3GPP TSG RAN WG1 Meeting #72bis
R1-131247
Chicago, USA, April 15th – 19th 2013
Agenda item:     7.2.6.2
Source:         
Nokia Siemens Networks, Nokia
Title:
Detailed 3D Channel Model
Document for:

Discussion and Decision
1. Introduction
In [1] it was agreed to:
· Identify the typical usage scenarios of UE-specific elevation beamforming and FD- MIMO
· Identify modifications to the 3GPP evaluation methodology needed to support the proper modeling and performance evaluation for the scenarios identified being typical:

· Modeling a two dimensional array structure at the eNodeB including any modifications to the antenna patterns (taking relevant RAN4 work into account)

· 3-dimensional channel modeling including the multipath fading characteristics in both elevation and azimuth

· Identify the need for defining a new way of modeling the location of outdoor and indoor UEs within a sector in both the horizontal and vertical domains.  

· Identify the need for defining a new way of modeling the mobility of outdoor UEs in both the horizontal and vertical domains. 

· The study will consider as a starting point the ITU channel model as described by the combination of A2.1.6 and Annex B in 36.814 and determine the additions that are needed to properly model the elevation dimension of the channel to fit the elevation beamforming and FD-MIMO purposes. Work done outside 3GPP (WINNERII/WINNER+, channel modeling documentation available in public domain) can be used.

· Generate baseline simulation results (corresponding to a number of antenna ports and transmission scheme supported by  Rel-11) with the modified evaluation methodology  

In this contribution we propose the detailed changes to the ITU model of Annex B in [2] for 3D channel modeling.  The proposed changes are captured in [3] and have the following features:
1. Only minimal changes are made, just the defining of the elevation angle spread and the median elevation angle at the eNB and the UE.

2. The calculation of the elevation angles is the same as the azimuth angles making changes to channel generation code simple.

3. The elevation spread is distance-dependent thus properly modeling the drastically different elevation spreads between close-in UEs to out-of-cell UEs.

4. To better model mobility, the Doppler frequency of the UE incorporates the elevation angles.  The inclusion of an elevation direction of motion of the UE is FFS.
2. Lessons from Ray-Tracing
In [3] the results from a ray-tracing study done by the University of Bristol were used to characterize the elevation dimension of channels around Bristol and London, UK.  The results showed that there is strong distance dependence to the elevation spread especially for closer-in UEs (less than around 500 m).  For example the mean of the log of the elevation spread appears to fall off as roughly 1/distance as is seen in Figure 1.  For each city, both pico and macro deployments were considered. A dramatic change to the mean elevation spread is seen, for example going from a mean of 5 degrees close-in to the eNB in the macro case to around 0.3 degrees greater than 600 m from the eNB. In addition to the elevation spread, the variance of the log of the elevation spread is also distance-dependence and it was shown to increase linearly with distance (see Figure 2). (It should be noted that the variance of the (non-log) elevation spread decreases with distance). Finally the median elevation angle also shows a distance dependence as seen in Figure 3. 
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Figure 1. Mean of the log of the elevation spread as a function of distance for NLOS links with best fit quadratic to one over distance.
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Figure 2. Variance of log of the elevation spread as a function of distance for NLOS links.
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Figure 3. Median elevation angle from LOS ray for NLOS links. Note that negative means above the direct LOS ray and positive means below the direct LOS ray.
3. Proposed 3D Channel Model
It is proposed to use the 2D ITU channel model (Annex B of [2]) as a basis for the proposed 3D model. In this contribution we focus on 2 ITU environments - 1) Urban Micro (UMi) and 2) Urban Macro (UMa). Since the ray-tracing data is limited to Bristol and London these environments were mapped to their closest ITU environment to get elevation spread statistics for each environment. Given the dense urban nature of London we chose London macro ray-tracing data as being closest to UMa. For the UMi environment we chose to use a collection of all of the pico cell ray-tracing data from both cities.

