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1. Introduction
At the RAN1 #74bis meeting and in the subsequent email discussion, there were intensive discussions on 3D-channel modeling and several agreements were reached with respect to fast fading and assumptions for phase 2 calibration [1, 2]. Regarding the fast fading model, equations to generate ZoD and ZoA were agreed upon in which a Laplacian distribution is applied to model the power angular spectrum (PAS). Furthermore, details for large scale parameters such as cross-correlations and standard deviation of shadow fading were determined based on the current ITU model, WINNER+ model, and field measurements [1]. On the other hand, for the assumptions on phase 2 calibration, details were agreed upon including antenna configurations, UE attachment and performance metrics. The agreement is summarized as follows.
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In this contribution, we present phase 2 calibration results on fast fading characteristics for BS antenna configuration 1 using the agreed common assumptions with some original values for the missing parameters. The results given in this contribution are summarized in Table I. We also show the results of phase 1 calibration in a companion paper [3].
Table I – List of Calibration Results
	
	DS
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	ZSD
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2. Calibration Assumptions
We present phase 2 calibration results on fast fading characteristics for BS antenna configuration 1, i.e., K = 1, M = 2, N = 2, ULA, 0.5λ H/V spacing. In addition to the agreed channel model and common assumptions [2, 4], we utilize some original parameters, which are determined for the sake of simplicity, to compensate for FFS items. Regarding the ZSD/ZSA characteristics, we apply the parameters shown in Table II, which are derived based on the WINNER+ model [5]. Furthermore, the mean ZoD angle is assumed as a LOS ZoD angle. More specifically, ZoD is given as 
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, leaving TBD and W FFS. Furthermore, the missing elements for the scaling factors of the Laplacian PAS are compensated by reusing the scaling factors for Gaussian PAS as in Table 7.3-4 in [2]. UE attachment is based on the LOS angle, which is identical to the assumption for phase 1 calibration.
Table II – Assumptions for ZSD/ZSA
	Scenarios
	3D-UMi
	3D-UMa

	
	LOS
	NLOS
	O-to-I
	LOS
	NLOS
	O-to-I

	ZoD spread (σZSD)
log10([(])
	ZSD
	0.40
	0.60
	0.88
	0.70
	0.90
	0.88

	
	(ZSD
	0.2
	0.2
	0.34
	0.2
	0.2
	0.34

	ZoA spread (σZSA)
log10([(])
	ZSA
	0.60
	0.88
	1.01
	0.95
	1.26
	1.01

	
	(ZSA
	0.16
	0.16
	0.43
	0.16
	0.16
	0.43

	Cluster ZSD
	3
	3
	3
	3
	3
	3

	Cluster ZSA
	7
	7
	3
	7
	7
	3


3. Initial Calibration Results
The delay spread (DS) and various angular spreads (ASs) at the BS and MS, denoted as ASD and ASA in azimuth and ZSD and ZSA in elevation are given for calibration. We also show the individual curves for LoS, NLoS, and O-to-I environments, by collecting the results for individual types of MSs among all MSs. We follow the r.m.s. DS calculation and the circular AS calculation as given in [6]. We also plot the CDFs of the squared largest singular value (λ1) and the squared smallest singular value (λ2), as well as the CDF of the ratio between λ1 and λ2 for 2-by-4 MIMO channel matrix.
3.1 Calibration Results of 3D-UMi Channel Model
The CDFs of DS, ASs and the singular value performance are shown in Figs. 2, 3 and 4, respectively.
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Figure 2 – Delay spread (3D-UMi)
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  Figure 3 – Angular spread (3D-UMi)
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Figure 4 – Singular value (3D-UMi)
Observations:
· Curves for the delay spread, ASA, ASD, ZSA, ZSD for LOS is smaller than that for NLOS.
· Angular spreads at MS side are larger than those at BS side, since multiple reflection paths usually exist around MSs.
· Angular spreads of ZoA and ZoD are narrower compared to those of AoA and AoD under the current assumptions.
· The ratio between the squared largest singular value (λ1) and the squared smallest singular value (λ2) is mainly in the range of 0 dB to 30 dB.
3.2 Calibration Results of 3D-UMa Channel Model
The CDFs of the DS, AS and singular value performance for the 3D-UMa channel model are shown in Fig. 5, 6 and 7, respectively.
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Figure 5 – Delay spread (3D-UMa)
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Figure 6 – Angular spread (3D-UMa)
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Figure 7 – Singular value (3D-UMa)
Observations:
· We observe similar trends as in the 3D-UMi model.
· Delay spread and angular spreads of O-to-I for 3D-UMa is same to those of O-to-I for 3D-UMi because they share the same set of models and parameters.
4. Summary
In this contribution, we presented phase 2 calibration results on the fast fading characteristics of the 3D channel model for BS antenna configuration 1 using the agreed common assumptions with some original values for those FFS elevation parameters. We observed the following.
Observations:
· Curves for the delay spread, ASA, ASD, ZSA, ZSD for LOS is smaller than that for NLOS.
· Angular spreads at MS side are larger than those at BS side, since multiple reflection paths usually exist around MSs.
· Angular spreads of ZoA and ZoD are narrower compared to those of AoA and AoD under the current assumptions.
· The ratio between the squared largest singular value (λ1) and the squared smallest singular value (λ2) is mainly in the range of 0 dB to 30 dB.
· Delay spread and angular spreads of O-to-I for 3D-UMa is same to those of O-to-I for 3D-UMi because they share the same set of models and parameters.
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Agreement:


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





For RSRP calculations needed for UE attachment (including coupling loss calculations), all rays of all clusters shall be used for a given link between a UE and a transmission point
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