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1. Introduction
There is a large interest of improved multiple-antenna techniques in 3GPP. Proposals on future study items within this area include
· UE specific elevation beamforming
· FD-MIMO.
In preparation for these study items there is also a study item on appropriate channel modeling for these topics. The rationale for this is that it is well known that channel modeling is a crucial part when conducting system performance evaluations and it is clear that the channel models currently used within 3GPP are not sufficient for the upcoming study items. 
The channel models currently adopted in 3GPP, including the ITU-R based, model angular spread in the azimuth domain but confine all signals to a two-dimensional plane and thus lack modeling of elevation angular spread. Instead, it is assumed that all propagation paths between an eNodeB and a UE have the same departure elevation angle as the (potentially imaginary) line-of-sight path in conceivable simulator implementations, although the actual formula (20) in Section B.1.2.2.1 [3] does not explicitly present the minor changes needed to realize complete 3D calculations. In the same manner it is also assumed that the arrival elevation angle for all propagation paths equals the arrival elevation angle of the line of sight path; that is, all signals propagate in a two-dimensional plane, possibly containing the LOS path, depending on exact implementation details. Such a confined two-dimensional propagation is illustrated in Figure 1(a). The reality is however typically more complex than this and may include for instance over rooftop reflections, reflections and diffractions from adjacent buildings and lineof-sight propagations. 
Observation

· Current 3GPP channel models model signal propagation confined to a two-dimensional horizontal plane

· Proper modeling of the elevation angular domain is completely lacking

In [2] the elevation angular spread was investigated in a channel measurement campaign. One of the obtained results is shown in Figure 2. The figure illustrates in which azimuth and elevation angles the propagation paths are located relative to a given eNodeB. As can be seen the results show quite clearly that the model corresponding to Figure 1(a) is quite far away from the reality when it comes to the elevation angular spread; the main part of UE#1’s propagation paths are reflected from an adjacent building whereas for UE#2 a large part of the propagation paths comes from over rooftop propagations. Hence, the situation illustrated in Figure 1(b) may in fact be closer to the reality than the situation in Figure 1(a) for many scenarios.
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Figure 1: In (a) all propagation paths lies in the line-of-sight plane and in (b) all propagation paths are over rooftop reflections.
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Figure 2: Estimated paths superimposed on a panoramic photograph taken from the eNodeB location at the roof. The directions of the UE locations are indicated with green circles. I should be noted that the UEs are in NLOS conditions so that they are not visible from the eNodeB. 
From visual inspection of Figure 1a-b we can conclude that the system performance gains of exploiting the elevation domain by means of e.g using UE specific elevation beamforming (or even conventional down-tilt) in these two modeling alternatives will be (potentially very) different; in Figure 1(a) the angles of the propagation paths at the eNodeB are spread in a fairly large elevation interval for different UEs whereas in Figure 1(b) all UEs experience angles of departure that are gathered in a quite small interval. When this interval is large there should naturally be more potential in UE specific beamforming than when the interval is small. Based on this observation it is clear that the modeling of elevation angular spread will be of particular importance when studying UE specific elevation beamforming in principle any technique that exploits the properties of the elevation domain, including down-tilt and FD-MIMO. 

Observation

· Appropriate modeling of elevation angular spread is particularly important when evaluating UE specific elevation beamforming or other techniques that exploit the elevation domain
In this contribution we will simulate UE specific elevation beam selection using three different models for elevation angular spread. We will furthermore show that these different models produce very different results in terms of system performance gains. From this we conclude that appropriate modeling of elevation angular spread is crucial in order to produce relevant results and conclusions. 
2. Channel models
We will as a starting point use the ITU UMa channel model together with the 3D antenna model concept and true 3D calculations, as may be inferred from the combination of Section A2.1.6 and Annex B in [6], in line with the objective of the SID [5]. An explicit formula for 3D calculation in the channel coefficient generation is given in our companion paper [4]. Simply using such channel coefficient generation corresponds to assuming a zero elevation angular spread around the 3D LOS plane. This kind of model will then be modified in two different ways in order to also model elevation angular spread. Hence, there will be a total of three different channel models to compare below. 
2.1. No elevation angular spread
Here we will use the zero angular spread around LOS 3D extension of the ITU UMa channel model.. This will hence correspond to a channel model currently in use or close to what is being used in 3GPP.  
2.2. Truncated Gaussian elevation angular spread
For the ITU UMa channel model there exist 20 scattering clusters in the non-line-of-sight case and 12 clusters in the line-of-sight case. For each cluster 20 propagation paths are simulated between the eNodeB and the UE. We introduce elevation angular spread by adding a random offset to the line-of-sight direction to each propagation path, n, so that the elevation angles for propagation path n are described by 
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where N is the total number of propagation paths, 
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 corresponds to the elevation angle at the UE side and 
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 corresponds to the elevation angle at the eNodeB side. Furthermore, the random offset 
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 is created as a truncated Gaussian distribution 
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where w is Gaussian distributed with standard deviation 
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. The parameter values used in our simulations were matched to a set of conducted measurements and are listed in  REF _Ref345425402 \h 
 \* MERGEFORMAT . 
Table 1: Parameter values used in the simulations.
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2.3. Extended ITU UMa 
In reality the propagation between an eNodeB and a UE often includes over rooftop reflections, reflections/diffractions from adjacent buildings and line-of-sight propagations as illustrated in Figure 3. This is clearly not captured by adding a truncated Gaussian spread as suggested in Section 2.2. As indicated by real-life measurements described in [2]  and illustrated in Figure 2, signals typically travel both above rooftops and around buildings below the rooftops and this is a dominating factor in creating elevation angular spread. From geometrical considerations in Figure 3 it is moreover evident that the elevation angles and amount of angular spread is dependent on the UE position as well as building and eNodeB height; for UEs far away from the eNodeB, above rooftop propagation dominates and elevation angles hence tend to be concentrated close to the horizon while closer to the eNodeB the elevation direction points more downwards and the spread increases.
Observation

