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1. Introduction
At the November plenary, the SI “Study on 3D-channel model for elevation beamforming andn FD-MIMO studies for LTE” was approved [1].  The SI lists four objectives:
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m

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 modelling and performance evaluation for the scenarios identified being typical:

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

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

· Identify the need for defining a new way of modelling 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 modelling 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 modelling 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 first give our views on the usage scenarios which are most suited to UE-specific beamforming and FD-MIMO. Second, we propose extensions to the channel models of A2.16. and Annex B of 36.814 to support 3D modelling in these scenarios.
2. Scenarios for UE-specific Elevation Beamforming and FD-MIMO  
UE-specific elevation beamforming improves system performance by pointing a beam in both the azimuth and elevation directions towards the UE thereby increasing the received signal power and at the same time reducing intercell interference.  MU-MIMO elevation beamforming also allows multiple users to be spatially multiplexed on the same set of resources, typically each with a single transmission layer.  FD-MIMO on the other hand offers increased capacity by increasing the number of antenna ports at the eNB, thereby enabling 3D beamforming, 3D SU-MIMO, and 3D MU-MIMO.
The usage scenarios where these technique offer the most benefit are urban areas where there is a rich multipath environment that can take advantage of the spatial multiplexing offered by 3D MIMO.  The reduction in intercell interference offered by elevation beamforming is also most beneficial in urban areas covered by small interference-limited cells.  While suburban and rural scenarios could benefit from the increase range offered by elevation beamforming, these gains could also be achieved with vertical sectorization.  Large cells are particularly well suited to vertical sectorization in that for a fixed vertical beamwidth, more sectors are available in a large vs. small cell. We therefore propose to focus on the Urban Micro-cell (UMi) and Urban Macro-cell (UMa) scenarios with Suburban macro-cell (SMa) or Rural macro-cell (RMa) being a lower priority. Note that SMa was not a required scenario for the ITU evaluations.  Both UMi and UMa scenarios should support UEs located indoors therefore requiring Outdoor-to-Indoor models for each. 

Proposal

· 3D channel model development should focus on the UMi and UMa scenarios with other scenarios being lower priority.

· Both scenarios should support indoor UEs. 
3. Modifications to the 3GPP Evaluation Methodology

According to the study item description, 3-dimensional channel modelling will use A2.1.6 and Annex B of 36.814 as a starting point with work done outside of 3GPP, e.g. WINNER+, as a possible supplement. Below we first describe additions to the methodology of 36.814 which are needed to support 3-dimensiontal channel models. Next, we propose a method of modelling the locations of outdoor and indoor UEs in both the horizontal and vertical domains.  Lastly, we address the need for modelling the mobility of outdoor UEs in both horizontal and vertical domains.
3.1. Extension to 3D Channel Models
The double-directional 2D channel model described in 36.814 Appendix B can be extended to three dimensions with the addition of new small scale and large scale parameters, a mapping scheme between azimuth and elevation angles of subpaths, and a definition of antenna element response.  Other additions such a propagation loss and modification of the expression for a rays Doppler shift will be discussed in the following sections.
3.1.1. New Small and Large Scale Parameters

Modelling in elevation requires the 
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 as new small scale parameters.  These are drawn from the from density functions 
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 parameterized by the large scale parameters of departure elevation angular spread, 
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 respectively.  In addition to angular spread, the large scale parameters of mean elevation departure angle, 
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The large scale parameters ESD, ESA, MED, and MEA are in turn generated according to their own density functions 
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.  These densities are then parameterized by a set of constants, e.g. mean and standard deviation. A proposal for the form of the small and large scale density functions is given in Table 1.  The departure elevation spread, ESD, and the arrival elevation spread, ESA, are proposed to be Gaussian and are therefore parameterized by their mean and standard deviations.  As shown in Table 2 below (values from WINNER+ [3], Table 4-3) these parameters are required for each of the scenarios.   WINNER + proposes values for each of these parameters based on a review of the literature.  Our proposal is to take the WINNER+ values unless further field trials or simulation results are produced which indicate significantly different values.
Proposal:

· Adopt the WINNER+ values for 
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 unless further field trials or ray tracing results indicate significantly different values.
Table 1: Density functions of small and large scale parameters

	Small Scale Parameters
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 with maximum density at MED and width parameter ESD
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	Large Scale Parameters
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	log-normal (base 10) with mean 
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	Fixed Value 
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Table 2: Parameters of the large scale parameter density functions.

