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1. Introduction
Antenna modeling for 3D channel studies was discussed in RAN1#72bis, and a presented WF [1] is agreed with the following changes:

· Number of horizontal antenna elements (the total number of antennas in a single row, counting across both polorizations in case of cross-pol)

· Cross-pol: 2,4,8

· Co-pol: 1,2,4,8

· For calibration of channel modeling purpose, working assumption is

· K takes two values, 1 and M

· M=10 as baseline, other values FFS

· Vertical antenna spacing is (0.5, 0.8) lambda 

· Complex weight for antenna element m is



where m=1,…,K,        

·        SHAPE  \* MERGEFORMAT 


     is electrical vertical steering angle and the angle is defined between 0° and 180°    

      (90° represents perpendicular to array).

· The value of  SHAPE  \* MERGEFORMAT 


 is FFS, and taking into account the UE height modeling 

· FFS how to develop weights corresponding to the 3GPP antenna model [Table A.2.1.1-2 in TR36.814]

· Acting as one reference scheme when later evaluating proposed solutions

The above agreement has some further clarification issues, which include whether antenna element-based or port-based channel generation is appropriate in 3D-channel evaluation campaigns, and RS port-to-element mapping issues for meaningful evaluation result comparison. This contribution discusses these remaining issues needed to be clarified, and suggests our views to move forward.
2. Discussion
2.1. Antenna element-based vs. port-based channel generation. 
In RAN1 specifications so far, how to associate the transmit antenna ports with physical antenna elements has been out of scope and has been regarded as an eNB implementation based on a transmit antenna virtualization scheme.  For the 3D-channel SI, however, it should be clearly investigated whether port-based channel generation (conducted so far based on 36.814 [2]) is still enough to be used for further evaluation campaigns, or element-based channel generation (which is the exact approach but has more complexity) is eventually needed to be employed for evaluation result comparisons between a baseline performance and further enhanced scheme dependent performances. During the online discussion in the 3D session as well as in some contributions for RAN1#72bis [3]–[5], this issue has been primarily raised and initially discussed without concrete conclusions.

In this section, we first investigate a mathematical formula for port-based spatial channel and show an exact port-based antenna gain formula to be used for relevant evaluation campaigns.
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Figure 1. Generation methods for element-based channel vs. port-based channel.

Two approaches – element-based and port-based channel generations – mentioned above are depicted in Figure 1.  Under the assumption that a kind of radio distribution network is employed at transmitters, connecting transmit antenna ports to physical antenna elements by complex coefficients (e.g., denoted by wm in the above agreement), the element-based approach requires the SCM generation per physical antenna element, while the port-based approach requires the SCM generation per port (which is usually less complex due to the less total number of ports than that of elements in general).

The element-based spatial channel can first be written as follows, in terms of antenna element index s corresponding to a 2D array element location of 
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 is the horizontal element index and 
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 is the vertical element index.  We assume co-pole antennas for simplicity of the derivation:
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(1)

where
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On top of equation (1), per port index p, if we apply complex weight vector 
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 vertical antenna elements, a port-based spatial channel formula is derived as follows:
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Here, we denoted port-to-element mapping by port index p corresponding to antenna elements from 
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 is the reference antenna elements of the port
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.  Note in this notation, an antenna element belonging to port p can be represented as 
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is the distance from the reference antenna element of the port p, for which 
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.  Illustrations of such port-to-element mapping are shown in Figure 2.
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Figure 2. Examples of port configurations according to the number of vertical elements per port (K).

We then moved the summation term w.r.t index k in equation (2) into the summation term w.r.t index m, and further divided vertical phase difference term 
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, which respectively represent the phase difference between antenna element 
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and the first antenna element of the column having port p. With some rearrangements, we obtained:
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(3)
In equation (3), we can extract the term – only related to port p as below, which can be interpreted as ‘a complex antenna port gain’, also primarily discussed in [5]:
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                          (4)
Note the formula of (4) is complex-valued, which is different from the composite antenna gain expression given in [6].

If we substitute the term 
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 and separate the magnitude part and the phase part, the complex antenna port gain expression can be interpreted as follow:

· Magnitude (in dB scale) : 
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· Phase :  
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Note the magnitude part is the same as the composite array pattern in [6] with 
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.  The reason that the phase term is needed for RAN1 evaluations is because the phase term is necessary for the exact modelling of cross correlation between multiple beams.  In the case of the UE-dedicated beamforming, the eNB can assign different weight vectors to a UE and transmit simultaneously from different antenna ports sharing an antenna element.  Without the phase term, the cross correlation between fading channels generated on such different antenna ports is different from the exact correlation value obtained from the element-based approach.

Summarizing, by using the complex antenna port gain expression provided in (4) for port-based channel generation procedures, the two approaches of port- and element-based channel generation become equivalent to each other, so that the port-based approach with lower complexity can be used for RAN1 evaluation campaigns.

Proposal 1:  In a port-based channel generation procedure, the following complex antenna port gain expression is used for RAN1 evaluations: 
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2.2. CRS port-to-element mapping

For 3D-channel evaluation campaigns, how to define RS port-to-element mapping is needed to be initially determined.  Specifically, in the case of K = 1 in the above agreement (also shown in Figure 2(a)), one port is mapped to only one element so that one CRS port is also transmitted from one antenna element, with vertical beam width of 65 degree.  In the case of K = 10 (shown in Figure 2(c)), the vertical beam width will be much narrower than that of K = 1, resulting in a different cell coverage compared to the case of K = 1.

If companies freely use K = 1 or K = 10 for their evaluations especially for CRS, it would be difficult comparing companies’ further evaluation results, since the cell coverage is different depending on the CRS port-to-element mapping, and it will result in different serving-cell selection.  Therefore, RAN1 should first decide which K value is used for CRS port-to-element mapping for the initial calibration of 3D channel studies.  Note this determination can be conducted based only on geometry performance comparisons.  Based on the determined CRS port-to-element mapping, dynamic SLS can be conducted by individual companies so that meaningful comparisons are possible.

Proposal 2: RAN1 should first decide which K value is used for CRS port-to-element mapping for the initial calibration of 3D channel studies, based only on geometry performance.

Regarding other RSs such as CSI-RS and DMRS, it is reasonable that companies may freely use RS-to-element mapping (e.g., by K = 1 or K = 10) for their further evaluations at later stages of the study.  However, for calibration of baseline performance evaluations, we suggest using the K value used for CRS port-to-element mapping to be also used for CSI-RS or DMRS port-to-element mapping for simplicity. 

Note the antenna port gain for CRS, CSI-RS, and DMRS can be based on the derived complex port gain term as in Proposal 1, when the simpler port-based channel generation is to be conducted for RAN1 evaluations.

3. Conclusion
In this contribution we discussed some clarification issues on 3D antenna modeling for initial calibration, especially for port-based or element-based channel generation and RS port-to-element mapping issues. The following proposals were given based on the discussion:
Proposal 1:  In a port-based channel generation procedure, the following complex antenna port gain expression is used for RAN1 evaluations: 
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Proposal 2: RAN1 should first decide which K value is used for CRS port-to-element mapping for the initial calibration of 3D channel studies, based only on geometry performance.
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