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1. Introduction and Background
UE attachment modeling has been discussed in email discussion after RAN1#74, and the following conclusion has been made:
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, different methods on UE attachment modeling are evaluated and discussed.
2. Discussion
2.1. Antenna modelling
The eNB antenna configuration corresponds to case 3-2 of [1], namely 10V2H antenna, and the 2H antenna are cross-pol. The 10V antenna with same polarization are virtualized to one CRS port (hence totally 2 CRS ports), and the virtualization is based on DFT vector defined in [2] with 102 degree downtilt.
2.2. UE attachment modelling
In this section, four different methods on UE attachment are explained:
Alt 1: Based on LOS direction only
In this method, only LOS direction is considered for a given link between a UE and a transmission point in modeling the RSRP needed for UE attachment, which means that the following formula is adopted to determine UE attachment.
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Alt 2: Based on mean angles
In this method, mean angle is considered for a given link between a UE and a transmission point, which means that the following formula is adopted to determine UE attachment.
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where 
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θMeanEoD =θLoSEoD +EoDoffset










q

MeanEoD

=q

LoSEoD

+

EoD

offset

[3]. The modeling method of EoDoffset is described in [4] [5].
Alt 3: Based on angle of all clusters
In this method, angles of all paths, not including subpaths, are considered for a given link between a UE and a transmission point, which means that the following summation of antenna gains of all clusters is usedto determine UE attachment.
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(3)
Alt 4: Based on angle of all rays of all clusters (R1-133967)
In this method, angles of all paths, including all subpaths, are considered for a given link between a UE and a transmission point, which means that the following summation of antenna gains of all rays of all clusters is used to determine UE attachment.
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(4)
The fifth alternative is to do UE attachment based on channel realization H. This alternative is not evaluated in this contribution mainly considering the complexity of modeling fast fading in UE attachment part.
2.3. Comparison among different methods on UE attachment modelling
In this section, coupling loss and geometry for these four alternatives are evaluated for UMa and UMi, respectively.
2.3.1. UMa
Figure 1 and figure 2 illustrate the coupling loss and geometry in UMa. As can be seen from figure 1, Alt1 has the worst cumulative distributions of coupling loss, and the coupling loss of Alt2 is better than that of Alt1. Alt4 has almost the best coupling loss, which is the same as Alt3. As can be seen from figure 2, Alt1 has the best geometry. Alt4 has the worst geometry and is the same as Alt3. The geometry of Alt2 is worse than that of Alt1 and better than that of Alt 3and 4.
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Figure 1.  Coupling loss comparison among different UE attachment modeling methods for UMa
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Figure 2.  Geometry comparison among different UE attachment modeling methods for UMa
2.3.2. UMi

Figure 3 and 4 illustrate the coupling loss and geometry in UMi, which shows the same phenomenon as in UMa. Alt1 has the worst cumulative distributions of coupling loss, and the coupling loss of Alt2 is better than that of Alt1. Alt4 has the best coupling loss, which is a little better than that of Alt3. However, Alt1 has the best geometry. Alt4 has the worst geometry and is almost the same as Alt3. The geometry of Alt2 is worse than that of Alt1 and better than that of Alt3.
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Figure 3.  Coupling loss comparison among different UE attachment modeling methods for UMi
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Figure 4.  Geometry comparison among different UE attachment modeling methods for UMi
Observation:

Alt1 has the worst coupling loss and best geometry. Alt2 has better coupling loss and worse geometry compared with Alt1. Alt 4 has the best coupling loss and worst geometry. Alt3 and Alt4 have almost the same cumulative distributions of coupling loss and geometry.
3. Conclusion
In this contribution, four different methods on UE attachment modeling are evaluated and compared. The four methods include:

· 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)
The last alternative which is based on channel realization H is not evaluated because of the complexity of modeling fast fading in UE attachment part. 
We have the following observations based on the evaluations.
Observation:

Alt3 and Alt4 have almost the same cumulative distributions of coupling loss and geometry.
Assuming alt.4 is the most accurate method among the four evaluated alternatives, the above observation implies that the alt. 3 provide similar UE attachment with alt. 4 and less complexity. UE attachment based on alt. 1 and 2 is different from alt. 4. Therefore it is proposed:

Proposal:

· Adopt alt. 3 (Based on angle of all clusters) for UE attachment
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Annex A
Table 1. Offset modeling of EoD
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