	
	
	UMI
	UMa

	
	
	LOS
	NLOS
	O-to-I
	LOS
	NLOS

	ESD
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	0.4
	0.6
	0.88
	0.7
	0.9
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	0.2
	0.2
	0.34
	0.2
	0.2

	ESA
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	0.6
	0.88
	1.01
	0.95
	1.26
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	0.16
	0.16
	0.43
	0.16
	0.16

	MED
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	-2
	-2
	-1.2
	2
	-2

	MEA
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	2
	2
	1.2
	6
	10


3.1.1.1. Cross-Correlation between Large Scale Parameters
As with azimuth-only channel modelling, the elevation large scale parameters may be correlated between themselves as well as with the azimuth angular spreads, shadowing fading, and delay spread. WINNER + has proposed a set of such correlations although only the UMa parameters are derived from reported field tests.  WINNER+ proposes to reuse these parameters for UMi.  WINNER+ also uses the Indoor scenario correlations cited in WINNER 2 (Sec. 4.4) for the UMi O-to-I cross correlations. All unknown values are assumed to be 0.  Another issue with setting the cross-correlations is the requirement that the correlation matrix be positive definite which is not assured when its elements are chosen independently. We therefore propose to leave these values for further study.
Proposal: 

· Values for the cross correlations involving large scale elevation parameters is for further study.
Table 3: Cross-Correlation Between Large Scale Parameters
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3.1.1.2. Auto-Correlation of Large Scale Parameters

The autocorrelation distances of ESD and ESA also need to be specified. The WINNER+ model cites no field results on this topic but proposes to average the correlation distances of the azimuth angular spreads, ASD and ASA, and use the result for both ESD and ESA based on the reasoning that because the same set of scatterers are involved, the autocorrelation lengths should be similar. Unless empirical evidence indicates this is inappropriate we propose to adopt this approach. 
Proposal:

· Use the average of the azimuth autocorrelation lengths of the departure and arrival angular spreads for the autocorrelation lengths of the elevation angular spreads, ESD and ESA unless empirical data shows otherwise.
3.1.2. Cluster Angular Spread
WINNER+ references measurements of cluster angular spreads in the UMa environment [Sec. 3.2.4.2] as being between 3-4 degrees for departure and 5-7 degrees for arrival.  WINNER+ proposed values for cluster ESD and cluster ESA are 3 degrees and 7 degrees for UMa and UMi environments respectively.  Absent additional data, we propose to use these values as shown in Table 4.
Table 4: Proposed Cluster Angular Spreads.
	
	UMi LOS/NLOS
	UMa LOS/NLOS

	Cluster ESD
	3
	3

	Cluster ESA
	7
	7


Proposal:

· Cluster ESD and ESA of 3 and 7 degrees for both UMi and UMa scenarios respectively.
3.1.3. Pairing of Subpath Azimuth and Elevation Angles

In the 2D channel model, departure subpath angles are randomly paired with arrival subpath angles.  This is so the departure subpath with the smallest angle offset is not automatically paired with the arrival path also of the small angle offset.  With 3D modelling it is, in addition, necessary to randomly pair subpath departure azimuth angles with subpath departure elevation angles.  Similarly, random pairing between subpath arrival azimuth angles and subpath arrival elevation angles is required.
Proposal

· Subpath departure (arrival) azimuth angles should be randomly paired with departure (arrival) elevation angles.  
3.1.4. eNB Antenna Element Patterns
eNB antennas typically consist of vertically stacked antenna elements which are fed with fixed amplitude and fixed phase offsets from the antenna input.  By adjusting these fixed offsets the vertical pattern of the antenna can then be optimized.  With elevation beamforming and FD-MIMO on the other hand the phase and gain offsets are dynamically adjusted according to the eNB precoding weights.  The relevant antenna pattern in this case is not the antenna patterns currently defined in TR 36.814 which correspond to one particularly set of weights but instead the antenna patterns of the individual antenna elements.  3D channel modelling of elevation beamforming and FD-MIMO therefore requires specification of the antenna element patterns in both azimuth and elevation.  Coupling effects between elements may also need to be modelled (note that this is not required to perform the baseline simulations).
Proposal

· Antenna element radiation patterns are required for 3D modelling of elevation beamforming and FD-MIMO.

