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Introduction
The antenna modeling for 5G New Radio (NR) study has been discussed in RAN1#84bis and RAN1#85. It was agreed that the panel antenna array structure is to be studied in NR [1] and agreements of TRP/UE antenna modeling have been achieved [2]. There is a great probability that MIMO systems are combined by multi-panel structure in NR especially for high frequency band. So the impact on MIMO transmission of the multi-panel structure should be investigated.
In addition, there are still some remaining modeling issues, including the following aspects:
· BS antenna array structure for some outdoor scenario and indoor hotspot
· UE antenna array structure
· BS antenna element pattern selection for indoor TRP and macro and micro TRP
In this contribution, we investigate the potential structure for NR MIMO systems, impact on MIMO transmission for panel antenna structure from the aspects of QCL assumptions and codebook design and present our views and proposals for the remaining issues in antenna modeling.
Potential Antenna Structure for NR MIMO Systems
Antenna in package (AIP) is a promising integration solution for antennas in NR due to its easy implementation and low cost, especially for high frequency band. