3GPP TSG-RAN WG1 #74Bis                                                         R1-134222
Guangzhou, China, 7th – 11th October 2013
Source: 
Alcatel-Lucent Shanghai Bell, Alcatel-Lucent, China Unicom
Title: 
Proposals for Fast Fading Channel Modelling for 3D UMi
Agenda item:
7.2.7.1
Document for:
Discussion and Decision
1. Introduction
It was agreed in previous RAN1 meetings to consider 3D MIMO channel model based on current ITU channel models [1, 2] as a working assumption, and the channel modelling proposed in WINNER + [1] and WINNER II [3] can be utilized as a reference [2]. The 3D channel modelling method has been discussed in [4] [5]. Two elevation parameters, the zenith angle of departure (ZoD) and the zenith angle of arrival (ZoA), are added into the 3D channel model. Cross-correlation parameters between the two parameters and the other five large scale parameters (delay, azimuth angular spread of departure, azimuth angular spread of arrival, Shadow Fading standard deviation, Ricean K-factor[2] [3])  are also added into the model. 
In [6], we reported our measurement results for the new elevation parameters for the UMa scenario. This contribution reports the results for the elevation parameters of the UMi scenario.
2. Measurement system
PropSound CS developed by Elektrobit of Finland was used for this measurement. It was also widely used in well-known projects such as WINNER [4]. The channel sounder equipment PropSound is a Direct-Sequence Spread Spectrum (DSSS) system [6]. BPSK modulated Pseudo-Noise (PN) codes are transmitted over the air, and receiver stores the received and demodulated bits on the hard disk as raw I/Q data. To resolve the radio channel spatial parameters, PropSound uses antenna arrays and Time Domain Multiplexing (TDM) with high speed electrical switching. Transceivers are switched one by one at both ends and the switching cycle is kept smaller enough to satisfy the condition of the radio channel coherence time.

For this measurement, the system parameter is configured as follows:

Table 1. Basic configuration for 3D MIMO channel measurement 

	Parameter
	Value

	Center frequency(GHz) 
	3.5 

	Bandwidth(MHz) 
	100 

	Code lengths 
	63 

	Transmitter antenna type 
	Uniformed panel array UPA（32 Elements）

	Receivers antenna type 
	Cylinder Omni-directional array（56 Elements） 

	Power 
	2W 

	Transmitter antenna Angle range
	Azimuth
	-180°~ 180° 

	
	Elevation
	-55° ~ 90° 

	Receiver antenna Angle range
	Azimuth
	-70°~ 70°

	
	Elevation
	-70°~ 70°


In order to collect raw data with the 3D spatial signatures, a three dimension omni-directional array (ODA) with 56 antenna elements was installed at the mobile terminal, while a uniform planner array (UPA) with 32 elements was used at the base station, as shown in Figure . The mobile terminal was placed on a trolley which was moved with pedestrian speed.
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Figure  1. Transmitter antenna (left) and receiver antenna (right)    
3. Measurement scenarios

The measurement campaign was carried out in Beijing city center. As shown in figure 2, the measurement scenario is located at a typical urban micro scenario in a university campus. Surrounding buildings are high-rise buildings with heights as shown in the photos below. The transmitters are installed on the top of a 4-floor building. The height of the transmit antennas is 10 meters, lower than some of the surrounding buildings in the measurement area. 
Two measurement sectors A and B (as shown in the map as TX1 and TX2) are planned. In sector A, measurement routes 6# 7# are LOS, and others are NLoS. In sector B, measurement routes 13# 15# 17# 20# 21# are LOS, and others are NLoS. The trolley moves at the speed of about 3km/h. This measurement scenario can be classified as a typical Urban Micro (UMi) scenario according to the similar propagation characteristics.
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Figure  2. Measurement scenarios and routes
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Figure  3. View of route 7 from the receiver (red lines indicate the propagation path)
[image: image5.jpg]



Figure  4. View of route 9 from the receiver (red lines indicate the propagation path)
4. Measurement results

After the acquisition of the raw data, the 3D propagation channel parameters are obtained from the field channel impulse response (CIR) using the Spatial-Alternating Generalized Expectation-maximization (SAGE) algorithm [7]. Due to the advantages of higher accuracy, availability for the estimation of parameters and applicability for almost every type of antenna array, the SAGE algorithm has become one of the most widely-used channel estimation algorithms. The parameters include the azimuth angle of departure (AoD), azimuth angle of arrival (AoA), zenith angle of departure (ZoD), zenith angle of arrival (ZoA), propagation delay, Doppler shift, and polarization matrix. Measured 3D channel parameters from our MIMO measurement campaign are independent of the actual transmitter array and can represent generic propagation channel conditions from the measurement sites which are further classified with a set of propagation channel parameters per path, e.g. AoA, AoD, power, delay, etc.  

· Power Angular Spectrum of ZoA and ZoD
Figure 5 and Figure 6 shows the ZoD and ZoA power angular spectrum (PAS equals to the probability angular spectrum if using normalized power as probability) in UMi LOS and NLOS conditions for some selected field channel measurement snapshots.  In the figures, a truncated Laplacian distribution 
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is used to fit for the elevation angle distributions. 
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Figure  5. The ZoD and ZoA PAS in UMi LOS 

[image: image9.emf]-80 -60 -40 -20 0 20 40 60 80

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

Elevation angle (degree)

Probability

 

 

Laplace fit

EoD data

[image: image10.emf]-80 -60 -40 -20 0 20 40 60 80

0

0.1

0.2

0.3

0.4

0.5

0.6

Elevation angle (degree)

Probability

 

 

Laplace fit

EoA data


Figure  6. The ZoD and ZoA PAS distribution in UMi NLOS

It can be observed in Figure 6 that the power angular spectrum of ZoD and ZoA are well fitted by the Laplacian distribution. Truncated Gaussian distribution (
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) is recommended in [8] for fitting PAS in UMi scenario. For comparing the goodness-of-fit of two distribution candidates, we compare the root mean square fitting errors of both Gaussian and Laplacian distributions for all snapshots with either LOS or NLOS propagation.  Such distribution fitting errors are summarized in Table 2.
Table 2.  Fitting Error versus Distributions
	Fitting Function
	Elevation Angle
	Root Mean Square Fitting Errors

	
	
	LOS
	NLOS

	Laplace
	ZoD
	0.50
	0.47 

	
	ZoA
	0.57
	0.47

	Gaussian
	ZoD
	0.54
	0.50 

	
	ZoA
	0.60
	0.50


It can be observed that Laplace provides better fitting than Gaussian for all cases. 
In [1][4] and [8], both the mean of azimuth angles are assumed to be zero. This is reasonable for the azimuth angles because the reflection and diffraction experienced by the azimuth rays from both sides of the LOS direction are generally symmetrical. However, due to the single-side reflection and diffraction from the earth ground or from rooftop, the mean angle of the elevation rays may shift away from zero or LoS direction.  The first-order moment mean value of ZoD and ZoA can be defined by:
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where n is the path index and 
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 is the path power. 
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 is also called power-weighted mean value of 
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. In Figures 11, the dependence between the horizontal distance and 
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 has been investigated. It is also shown that 
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 is normally non-zero and shifted from LoS. The mean of 
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of all snapshots in either LOS or NLOS from our measurement are reported in the following table.

Table 3 Power weighted mean of elevation angles
	Elevation Angle
	Power Weighted Mean (o)

	
	LOS
	NLOS

	ZoD
	0.56
	1.05

	ZoA
	1.87
	0.25


· Distribution of ZSA and ZSD
The distributions of ZSA and ZSD in UMi LOS are shown in Figure 7. The distributions of ZSA and ZSD of NLOS are shown in Figure 8. The raw data are fitted by a lognormal function,
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It can be observed that the distribution of ZSD and ZSA can be well fitted with the lognormal distribution. 
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Figure  7. ZSA and ZSD distribution in UMi LOS 
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Figure  8. ZSA and ZSD distribution in UMi NLOS 
In order to compare the goodness-of-fit of two distribution candidates, root mean square fitting errors of both Lognormal and Normal distribution (
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) for all snapshot with either LOS or NLOS propagation are summarized in the following table. 
Table 4 Root mean square errors of different fitting methods
	Fitting Function
	Elevation Spread
	Root Mean Square Fitting Errors

	
	
	LOS
	NLOS

	Normal
	ZSD
	1.86
	2.71

	
	ZSA
	2.02
	1.81

	Lognormal
	ZSD
	1.29
	1.25

	
	ZSA
	1.31
	1.29


It can be observed that lognormal distribution generally can provide a better fitting than normal distribution.
The mean value μ and standard deviation σ of ZSD and ZSA assuming lognormal distribution are listed in Table 5. 
Table 5.  Measurement results of ZSA and ZSD
	scenarios
parameters
	Normal Distribution

	
	LOS 
	NLOS 

	 Elevation AoD spread (ZSD)  log10([o])
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	1.11
	1.16
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	0.37
	0.54

	Elevation AoA spread (ZSA) log10([o])
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	1.03
	1.03
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	0.60
	0.60


· Cross-correlation between elevation parameters and other large scale parameters
Cross-correlation parameters between the two large scale parameters (ZSA and ZSD) and the other five large scale parameters (delay, ASA, ASD, Shadow Fading standard deviation, Ricean K-factor[1] [2])  are also added into the 3D channel model. Table 3 gives the measurement results of these cross-correlations. We also compare our measurement results with WINN+ B1 (urban macro-cell) scenario in the table.
Table 6. Cross-correlations of Elevation Parameters
	  scenarios
parameters
	Measurement results
	WINN+ B1
(urban micro-cell)

	
	LOS
	NLOS
	LOS
	NLOS

	ZSD vs. SF
	0.30
	0.30
	0
	0

	ZSA vs. SF
	0.02
	0.17
	0
	0

	ZSD vs. K
	-0.20
	N.A.
	0
	N.A

	ZSA vs. K
	0.29
	N.A.
	0
	N.A

	ZSD vs. DS
	0.14
	-0.33
	-0.5
	-0.5

	ZSA vs. DS
	-0.31
	-0.13
	0
	0

	ZSD vs. ASD
	0.37
	0.55
	0.5
	0.5

	ZSA vs. ASD
	0.07
	-0.33
	0.5
	0.5

	ZSD vs. ASA
	-0.01
	-0.40
	0
	0

	ZSA vs. ASA
	-0.02
	0.33
	0
	0

	ZSD vs. ZSA
	-0.11
	-0.06
	0
	0


· Number of Clusters and Cluster-wise ZSD and ZSA 
The number of clusters, azimuth and elevation spread of arrival and departure spread in a cluster are given in the following table.

Table 7.  The cluster parameters

	
	
	Cluster Num
	CZSA[o]
	CZSD[o]

	UMi
	LOS
	16 
	8
	9

	
	NLOS
	17 
	9
	7


5. Procedure for generating the elevation departure and arrival angles 
The generating procedure of UMi is the same with that of UMa scenario [6].

6. Study of Distance Dependency of Elevation Parameters
In reality, the wireless signals propagated from the transmitter to the receiver may be blocked or reflected by surrounding objects. The objects include buildings, trees, hills, etc., with random sizes and locations. The large scale impact of these objects is modeled as shadowing effect in conventional 2D channel model. For a 3D channel model, in addition to these objects, the ground will continuously exist along the propagation path of the wireless signal and consistently reflect the elevation rays. It is necessary to evaluate its impact and properly model it. 