· Antenna element coupling effects may need to be modelled.

3.2. Modelling the Location of Outdoor and Indoor UEs within a Sector
Because the elevation beamforming and FD-MIMO studies is expected to focus on urban area scenarios, it seems reasonable to include the modelling of UEs in the vertical domain. In typical urban areas UEs with significant offset in the vertical direction are located in multi-floor buildings.  Although it is possible that a UE’s vertical offset could be significant outdoors due to terrain, these offsets would most likely be much smaller than those of multi-story buildings.  In addition since modelling of terrain is not included in the 2D channel models it doesn’t seem appropriate to add now especially since the effect of terrain would most likely affect propagation loss more than elevation angle.  We therefore propose to model the vertical dimension of UE location only for indoor UEs.
Proposal:

· Model the vertical domain of UE location only for indoor UEs

3.2.1. Modifications to Path Loss Equations
Changes to the pathloss equations are required when the UE’s vertical dimension is modelled.  This is discussed below for UMi and UMa channels.
UMi

The O-to-I pathloss equation from Annex B of 36.814 is given in Table 5.  The pathloss is seen to be directly parameterized by the UE height, 
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 where for 2D channel modelling the value of 
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 has been fixed to 1.  Thus all that it is necessary is that we either model the vertical dimension of the UE’s location as an occupied floor or model the vertical dimension directly.  These two options will be discussed below.
Table 5: O-to-I Pathloss Equation. 
	O-to-I
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Manhattan grid layout (θ known):
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For hexagonal layout (θ unknown):

PLtw = 20, other values remain the same. 
	 = 7
	10 m < dout+din< 1 000 m,

0 m < din< 25 m,

hBS=10m, hUT=3(nFl -1)+1.5m,

nFl=1,

Explanations: see  3)




3) PLb = basic path-loss, PL B1 = Loss of UMi outdoor scenario, PLtw = Loss through wall, PLin = Loss inside,  dout = distance from BS to the wall next to UT location, din = perpendicular distance from wall to UT (assumed evenly distributed between 0 and 25 m), θ = angle between LOS to the wall and a unit vector normal to the wall.

Note: The term 
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 is the NLOS UMi pathloss PL = 36.7log10(d) + 22.7 + 26log10(fc).
UMa
Unlike UMi, the ITU UMa channel model does not include an O-to-I scenario. However a UMa O-to-I scenario has been included in the set of CoMP evaluation scenarios. See Table A.1-1 of 36.819. The NLOS UMa pathloss loss equation is used with the same penetration loss specified in the UMi model, i.e. 
[image: image50.wmf](

)

20.5

penetrationinin

PLdd

=+

 where 
[image: image51.wmf]in

d

 is the perpendicular distance to the wall.  The UMa O-to-I pathloss equation then becomes 

PL = 161.04 – 7.1 log10 (W) + 7.5 log10 (h) – (24.37 – 3.7(h/hBS)2) log10 (hBS) +                           (Eq. 1)

(43.42 – 3.1 log10 (hBS)) (log10 (d)-3) +20 log10(fc) – (3.2 (log10 (11.75 hUT)) 2 - 4.97) +20 +.5din
Proposal:

· Adopt Eq. 1 as the UMa O-to-I pathloss equation.
3.2.2. Modelling the Height of Indoor UEs

There are two approaches which may be used to model the height of indoor UEs:

Approach 1)
Model the height of the UE as 
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is a random variable based on the distribution of the number of floor in buildings in urban areas and assuming uniform occupancy per floor. The density function of the user height expressed in units of 3 m high floors would therefore be 
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 where 
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 is the probability mass function for the height of buildings in urban areas expressed in number of floors and 
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 is the maximum number of floors to be modelled. Here 
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Different values of 
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 may be needed for UMi and UMa scenarios.
Approach 2)

Directly model 
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 directly according to some distribution.