· Dual propagation above rooftops and around buildings below rooftops is a primary cause for elevation angular spread
· Elevation angles and spread depend on UE position, building and eNodeB height

Proposal
· Modeling of elevation angular spread should take dual propagation above rooftops and around buildings into account
· Both elevation angles and elevation angular spread should depend on UE position, building and eNodeB height
One model for capturing such dual path propagation at the eNodeB side, and which also can be directly applied to the ITU UMa channel model, is suggested in [2]. We will therefore use this model in order to produce a refined channel model in terms of the elevation angular spread.  
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Figure 3: In reality the propagation environment between an eNodeB and a UE may include over rooftop reflections, reflections from adjacent buildings and line of sight propagations. 
The model is summarized below (see [2] for the full description):  
1. Introduce a new parameter, clutter height hcl, which is smaller or equal to the BS height. 
2. For each cluster j, determine the total path length dj from the absolute delay j, or the excess delay ’j, as 
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 where c is the speed of light and d0 is the BS to UE distance.
3. For each cluster, calculate the BS-UE plane elevation angle 
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 and the BS-clutter plane elevation angle 
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4. Determine the per cluster path loss in relation to free space path loss 
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 where pj is the cluster path gain and 
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 is the wavelength. 
5. Determine the per cluster probability of having the elevation angle 
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 where K is a constant (we have used K=8 in our simulations). 
6. Randomly determine clusters to be in the BS-clutter plane or otherwise the BS-UE plane according to the derived probability. If a LOS path exists it is set to 
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3. UE specific elevation beam selection
UE specific elevation beam selection is an interesting technique for boosting system performance. We have designed and simulated the following systems:  

· A system where no beam UE specific beam selection is done in elevation, hence a “baseline system” with an optimized fixed system-wide down-tilt. 

· A system where the UE can recommend the eNodeB to use one out of eight different elevation beams when transmitting data. Hence this system will realize UE specific elevation beam selection as illustrated in Figure 4.  
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Figure 4: UE specific beam selection.

The systems were for each channel model designed as follows: 

1. A tilt sweep was conducted for the baseline system and a well performing tilt 
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 was chosen. It should be noted that since the different channel models differ in the elevation domain different tilts were obtained for different channel models for the same wireless system. 

2. The 8 selection beams were created by down-tilting the antenna pattern used in the baseline system. The direction of the different selection beams were chosen as 
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 where k=1,…,8 and 
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 denotes the tilt of the k:th selection beam. This produces a set of beam patterns with elevation pointing directions in the interval 
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4. Simulation results

The simulation assumptions are summarized in Section 7. In brief we are considering full buffer traffic at high load and it is assumed that all users are in non-line-of-sight and outdoor. As previously stated we are using the ITU UMa channel model modified in different ways in order to introduce elevation angular spread. 

The obtained simulation results are presented in  REF _Ref345498355 \h 
 \* MERGEFORMAT . As can be seen there are very large differences in the relative system performance gains obtained with the different channel models:

· for average user throughput we have relative gains in the interval 4.5% to 24.4%, and 

· for cell-edge throughput we observe relative gains in the interval 8.0% to 21.9%. 
The produced gains with the different channel models are not consistent. Hence, the choice of how to model the elevation angular spread is crucial in order to produce relevant and reliable results when evaluating UE specific elevation beamforming. 
Table 2. Simulation results assuming full buffer traffic at high load.

