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1. Introduction
In RAN1#78bis meeting, the content in [1] on antenna modeling is agreed with following updates. 
 Agreements:

· Page 4, Value of N in phase 2 can be discussed in the next meeting

· Page 4, replace “for small cell” to “for 3D UMa 200 m ISD, small cell, and 3D UMi”

· FFS: Prioritization among “3D UMa 200 m ISD, small cell, and 3D UMi”

· Page 8, FFS: necessity to add “power” for adaptability of TXRU virtualization weights

· FFS in R1-144437 means that it is not precluded 
· Vertical antenna element spacing and Number of antenna elements with the same polarization in each column (dV , M): (0.8λ, 8) and (0.5 λ, 4)
Note that there are some details for further discussion.  In this contribution we share our views on these remaining issues.
2. Antenna modeling
2.1  Number of horizontal antenna elements N
The total number of elements in 2D antenna array largely determines the potential MIMO gain of a 2D antenna array system. From this perspective, a larger value of N (number of horizontal antenna elements) is more preferable with the fixed M (number of vertical antenna elements) value agreed in RAN1#78bis meeting (i.e. M=8 for macro).  However, more antenna elements mean higher requirement/cost and also increase the array size in horizontal which will bring more difficult in antenna deployment. Thus we should carefully consider the tradeoff among potential benefit, antenna size limitation, and cost in different scenarios when we determine the value of N.
3D UMi and 3D UMa 200m ISD, 2.0GHz

Both scenarios do not have a wide coverage.  In these scenarios, base stations should be deployed in dense urban area. Too many element numbers may significantly increase the difficulty of antenna location selection and cost.
In these scenarios, more attention may be paid on how to exploit beamforming gain in elevation because of the wide range of UE distribution in the vertical domain.  Defining more TXRUs in vertical seems to be more reasonable.  Considering the total TXRU number is limited to 64, number of TXRUs in horizontal domains is often limited to 4 TXRUs if 8 TXRUs is used in vertical domain.  In additional, with the antenna size analysis listed in the appendix, we propose N<=4 in these scenarios e.g. N={1,2,4}. 
3D UMa 500m ISD, 2.0GHz
In this scenario, traditional beamforming in horizontal is used more often with wider coverage.  It is desirable to have N as large as possible under an acceptable antenna size assumption for better spatial resolution in horizontal and hence more potential performance gain. In [2] we give our simulation results with different N values.  Which show obviously gain when we increase the value of N. 
In this scenario, issues on antenna array size limitation and hardware cost may not be as serious as in other scenarios.  In Rel-10, 8Tx uniform linear array with 0.5lambda spacing is considered and the antenna size is ~ 3.5λ.  According to table 1 in appendix, 3.5λ means ~52.5/45.5/40.4 cm and for typical 2.0/2.3/2.6GHz.   This assumption can also be considered for dual-polarized antenna array in the macro cell with ISD=500m.  Therefore, we think N<=8 in this scenario is a reasonable configuration. When up to 8/16 elements are deployed in horizontal for ULA/XPOL respectively, we can reduce number of TXRUs in vertical and increase it in horizontal to keep the same total number of TXRUs.  Therefore,  N = {1, 2, 4, 8} is considered for 3D UMa 500m ISD with 2.0GHz,
3D UMi and 3D UMa 200 m ISD, 3.5GHz

In general, the antenna size limitation should be the same as 3D UMi and 3D UMa 200 m ISD with 2GHz.  Therefore, more antenna elements can be fit in the same antenna size as antenna spacing is smaller with higher frequency.  In addition, path loss of the channel under 3.5GHz is larger than 2.0GHz.  To keep the same coverage, more MIMO gain is needed.  Thus we propose the largest value of N is 8 in these scenarios i.e.  N = {1, 2, 4, 8} for 3D UMa and 3D UMi 200m ISD with 3.5GHz.
In summary, we have the following proposal on the N values for different scenarios:

Proposal 1:  N={1,2,4} for 3D UMi and 3D UMa with 200m ISD with 2GHz,  

                 N={1,2,4,8} for 3D UMa with 500m ISD with 2GHz, 3D UMi and 3D UMa with 200m ISD with 3.5GHz
2.2 TXRU Models
There are some other TXRU models are mentioned under FFS in [1] besides the agreed TXRU model 1.
2D antenna virtualization
TXRU model 1 only supports antenna virtualization in vertical domain.   2D antenna virtualization (i.e. in both vertical and horizontal) would give more flexibility compared to 1D virtualization. Given a certain number of TXRUs and total number of antenna elements, 2D virtualization enables the eNodeB to define more TXRUs in vertical domain which is beneficial for elevation beamforming and may provide better performance in some specific scenarios.
On the other hand, it should be noted that the 3dB beamwidth of TXRU pattern becomes narrower if antenna virtualization is also done in horizontal domain.  This will bring some issues on coverage and performance of control channel, broadcast channel, synchronous signal and CSI-RS etc.
TXRU association with both pols
Antenna virtualization in the same direction of polarization seems to be a natural assumption. If we define another TXRU model which allows TXRU association with both pols, the degree-of-freedom provided by the uncorrelated property between different pols will be lost.  Meanwhile, we do not see any obvious benefits to define another TXRU model of TXRU association with both pols. 
TXU and RXU are separately modeled
For FDD system, whether TXU and RXU have the same way of virtualization is an implementation issue. However, we would better use the same virtualization definition of TXU and RXU for TDD to ensure channel reciprocity.  It is natural to assume TXU and RXU are modeled in the same way unless any benefit is identified.
2.3 TXRU Virtualization For Model 1
There are two options for antenna virtualization of Model 1.  Option 1 is subarray partition model.  In this option, multiple vertical antenna elements are grouped and virtualized to a TXRU.  Different group is mapped to different TXRU e.g. as shown in figure 1(a)(b).  Option 2 is full connection model.  In this option, all vertical antenna elements in a column are grouped and virtualized to a TXRU with different weights from the another TXRU.
The apparent difference between two options is whether different TXRUs in the same column contain the same elements.  In fact, the essential difference is whether baseband precoding or RF beamforming is the focus.  Without different virtualization precoding, option 1 with less elements per TXRU focuses more on port based baseband precoding to obtain MIMO gain.  On the contrary, option 2 with more elements per TXRU focuses more on RF beamforming with different virtualization weights applied to different TXRUs.
If Option 1 is used for TXRU virtualization, the full MIMO channel can be measured by the UE assuming one to one port-TXRU mapping.  With good CSI feedback design, more MIMO gain can potentially be obtained. For Option 2, pre-defined weighting vectors for TXRUs virtualization are needed.  These weights are not based on UE feedback and are more difficult to adapt in time domain. Therefore, some MIMO gain and flexibility for multiplexing may be lost.  Another issue of Option 2 is the interference between TXRUs which are generated by the same set of elements but using different weighting  vectors  when  eNodeB transmit data to multiple UEs by MU-MIMO at the same time on these TXRUs.  The interference between different RF beams will cause degradation and it becomes more severe if there are more RF beams.  RF beamforming is also hard to adapt to the rich-scattering channel with high frequency selectivity and less spatial channel correlation.  