Which is the easier approach requires further study. For example data on terminal height above ground for satellite communications could be used with approach 2 while a database of a city’s buildings could provide the 
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 for approach 1, e.g. [3].
Proposal:

· Model indoor UE height based on either 
· A distribution of the building heights in urban areas and uniform occupancy per floor

· A distribution directly on the UE heights
3.3. Modelling the Mobility of Outdoor UEs in the Vertical and Horizontal Domains

UE motion, while not directly modelled in the system simulation methodology due to its time-slice nature,  is responsible for time-varying multipath fading due to the Doppler shifts imposed on arriving paths.  These Doppler shifts take different values when paths arrive with elevation than without even when there is only motion in the azimuth direction [2].  The Doppler shift (assuming the UE is moving in the horizontal direction only) of the nth  path with azimuth arrival angle at the UE of 
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This equation can be extended to include motion in the vertical domain [2].  However, since in our view outdoor UE vertical position should not be modelled, it is also unnecessary to model motion in the vertical direction.
Proposal:

· Subpath Doppler shifts according to  Eq. 2

· Outdoor UE motion in the vertical direction should not be modelled.
4. Conclusions
This contribution presented our views on usage scenarios of UE-specific elevation beamforming and FD-MIMO. Extensions of the 2D channel model in 36.814 to support 3D modelling of these usage scenarios were proposed. The conclusions can be summarized as follows:
Proposal:

· Usage Scenarios

· 3D channel model development should focus on the UMi and UMa scenarios with other scenarios being lower priority.

· Both scenarios should support indoor UEs. 

· Extensions to 3D Channel Models

· 3D Channel Model Parameters
· See Appendix A

· Subpath departure (arrival) azimuth angles should be randomly paired with departure (arrival) elevation angles.  

· eNB Antenna Element Patterns

· Antenna element radiation patterns are required for 3D modelling of elevation beamforming and FD-MIMO.

· Antenna element coupling effects may need to be modelled.

· Modelling the Location of Outdoor and Indoor UEs Within a Sector

· Model the vertical domain of UE location only for indoor UEs.
· Adopt Eq. 1 as the UMa O-to-I pathloss equation.

· Model indoor UE height based on either 
· A distribution of the building heights in urban areas and uniform occupancy per floor, or
· A distribution directly on the UE heights.
· Modelling the Mobility of Outdoor UEs in the Vertical and Horizontal Domains
· Subpath Doppler shifts according to  Eq. 2.
· Outdoor UE motion in the vertical direction should not be modelled.
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6. Appendix Proposed 3D Channel Model Parameters
	 
	 
	UMI
	UMa

	 
	 
	LOS
	NLOS
	O-to-I
	LOS
	NLOS

	ESD (log10)
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	0.4
	0.6
	0.88
	0.7
	0.9
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	0.2
	0.2
	0.34
	0.2
	0.2

	ESA (log10)
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	0.6
	0.88
	1.01
	0.95
	1.26
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	0.16
	0.16
	0.43
	0.16
	0.16

	MED
	
	-2
	-2
	-1.2
	2
	-2

	MEA
	
	2
	2
	1.2
	6
	10

	ESD vs. SF
	TBD
	TBD
	TBD
	TBD
	TBD

	ESA vs. SF
	TBD
	TBD
	TBD
	TBD
	TBD

	ESD vs. K
	TBD
	TBD
	TBD
	TBD
	TBD

	ESA vs. K
	TBD
	TBD
	TBD
	TBD
	TBD

	ESD vs. DS
	TBD
	TBD
	TBD
	TBD
	TBD

	ESA vs. DS
	TBD
	TBD
	TBD
	TBD
	TBD

	ESD vs. ASD
	TBD
	TBD
	TBD
	TBD
	TBD

	ESA vs. ASD
	TBD
	TBD
	TBD
	TBD
	TBD

	ESD vs. ASA
	TBD
	TBD
	TBD
	TBD
	TBD

	ESA vs. ASA
	TBD
	TBD
	TBD
	TBD
	TBD

	Corr. Distance meters
	ESD
	8
	10
	11
	18
	50

	
	ESA
	8
	9
	17
	15
	50

	Cluster ESD
	3
	3
	3
	3
	3

	Cluster ESA
	7
	7
	7
	7
	7

	AoD and AoA distributions
	Laplacian 


TBD
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