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1
Introduction
The 3D channel model calibration work has been done in RAN1 with a phased approach. The phase 1 calibration covers large scale channel characteristics including coupling loss, geometry, and LoS angle distributions with several antenna configurations. The phase 2 calibration includes short term channel characteristics such as a distribution of elevation angular spread and singular value distribution. Baseline calibration evaluates the spectral efficiency for a polarized antenna configuration. So far, the phase 1 calibration results have been relatively well aligned among the companies. However, it seems that the phase 2 and baseline results need to be further calibrated.
Therefore, in this contribution, we provide updated phase 2 calibration and baseline results based on the agreed simulation assumptions. 
2
Phase 2 Calibration Results
For the phase 2 calibration, two antenna configurations such as config. 1 (K=1, M=2, N=2, ULA) and config. 2 (K=M=10, N=2, X-pol) are assumed to evaluate wideband SINR, elevation angular spread (ZSD, ZSA), and singular value distributions for UMa and UMi environments. Some more details of simulation assumptions are listed in the table 1 in Annex. 
The figure 1 shows CDF of wideband SINR according to the antenna configuration in 3D-UMa and 3D-UMi channels. It is observed from the figures that, in UMa case, config. 2 provides better wideband SINR distribution over config. 1 as its vertical beam downtilt may reduce inter-cell interference.
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(a) UMa                                    (b) UMi 

Figure 1. CDF of wideband SINR for UMa and UMi according to the antenna configuration 
The figure 2 shows the 1st and 2nd singular value distributions according to the antenna configuration with 3D channel model. It is computed based on the channel of the UEs towards their corresponding serving cells. As seen in the figure, the antenna config. 1 has a relatively huge gap between 1st and 2nd singular value distribution which may imply that beamforming may be the better fit for the antenna config. 1. On the other hand, it is observed that the 1st and 2nd singular value distributions are relative close each other for antenna config. 2. This is mainly because the X-pol antenna setup reduces spatial correlation between two antenna ports, thus it is more appropriate for spatial multiplexing.
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(a) UMa                                    (b) UMi 
Figure 2. 1st and 2nd singular value distribution for UMa and UMi  
The figure 3 shows the CDF of the ratio between the 1st singular value and the 2nd singular value for both antenna configurations. This ratio is also known as the condition number of the spatial channel, which measures small scale channel condition . The channel matrix is said to be well-conditioned if the condition number is small. It can be seen that in general Config.1 has a better channel condition than Config. 2.  
[image: image5.emf]0 10 20 30 40 50 60 70

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Ratio between 1st SV and 2nd SV (dB)

CDF

UMa: CDF of the ratio between 1st SV and 2nd SV

 

 

Config. 1

Config. 2

[image: image6.emf]0 5 10 15 20 25 30 35 40 45 50

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Ratio between 1st SV and 2nd SV (dB)

CDF

UMi: CDF of the ratio between 1st SV and 2nd SV

 

 

Config. 1

Config. 2


(a) UMa                                    (b) UMi  
Figure 3. CDF of the ratio between 1st and 2nd singular value    

The figure 4 shows CDF of ZSD and ZSA according to the antenna configuration in 3D-UMa and 3D-UMi environments. It is observed that elevation arrival angular spread (ZSA) is wider than the elevation departure angular spread (ZSD) for both UMa and UMi.    
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Figure 4. CDF of ZSD and ZSA for UMa and UMi according to the antenna configuration
3
Baseline Results
The SU-MIMO performances are evaluated in 3D UMa and 3D UMi scenarios as for the baseline performance based on the agreed simulation assumptions listed in the table 2 in the Annex.

The following table 3 shows baseline performance for 3D UMa and 3D UMi in terms of cell average spectral efficiency and 5% cell edge spectral efficiency.   

Table 3. Baseline performance for 3D UMa and UMi.

	
	3D UMa
	3D UMi

	Cell average SE (bits/Hz/s)
	1.87
	1.92

	5% cell edge SE (bits/Hz/s)
	0.053
	0.052


3
Summary
In this contribution, we provided phase 2 and baseline calibration results for both 3D UMa and 3D UMi based on the agreed antenna configurations. 
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Appendix 
Table 1: Phase-2 Calibration Simulation assumptions  
	Parameter
	Values

	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

	BS port mapping
	Config 1: the 4 antenna ports are mapped such that [0, 2; 1, 3]

Config 2: the 4 antenna ports are mapped such that [0, 2, 1, 3] where 0/1 are -45 degree

	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 
	According to Table 6-1 [2]

	Polarized antenna modelling
	Model-1

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 90 degree, ΩUT, = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern 
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	Wrapping method
	1) Geographical distance based (mandatory)

2) Radio distance based (optional)

	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 from the serving cell (according to circular angle spread definition of TR 25.996– Annex A and assuming an omni antenna pattern for
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	CDF of ZSA from the serving cell (according to circular angle spread definition of TR 25.996– Annex A and assuming an omni antenna pattern for
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	CDF of largest (1st) singular value (serving cell) in PRBs at t=0 plotted in 10*log10 scale

	
	CDF of smallest (2nd) singular value (serving cell) in PRBs at t=0 plotted in 10*log10 scale

	
	CDF of the ratio between the largest singular value and the smallest singular value (serving cell) in PRBs at t=0 plotted in 10*log10 scale

	
	CDF of coupling loss (serving cell)


Table 2: Baseline Simulation assumptions

	Parameter
	Values

	Scenarios
	3D-UMa, 3D-UMi

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

	BS port mapping
	The 4 antenna ports are mapped such that [0, 2, 1, 3] where 0/1 are -45 degree

	MS antenna configurations
	2Rx X-pol (0/+90)

	System bandwidth
	10MHz (50RBs) 

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

	Carrier Frequency 
	2GHz 

	Duplex
	FDD

	Network sync
	Synchronized

	Number of UEs per cell
	10

	UE distribution 
	According to Table 6-1 [2]

	UE speed
	3km/h

	Polarized antenna modelling
	1) Model-1

2) Model-2

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 90 degree, ΩUT, = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern 
[image: image12.wmf])

,

(

f

q

¢

¢

¢

¢

¢

¢

A

=1

	Wrapping method
	1) Geographical distance based (mandatory) 

	Cluster elimination step 6
	scaling factor not changed after cluster elimination

	Handover margin (for calibration)
	0 dB

	Traffic model
	Full-buffer

	Scheduler
	PF, 1 UE per TTI allocation

	Receiver
	Ideal channel estimation 

	
	Ideal interference modelling 

	
	MMSE-IRC receiver 

	Interference model
	Ideal interference from PDSCH which can be measured from IMR

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback
	PUSCH 3-1 

	
	CQI and PMI reporting triggered per 5ms 

	
	Feedback delay is 5 ms 

	
	Rel-8 4Tx codebook 

	Overhead
	3 symbols for DL CCHs, 4 CRS ports and DM-RS with 12 REs per PRB

	Transmission scheme
	TM10, single CSI process, SU-MIMO with rank adaptation

	Interference model
	Ideal interference from PDSCH, can be measured from IMR

	Metrics
	Cell average SE

	
	5% cell-edge SE
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