In our view, Option 2 only can be used for small number of TXRUs and high spatial correlation channel.   Option 1 has high flexibility and is more suitable for different scenarios. 
Proposal 2:  Option 1 i.e. Subarray partition model should be considered in all scenarios with different total number of TXRUs.  Option 2 i.e. Full connection model for TXRU Model 1 should only be used when the total number of TXRUs is small.  
2.4 Adjacent grouping VS Comb-like grouping for subarray partition model

For subarray partition model, there are two grouping methods i.e. Adjacent grouping and Comb-like grouping for TXRUs.    Here we examine the antenna pattern of these two grouping methods with 2 elements or 4 elements per TXRU as shown in figure 1 and 2 respectively.
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     Fig 1(a) adjacent elements grouping (4 elements)     Fig 1(b) comb-like elements grouping (4 elements)  
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       Fig 2(a) adjacent elements grouping (2 elements)     Fig 2(b) comb-like elements grouping (2 elements)  

TXRU pattern

Four elements TXRU beam pattern for adjacent grouping and Comb-like grouping with DFT weighting vector are plotted in figure 3 and two elements TXRU beam pattern for adjacent grouping and Comb-like grouping are plotted in figure 4 respectively.
Adjacent antenna element distance in the same group is small, e.g., 0.8λ while the antenna element distance of  Comb-like grouping is large e.g., 1.6λ, 3.2λ.  Therefore, the main lobe beamwidth of the latter case is narrower. Also note that there are many undesirable sidelobes in Fig 3(b) and Fig 4(b).   From Fig 3(a) and Fig4(a), adjacent grouping can provide more absorbing TXRU beam pattern with less sidelobes.
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Fig 3(a) TXRU beam pattern for Fig 1(a)                   Fig 3(b)   TXRU beam pattern for Fig 1(b)
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Fig 4(a) TXRU beam pattern for Fig 2(a)                  Fig 4(b)   TXRU beam pattern for Fig 2(b)

PDSCH beam pattern
The PDSCH beam pattern is based on TXRU beam pattern and DFT weighting vector for TXRUs in a column are plotted for these two grouping methods respectively. From these figures, we don’t see any obvious performance difference between these two methods.
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Fig 5(a) PDSCH beam pattern for Fig 1(a)              Fig 5(b)   PDSCH beam pattern for Fig 1(b)
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Fig 6(a) PDSCH beam pattern for Fig 2(a)             Fig 6(b)   PDSCH beam pattern for Fig 2(b)
With the above analysis, we have the following proposal on the antenna element grouping: 

Proposal 3:  Use adjacent grouping method for the subarray partition model of TXRU virtualization
3. Conclusion
In this contribution, we discuss antenna modeling in different perspectives including the number of horizontal antenna elements N, TXRU antenna virtualization and antenna element grouping methods.  Based on our analysis, we have the following proposals:
Proposal 1:  N={1,2,4} for 3D UMi and 3D UMa with 200m ISD with 2GHz,  

                 N={1,2,4,8} for 3D UMa with 500m ISD with 2GHz, 3D UMi and 3D UMa with 200m ISD with 3.5GHz
Proposal 2:  Option 1 i.e. Subarray partition model should be considered in all scenarios with different total number of TXRUs.  Option 2 i.e. Full connection model for TXRU Model 1 should only be used when the total number of TXRUs is small.  
Proposal 3:  Use adjacent grouping method for the subarray partition model of TXRU virtualization
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5. Appendix  A
	Value of N
	Carrier Frequency
	Antenna spacing 
	Antenna Size in horizontal

	4
	2.0GHz
	0.5λ
	~22.5cm

	8
	2.0GHz
	0.5λ
	~52.5cm

	4
	2.3GHz
	0.5λ
	~19.5cm

	8
	2.3GHz
	0.5λ
	~45.5cm

	4
	2.6GHz
	0.5λ
	~17.3cm

	8
	2.6GHz
	0.5λ
	~40.4cm

	4
	3.5GHz
	0.5λ
	~12.9cm

	8
	3.5GHz
	0.5λ
	~30cm


                                                        Table 1 Antenna Size in horizontal 
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