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1. Introduction
In RAN1#73 meeting, evaluation cases for 3D channel modeling calibration are discussed, and the three evaluation cases were made. For the case 1, UE attachment is determined to be modeled considering antenna gain of only LOS path. However, for cases 2 and 3, UE attachment is FFS. After email discussion [74-09] on the issue, an agreement is given as follows:
Companies are encouraged to bring comparison results among different methods on UE attachment modeling, e.g.,

•       Based on LOS direction only

•       Based on mean angles

•       Based on angle of all clusters

•       Based on angle of all rays of all clusters (R1-133967)

•       Based on channel realizations H

with the goal of agreeing on a single described way in TR of performing UE attachment modelling that also makes it clear how to handle antenna virtualization of CRS. Note the CRS virtualization is already clear for Case 2 with 1-1 port-to-element mapping, and is desired to be clarified for Case 3. Note that CRS virtualization may be described by the use of complex weights.
In this contribution, we provide the RSRP derivation to be used in SLS simulation. Also, throughput results based on various UE attachment methods are compared and discussed. In Annex A, evaluation assumptions that we applied are given.
2. RSRP derivation
In this section, we give the derivation of RSRP to be used in SLS simulation. It would be proved that RSRP can be expressed as antenna gains of all rays of all clusters. For the derivation, we denote pathloss, shadow fading, BS subpath antenna gain and UE subpath antenna gain as PL, SF, GTX(.) and GRX(.), respectively. Then, the channel between BS and UE is written as 
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In the equation (1), 
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. Denoting the transmitting signal as 
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Since RSRP is the averaged receiving power, it can be written as
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By using the characteristic of uncorrelation between the transmitting signal and channel, it follows
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Assuming 
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is long enough, the terms with 
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From the equation (3), the antenna gain for calculating RSRP can be formulated as
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Based on the above derivation, we propose that per-path antenna gain shall be taken into account for calculating the RSRP in the SLS simulation.

Proposal 1: Per-path antenna gain in (4) shall be taken into account for calculating the RSRP in the SLS simulation.
3. SLS results based on various UE attachment
In this section, we show 5% UE and average UE throughput results to compare different UE attachment models. In the simulation, we used 10 antenna elements with 0.5 lambda spacing and 102 degree for the etilt value. Tables 1, 2, 3 and 4 depict 3D UMa, 2D UMa, 3D UMi and 2D UMi scenarios, respectively.
It can be observed in tables 1 and 3 that there are big differences in the results of 5% UE throughput, while there are relatively smaller differences among UE attachment models in the results of average UE throughput. In 5% UE throughput, performance results based on the LOS path and MED path are less than those based on all clusters or all rays of all clusters. In addition, there are some difference gaps between results based on all rays of all clusters and results based on all clusters in 5% UE throughput of the UMi case. Based on the observation and the derivation of section 2, it would be desirable to use all rays of all clusters for UE attachment. If we use just a simple model for selecting serving cell in SLS simulations, there may be a problem with the analysis due to inaccurate results.
Also, it can be seen in tables 2 and 4 that the performance gap between UE attachment models has a similar tendency for 2D-channel model as 3D-channel model.
Observation 1: In the results of 5% UE throughput, results based on LOS path and MED path get the worse performance than those based on all clusters or all rays of all clusters. In addition, there are some difference gaps between results based on all rays of all clusters and results based on all clusters in 5% UE throughput of the 3D UMi case.
Table 1: 5% and average UE throughput in UMa case for 3D-channel model
	
	5% UE Throughput (bps/Hz)
	Average UE Throughput (bps/Hz)

	LOS path 
	0.0020 (8.7%)
	0.1779 (104.8%)

	MED path
	0.0087 (37.8%)
	0.1733 (102.1%)

	Cluster paths
	0.0238 (103.5%)
	0.1700 (100.1%)

	All paths
	0.0230 (100%)
	0.1698 (100%)


Table 2: 5% and average UE throughput in UMa case for 2D-channel model

	
	5% UE Throughput (bps/Hz)
	Average UE Throughput (bps/Hz)

	LOS path
	0.0203 (77.5%)
	0.1715 (101.2%)

	All paths
	0.0262 (100%)
	0.1695 (100%)


Table 3: 5% and average UE throughput in UMi case for 3D-channel model

	
	5% UE Throughput (bps/Hz)
	Average UE Throughput (bps/Hz)

	LOS path
	0.0005 (2.4%)
	0.1770 (104.4%)

	MED path
	0.0004 (1.9%)
	0.1760 (103.8%)

	Cluster paths
	0.0178 (84.4%)
	0.1705 (100.6%)

	All paths
	0.0211 (100%)
	0.1695 (100%)


Table 4: 5% and average UE throughput in UMi case for 2D-channel model
	
	5% UE Throughput (bps/Hz)
	50% UE Throughput (bps/Hz)

	LOS path
	0.0134 (65.4%)
	0.1730 (100.9%)

	All paths
	0.0205 (100%)
	0.1714 (100%)


4. Conclusion
In this contribution, we derived the RSRP equation to show that all rays of all clusters are used for UE attachment, and evaluated various UE attachment models. The following observation and proposal were given based on the discussion and simulation results:
Proposal 1: Per-path antenna gain in (4) shall be taken into account for calculating the RSRP in the SLS simulation.
Observation 1: In the results of 5% UE throughput, results based on LOS path and MED path get the worse performance than those based on all clusters or all rays of all clusters. In addition, there are some difference gaps between results based on all rays of all clusters and results based on all clusters in 5% UE throughput of the 3D UMi case.
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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 [1]) 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. 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[2] and WINNER+[1]
	ITU UMa[2] and WINNER+[1]

	LOS probability
	
	ITU UMi model[2]
	UMa model in [3]

	Pathloss model
	LOS
	ITU UMi model[2]
	WA in RAN1#74

	
	NLOS
	Linear model with 
alpha = 0.3
	Linear model with 
alpha = 0.6

	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








PAGE  
1

_1441714506.unknown

_1441715712.unknown

_1441715855.unknown

_1441715870.unknown

_1441715889.unknown

_1441715729.unknown

_1441714618.unknown

_1441714863.unknown

_1441715393.unknown

_1441714599.unknown

_1441713110.unknown

_1441713664.unknown

_1429730233.unknown

_1441651135.unknown

_1441713085.unknown

_1441651129.unknown

_1429730232.unknown