Figure 9 illustrates the ground reflections of the elevation rays in LOS case. It can be observed that on one hand, the ground impact exists only on one side of the LOS direction of the elevation rays. On the other hand, as the UE moves away from the eNB, the angle (α) between the LOS and the reflection direction becomes smaller. Based on this analysis, we expected that the following elevation parameters may be correlated with the distance between the eNB and the UE:

· Elevation angle distribution;

· Power weighted mean elevation angles;

· Elevation angular spread (ZSA and ZSD) distribution;

· Elevation angular spread (ZSA and ZSD) mean and standard deviation
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Figure 9. Ground reflection of elevation rays under 3D channel model
Figure 10 shows fitting errors with proposed Laplacian distribution versus distance in the LOS and NLOS cases for elevation angles. It can be observed that fitting errors change slightly along distance and the trend of changing is also unclear. Therefore we propose that the elevation PAS model is distance-independent.
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Figure 10. Relation between Laplacian fitting errors of elevation angles and distance in UMi scenarios
Figure 11 shows the power weighted mean versus distance in the LOS and NLOS cases. The observation is that the value of  
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 change slightly with distance in all cases and the trend of changing is unclear. Therefore we propose that the elevation power-weighted mean 
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is distance-independent. Instead, a fixed value of 
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 in Table 3 should be considered.  
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Figure 11. Relation between power-weighted mean elevation angles (in degree) and distance in UMi scenarios
Figure 12 shows fitting errors with lognormal distribution versus distance in the LOS and NLOS cases for elevation AS. The observation is that fitting errors change very slightly with distance in all cases. Therefore we propose that the distribution of elevation AS is distance-independent, e.g. with lognormal distribution for all distance ranges.
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Figure 12. Relation between lognormal fitting errors of elevation angular spreads and distance in UMi scenarios
Figure 13 shows the ZSD and ZSA v.s distance in the LOS and NLOS cases. The observation is that both ZSD and ZSA decreases with the increase of distance in all cases. Therefore we propose that the mean value (in linear scale) of the elevation spread distribution is distance-dependent with the following model,
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where 
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 is determined from the ZSA or ZSD mean values given in Table 5 (with scale change),  
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 is the distance in meter between the user terminal and the basestation, ISD is the scenario parameter of distance between adjacent base stations, and 
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 is a constant given in Table 8.  
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Figure 13. Relation between angular spreads (in degree) and distance in UMi scenarios
Table 8.  The cluster parameters
	Elevation Angle
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 (o)

	
	LOS
	NLOS

	ZSD
	0.017
	-0.037

	ZSA
	-0.038
	-0.038


7. Conclusions
In this contribution, we present the field measurement methodology and report the results for the elevation parameters of the 3D MIMO channel under UMi scenario. Based on the results, we propose: 
Proposal 1: Use Laplace distribution to model the ZoD and the ZoA in UMi. Use lognormal distribution to model ZSD and ZSA under UMi scenario.
Proposal 2: Consider parameters summarised in the following table to update the 3D MIMO elevation channel parameters in UMa,. and follow the procedure in Section 5 to generate the elevation angles.

	Scenarios
	UMa

	
	LOS
	NLOS

	ZoD Spread (EAS) log10(o)
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	1.11
	1.16
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	0.37
	0.54

	ZoA Spread (EAS) log10(o)
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	1.03
	1.03
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	0.60
	0.60

	Cross-correlations
	ZSD vs. SF
	0.30
	0.30

	
	ZSA vs. SF
	0.02
	0.17

	
	ZSD vs. K
	-0.20
	N.A.

	
	ZSA vs. K
	0.29
	N.A.

	
	ZSD vs. DS
	0.14
	-0.33

	
	ZSA vs. DS
	-0.31
	-0.13

	
	ZSD vs. ASD
	0.37
	0.55

	
	ZSA vs. ASD
	0.07
	-0.33

	
	ZSD vs. ASA
	-0.01
	-0.40

	
	ZSA vs. ASA
	-0.02
	0.33

	
	ZSD vs. ZSA
	-0.11
	-0.06

	ZoD and ZoA Distribution
	Laplace

	ZSA and ZSD Distribution
	LogNormal

	Cluster ZSD
	9
	7

	Cluster ZSA
	8
	9

	Cluster Number
	16
	17

	Rays per Cluster
	20
	20


Proposal 3: Consider the following distance dependent elevation parameter modelling:

· Elevation angle distribution: distance-independent.

· Power weighted mean elevation angles: distance-independent,

· Elevation angular spread (ZSA and ZSD) distribution: distance-independent.

· Elevation angular spread (ZSA and ZSD) mean and standard deviation: distance dependent with Equation 5,
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