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1. Introduction
In RAN1#73 meeting, evaluation cases for 3D channel modeling calibration are discussed, and the following working assumption was made:

· Three evaluation cases for 3D channel modeling calibration
· First phase: 
 (Case 1): Geometry and coupling loss, elevation related parameters (without modelling of fast fading)
· K = 1, M
· Second phase: 
· (Case 2): Baseline performance with K = 1
· Transmission scheme, total number of antenna ports and elements FFS
· 1-1 mapping from antenna elements to antenna ports 
· Full buffer and 10 users 
· Note: Does not have any impact on choice of traffic model, number of UEs, and antenna configuration for later performance assessments
· (Case 3): Baseline performance with K = M
· Transmission scheme, total number of antenna ports and elements FFS
· M vertical antenna elements are mapped per antenna port
· Full buffer and 10 users 
· Note: Does not have any impact on choice of traffic model, number of UEs, antenna configuration for later performance assessments
· For cases 1&3, companies are encouraged to provide reference results using corresponding 2D channel model

· For Case 1, UE attachment is modeled considering LOS angles only
· When K = M, for both UMa and UMi,  example electrical downtilt values are qetilt = 96, 99, 102 (in degree).

· For Cases 2 and 3, UE attachment modeling is FFS
· Whether to use LOS angles only, or to take into account ESD and median EoD as well, for RSRP modeling.
· Note: 
· multiple downtilt value is needed in the first phase (case 1) for evaluation and investigation, and the group may converge on a single donwtilt value per calibration  scenario (e.g., 3D UMi, 3D UMa, antenna spacing, etc) in the second phase  (cases 2&3).
In this contribution, initial results for the case 1 of the first phase are presented, and the open issues in evaluation assumptions for cases 2 and 3 of the second phase are discussed. Also, for the second phase, throughput results of 2D- and 3D-channel models are compared. In Annex A, evaluation assumptions that we applied are given.

2. Initial results of the first phase for calibration
In this section, we show initial evaluation results of case 1 for calibration. However, some models of case 1 are not determined yet in RAN1 meeting, which are height dependent LOS probability model, environment height for UMa LOS pathloss, and height gain term for NLOS pathloss. Comparison and discussion among these models and related parameters are presented in our companion contribution [1]. For the simulation of this section, ITU model in LOS probability, 1m as environment height, and linear model with 0.6 alpha for height gain were chosen.
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Figure 1.  Coupling loss and geometry results in Urban Macro channel
UMa case is shown in Figure 1, and UMi result is presented in Figure 2, where each figure shows results of coupling loss and geometry. We use antenna models with M=1 and M=10 agreed in RAN1#72bis, and etilt values of 96, 99, 102 degree are used for M=10 antenna model. Antenna model in TR36.814 [2] is also plotted in each figure for comparison. Regarding the geometry results in UMa scenario, the curve with M=1 shows similar performance compared to the curve with M=10 and 96 degree, whereas TR36.814 model shows a slightly lowered performance in high SNR range. The tendency in UMi results is also shown to be similar, but the results seem more diverse than those of the UMa case.
In terms of etilt value, 102 degree case has the best geometry in both simulations, thus it may be desirable to use 102 degree for etilt in the second phase calibration. However, further calibration results should be compared among companies, and the etilt value can be determined after all remaining parameters are decided. 
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Figure 2.  Coupling loss and geometry results in Urban Micro channel
3. Discussion on undefined assumptions of the second phase calibration
Cases 2 and 3 were defined in working assumption RAN1#73 meeting for the second phase of calibration, and there are still several undecided assumptions including UE attachment, CRS port mapping, and transmission scheme. Those issues are discussed in this section.
A common UE attachment method should be aligned among companies for calibration. There is a simple method using only antenna gain of LOS path when the serving cell selection is determined based on RSRP.
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where GTX(.) is the BS antenna gain, and GRX(.) is the UE antenna gain.
Actually, the channel between BS and UE consists of hundreds of subpath, but the equation (1) represents only LOS path. In addition, if considering a non-zero MED in 3D-channel model, the LOS path is not likely to be sufficient to represent the whole paths. Therefore, we suggest taking per-path antenna gain into account for calculating the RSRP as follows:
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where Pn,m is m-th subpath power of n-th path.

Proposal 1: Per-path antenna gain shall be taken into account for calculating the RSRP in the second phase calibration.

