponding eigen-vector. By the eigen-decomposition of the channel matrix, the larger difference of the two eigen-values indicates higher antenna correlation. Therefore, the phenomenon shown in these Figures is identical with our analysis. Additionally, since there are 4 antenna ports in the configuration 2, the singular values are larger than the corresponding ones in configuration 1, which only has 2 antenna ports instead.
UMa Scenario
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Figure 1 CDF of geometry distribution for UMa
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Figure 2 CDF of ESD and ESA for UMa
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[bookmark: OLE_LINK25][bookmark: OLE_LINK26]Figure 3 CDF of sv(singular value) in PRBs at t=0 for UMa
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Figure 4 CDF of ratio between the largest singular value and the smallest singular value in PRBs at t=0 for UMa

UMi Scenario
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Figure 5 CDF of geometry distribution for UMi

[image: C:\Users\2171490101502\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\MGGS9BE3\ESD (3).jpg]
Figure 6 CDF of ESD and ESA for UMi
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Figure 7 CDF of sv(singular value) in PRBs at t=0 for UMi
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Figure 8 CDF of ratio between the largest singular value and the smallest singular value in PRBs at t=0 for UMi
Conclusion
In this contribution, we provided the initial simulation results for the Phase-2 calibration based on the approved simulation assumptions listed in the appendix.  
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Appendix
Table 1 simulation assumption for phase-2 calibration
	
	Phase-2 calibration

	Scenarios
	3D-UMa, 3D-UMi

	BS antenna configurations
	Config 1: K=1, M=2, N=2, ULA, 0.5λ H/V  spacing
Config 2: K=M=10, N=2, X-pol (+/-45), 0.5λ H/V, θetilt = 12 degrees

	MS antenna configurations
	config 1: 2 Rx ULA 0.5λ H  spacing
config 2: 2Rx X-pol (0/+90)

	System bandwidth
	10MHz (50RBs) 

	UE attachment 
	Based on RSRP (formula) from CRS port 0

	Carrier Frequency 
	2GHz 

	UE distribution 
	Follows 36.873 3D-UMa, 3D-UMi

	UE Speed 
	3 km/h

	Polarized antenna modeling
	R1-136021 (yellow part)

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1

	Wrapping method
	[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Geographical distance based (baseline)

	Cluster elimination step 6
	scaling factor not changed after cluster elimination

	Handover margin (for calibration)
	0 dB

	Metrics
	Wideband SINR before receiver – determined from RSRP (formula) from CRS port 0

	
	CDF of ZSD

	
	CDF of ZSA

	
	CDF of largest (1st) singular value in PRBs at t=0 plotted in log10 scale

	
	CDF of smallest (2nd) singular value in PRBs at t=0 plotted in log10 scale

	
	CDF of the ratio between the largest singular value and the smallest singular value in PRBs at t=0 plotted in log10 scale
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