We will now propose the minor modifications needed to the ITU model to accommodate distant-dependent elevation angle generation.  Recall that the ITU model is written with downlink in mind so angles of departure are the angles for the eNB and angles of arrival are the angles for the UE (obviously the channel model is still valid for the uplink by switching arrival angles and departure angles). First and foremost the equation (20) of [2] needs to be modified (plus similar modifications to the LOS equation (23) of [2]) as follows to include the elevation dimension:
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where u is the uth mobile receive antenna, s is the sth base transmit antenna, n is the cluster number, Pn is the power of cluster n, M is the number of rays per cluster (usually 20), Frx,u,v and Frx,u,H are the field antenna patterns for the uth mobile antenna in 3D for the vertical and horizontal (aka theta and phi) polarizations respectively, (n,m is the azimuth angle of arrival, (n,m is the elevation angle of arrival, ( is the cross polarization power ratio in a linear scale, 
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 are the phase values for all four polarization combinations, Ftx,s,v and Ftx,s,H are the field antenna patterns for the sth base antenna in 3D for the vertical and horizontal (aka theta and phi) polarizations respectively, (n,m is the azimuth angle of departure, (n,m is the elevation angle of departure, o is the wavelength, 
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 is a unit vector pointing in the direction of azimuth and elevation angles of arrival, 
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 is a vector of the positions of the uth mobile antenna, 
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 is a unit vector pointing in the direction of the azimuth and elevation angles of departure, 
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 is a vector of the positions of the sth base antenna, and (n,m is the Doppler frequency.  In [2] the Doppler frequency was defined only as a function of azimuth angle, so for the 3D model equation (21) of [2] needs to be changed to
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where v is the mobile velocity, (v is the mobile direction of travel in azimuth and (v is the mobile direction of travel in elevation.  The need for an mobile direction of travel in elevation is FFS.
To generate the channel in (1) all parameters with the exception of the elevation angles are computed according to [2].  The generation of the elevation angles will be performed using steps 7 and 8 in Annex B of [2] replacing azimuth angles for elevation angles with the additional step of randomizing the departure ray elevation angle, (n,m, with the departure ray azimuth angle, (n,m, within a cluster similar to the random coupling of step 8 for the azimuth departure angle and arrival angles (the arrival elevation angles also need to be decoupled with the arrival azimuth angles).  All that remains is to compute the elevation spread and the elevation spread bias (median elevation angle), which are needed to compute the elevation angles.  As with the other parameters, the log of the elevation spread is modeled as being Gaussian distributed with a mean and variance that is randomly drawn for each channel realization (the Gaussian distribution was observed from the ray-tracing data).  Following the ITU channel model, the elevation spread may be correlated with the other parameters and for the correlations with other parameters, please refer to Table I in the Appendix (in the table EoD/EoA is elevation angle of departure/arrival, ESD/ESA is the elevation spread of departure/arrival, SF is shadow fading, DS is delay spread, ASA/ASD is the azimuth angle spread of arrival/departure and K is the ricean-K factor).  The correlations with elevation spread were derived from the ray-tracing data but the remaining correlations will be unchanged from the ITU document.  It should be noted that in some cases the correlation values calculated from the ray-tracing data needed to be slightly decreased to make the matrix used to generate the correlated parameters be positive definite so a real-valued square-root matrix can be calculated. Taking best-fit lines for the mean and variance of the log of the elevation spreads plus the bias of the elevation angle, we came up with the following equations for the elevation spreads as a function of distance in meters.
For the InH environment the distance dependence should be less given the large number of scatterers and relatively small distances indoor. The other exception to the distance dependence was mean and variance of the log of the elevation spread of the elevation angles of arrival for the LOS environments.  For the other environments the mean and variance of the log of the elevation spread, and median elevation angle for both the arrival and departure angles are given as
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where a, b, c, and e are given by the parameters in Table I for each environment and d is the azimuth distance in meters.  In Table I the above distance-dependent equations are used when an equation number is in the table, otherwise the parameter is fixed with distance.  Note that the cluster elevation spreads may also be a function of distance (in meters) as given in the table.  When generating the elevation spreads, the elevation spread should not be allowed to be greater than 30 degrees.  Also in the above formulas, the distance should be between 10 and 2000 (if below 10 the distance should be set at 10 and if above 2000 the distance should be set to 2000).
4. Conclusion
The required changes to the 2D ITU channel model to create an accurate 3D channel model are proposed.  The proposed changes have the following features:

1. Only minimal changes are made, just the defining of the elevation angle spread and the median elevation angle at the eNB and the UE.