	Channel model
	Average user throughput 
[bps/Hz/user]
	Cell edge user throughput 
[bps/Hz/user]

	
	Baseline
	UE specific elevation beam selection
	Baseline
	UE specific elevation beam selection

	No elevation angular spread
	0.433
	0.539
+24.4%
	0.082  
	0.100
 +21.9%

	Truncated Gaussian elevation angular spread
	0.413
	0.493
+19.5%
	0.106
	0.115
+9.1%

	Extended ITU UMa
	0.482
	0.504
+4.5%
	0.121
	0.131
+8.0%


Observation

· The three different presented channel models produce very different system performance gains for the same UE specific elevation beam forming scheme 

· The by far highest gains are obtained when assuming zero angular elevation spread around the LOS plane
· Quick fixes to current 3GPP channel models, such as introducing 3D channel coefficient generation in the LOS plane offset with some elevation spread, gives misleading simulation results
5. Conclusions
This contribution discussed the impact of various ways of modeling elevation angles and elevation angular spread when simulating UE specific elevation beamforming. It was showed that this modeling has a strong impact on the resulting simulation results and that it is therefore crucial that 3GPP properly models propagation in three dimensions . Based on these findings we observe 

· Current 3GPP channel models model signal propagation confined to a two-dimensional horizontal plane
· Proper modeling of the elevation angular domain is completely lacking
· Appropriate modeling of elevation angular spread is particularly important when evaluating UE specific elevation beamforming or other techniques that exploit the elevation domain
· Dual propagation above rooftops and around buildings below rooftops is a primary cause for elevation angular spread
· Elevation angles and spread depend on UE position, building and eNodeB height

· The three different presented channel models produce very different system performance gains for the same UE specific elevation beam forming scheme 
· The by far highest gains are obtained when assuming zero angular elevation spread around the LOS plane
· Quick fixes to current 3GPP channel models, such as introducing 3D channel coefficient generation in the LOS plane offset with some elevation spread, gives misleading simulation results

and as a consequence propose 

· Modeling of elevation angular spread should take dual propagation above rooftops and around buildings into account
· Both elevation angles and elevation angular spread should depend on UE position, building and eNodeB height
6. References

[1]  Report ITU-R M.2135-1, “Guidelines for evaluation of radio interface technologies for IMT-Advanced”.
[2]  J. Medbo, H. Asplund, J.-E. Berg, N. Jaldén, “Directional Channel Characteristics in Elevation and Azimuth at an Urban Macrocell Base Station”, in Proc of 6th European Conference on Antennas and Propagation (EuCAP 2012), Prague, Czech Republic, March 2012.
[3]  TR36.814  V9.0.0, “Further advancements for E-UTRA physical layer aspects”, 3GPP.
[4]  R1-130568, “3D-Channel Modeling Extensions and Issues”, Ericsson, ST-Ericsson.
[5]  R1-122034, “Study on 3D-Channel Model for Elevation Beamforming and FD-MIMO Studies for LTE”.

[6]  TR36.814  V9.0.0, “Further advancements for E-UTRA physical layer aspects”, 3GPP.
7. Appendix

Table 3: System level assumptions.
	General parameters

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Macro cell layout
	Hexagonal grid, 3-sector sites, 21 sectors

	Indoor/Outdoor UEs
	100% outdoor

	Channel models
	ITU Urban Macro with 100% no line of sight. For the angular elevation spread we use 
i) No elevation angular spread
ii) Truncated Gaussian elevation angular spread
iii) Extended ITU UMa

	Nrof RBs per subband
	6

	Average nrof UEs per point
	5

	Control region overhead
	3 OFDM symbols per subframe

	DMRS overhead
	Yes

	Feedback delay
	6 subframes

	Feedback periodicity
	Every 5 subframe 

	Cell selection
	RSRP, 1 dB handover margin

	Traffic model
	Full buffer

	Scheduling
	Implicit feedback based PFTF

	OLLA
	Yes, 10 % target BLER

	HARQ
	Yes, max 5 retransmissions

	Receiver filter
	MMSE with no inter point IRC

	Feedback modes
	3-1 

	UE speed
	3 km/h

	UE antenna configuration
	3D isotropic X pol

	Macro antenna configuration
	3GPP like antenna, 2 Tx cross-pole

	Macro antenna tilts, 
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	i) 11°downtilt 
ii) 12°downtilt
iii) 8°downtilt

	Macro point transmit power
	40 W
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