Regarding CRS port mapping, it is required to be determined for calibration how to define RS port-to-element mapping. In case 2, the definition of CRS port is apparent since K=1 was agreed. However, CRS port mapping in case 3 is unclear in that the number of vertical antennas, antenna element spacing in port, and port beam direction are FFS. If companies freely use any CRS port for their evaluations, it would be difficult comparing companies’ further evaluation results, since the cell coverage is different depending on the CRS port-to-element mapping, and it will result in different serving-cell selection. 
Proposal 2: RAN1 should decide how to define CRS port-to-element mapping for the second phase of calibration.
For the transmission scheme, transmission mode 10 can be considered in the calibration. More specifically, TM10 with only 1 CSI process case may be desirable and sufficient, since multiple CSI processes are to support CoMP operations, but in this study item the 3D-channel evaluations combined with CoMP operations seem not necessary for calibration purpose.
Proposal 3: For the second phase calibration, TM10 with only 1 CSI process case can be considered.
4. Initial results for the second phase calibration
In this section, we show initial evaluation results for the second phase calibration. In the simulation, we used 10 antenna elements with 0.5 lambda spacing and 102 degree for the etilt value. Tables 1 and 2 depict UMa and UMi scenarios, respectively, where 2D channel model and 3D channel model are compared. The performance gaps between 2D-channel and 3D-channel cases are within 6% in both tables, which may be caused by considering elevation spread in 3D-channel model. However, it is necessary to evaluate the second phase results after the whole channel modeling containing elevation spread related parameters is decided in the 3D-channel model.
Table 1: 5%, 50%, 95% UE and average sector throughput in UMa case

	
	5% UE Throughput (bps/Hz)
	50% UE Throughput (bps/Hz)
	95% UE Throughput (bps/Hz)
	Average Sector Throughput (bps/Hz)

	2D-channel model
	0.0248
	0.1340
	0.4215
	1.6911

	3D-channel model
	0.0259 (4.43%)
	0.1358 (1.34%)
	0.4247 (0.76%)
	1.7393 (2.85%)


Table 2: 5%, 50%, 95% UE and average sector throughput in UMi case
	
	5% UE Throughput (bps/Hz)
	50% UE Throughput (bps/Hz)
	95% UE Throughput (bps/Hz)
	Average Sector Throughput (bps/Hz)

	2D-channel model
	0.0210
	0.1312
	0.4113
	1.6862

	3D-channel model
	0.0222 (5.71%)
	0.1390 (5.95%)
	0.4284 (4.16%)
	1.7750 (5.27%)


5. Conclusion
In this contribution, initial calibration results are presented, and remaining simulation assumptions are discussed. The following proposals were given based on the discussion and simulation results:
Proposal 1: Per-path antenna gain shall be taken into account for calculating the RSRP in the second phase calibration.

Proposal 2: RAN1 should decide how to define CRS port-to-element mapping for the second phase of calibration.
Proposal 3: For the second phase calibration, TM10 with only 1 CSI process case can be considered.
______________________________________________________________________
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Annex A: Simulation assumptions
For evaluation results, we used the elevation parameters in WINNER+ project (Table 4-3, 4-4, 4-5 in [3]) regarding vertical angle of spread which is assumed to be Laplacian distribution. The parameters related to azimuth angle spread, delay spread, and shadow fading in ITU channel model are reused. For the pathloss model, 1m environment height and linear height gain model with 0.6 alpha are adopted.  Detailed simulation assumptions are given in Table 3.

Table 3: Simulation assumptions
	
	
	Urban Micro cell 
with high UE density
	Urban Macro cell 
with high UE density

	Layout
	
	Hexagonal grid, 19 micro sites, 3 sectors per site
	Hexagonal grid, 19 macro sites, 3 sectors per site

	Channel model
	
	ITU UMi[4] and WINNER+[3]
	ITU UMa[4] and WINNER+[3]

	Antenna model
	Antenna element pattern (horizontal)
	Agreement in RAN1#72bis
	Agreement in RAN1#72bis

	
	Antenna element pattern (vertical)
	Agreement in RAN1#72bis
	Agreement in RAN1#72bis

	
	# of vertical antenna element
	10
	10

	
	Vertical antenna spacing
	0.5
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	0.5
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	Complex weight for vertical antenna element
	Agreement in RAN1#72bis with 
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	Agreement in RAN1#72bis with 
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	UE mobility

(movement

In horizontal plane)
	
	3kmph
	3kmph

	BS antenna height
	
	10m 
	25m 

	Min. UE-eNB 2D distance
	
	10m 
	35m

	UE height model
	general equation
	hUE=3(nfl – 1) + 1.5m
	hUE=3(nfl – 1) + 1.5m

	
	nfl for outdoor UEs
	1
	1

	
	nfl for indoor UEs
	WA in RAN1#72bis
	WA in RAN1#72bis 

	Indoor UE fraction
	
	80%
	80%

	UE distribution (in x-y plane)
	Outdoor UEs
	uniform in cell 
	uniform in cell 

	
	Indoor UEs
	uniform in cell
	uniform in cell 

	
	# of Users per sector
	10
	10

	ISD
	
	200m
	500m

	UE TX antenna ports
	
	2
	2

	UE RX antennas
	
	2
	2

	MIMO scheme
	
	SU-MIMO
	SU-MIMO

	Transmission mode
	
	TM 10
	TM 10
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