2. The calculation of the elevation angles is the same as the azimuth angles making changes to channel generation code simple.

3. The elevation spread is distance-dependent thus properly modeling the drastically different elevation spreads between close-in UEs to out-of-cell UEs.

4. To better model mobility, the Doppler frequency of the UE incorporates the elevation angles.  The inclusion of an elevation direction of motion of the UE is FFS.
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Appendix1 Channel Model Parameters
Table I. Elevation Parameters for 3D Channel Model (a number in parenthesis refers to an equation number for distance dependence)

	Scenarios
	UMi
	UMa

	
	LOS
	NLOS
	O-to-I
	LOS
	NLOS

	EoD spread (ESD) log10(degrees)
	
	(3)
	(3)
	(3)
	(3)
	(3)

	
	
	(4)
	(4)
	(4)
	(4)
	(4)

	Median EoD
	M
	0
	(5)
	(5)
	0
	(5)

	EoA spread (ESA) log10(degrees)
	
	0.4
	(3)
	(3)
	0.7
	(3)

	
	
	0.6
	(4)
	(4)
	0.4
	(4)

	Median EoA
	M
	(5)
	(5)
	(5)
	(5)
	(5)

	Cross-Correlations
	ESD vs SF
	0
	0
	0
	0
	0

	
	ESA vs SF
	0
	0
	0
	-0.5
	0

	
	ESD vs DS
	0.25
	0.26
	0.26
	0.5
	0.34

	
	ESA vs DS
	0.15
	0.3
	0.3
	0.25
	0

	
	ESD vs ASD
	0.6
	0.6
	0.6
	0.47
	0.4

	
	ESA vs ASD
	0
	0.2
	0.2
	0.2
	0

	
	ESD vs ASA
	0.37
	0.2
	0.2
	0.35
	0

	
	ESA vs ASA
	0.53
	0.61
	0.61
	0.47
	0.44

	
	ESD vs ESA
	0.58
	0.29
	0.29
	0.54
	0

	
	ESD vs K
	0
	N.A.
	N.A.
	-0.25
	N.A.

	
	ESA vs. K
	0
	N.A.
	N.A.
	-0.33
	N.A.

	EoD and EoA distribution
	Wrapped Gaussian
	Wrapped Gaussian

	Cluster ESD
	15/d
	30/d
	15/d
	15/d
	15/d

	Cluster ESA
	70/d
	50/d
	50/d
	80/d
	50/d

	Departure Elevation Angles
	a(
	-3.57e4
	-4.34e4
	-4.34e4
	-3600
	-1.9e5

	
	b(
	448
	622
	622
	127
	1540

	
	c(
	-0.72
	-1.15
	-1.15
	-0.3
	-1.62

	
	e(
	125
	175
	175
	250
	500

	
	a
	1.3e-3
	2.32e-4
	2.32e-4
	2.1e-4
	1.24e-4

	
	b
	.36
	0.29
	0.29
	0.06
	0.16

	
	a
	N.A.
	-1.22e4
	-1.22e4
	N.A.
	-9e4

	
	b
	N.A.
	694
	694
	N.A.
	-969

	
	c
	N.A.
	-2
	-2
	N.A.
	0.48

	
	e
	N.A.
	7.14
	7.14
	N.A.
	50

	Arrival Elevation Angles
	a(
	N.A.
	-54.8
	-54.8
	N.A.
	-8.8e3

	
	b(
	N.A.
	34.2
	34.2
	N.A.
	212

	
	c(
	N.A.
	0.30
	0.30
	N.A.
	0.41

	
	e(
	N.A.
	25
	25
	N.A.
	175

	
	a
	N.A.
	1.46e-4
	1.46e-4
	N.A.
	2e-4

	
	b
	N.A.
	0.19
	0.19
	N.A.
	0.06

	
	a
	-9750
	-1.59e4
	-1.59e4
	2900
	1.4e5

	
	b
	-74
	-96.3
	-96.3
	-1000
	-4.22e3

	
	c
	0.28
	4.94
	4.94
	0.04
	10.5

	
	e
	35
	12
	12
	75
	75
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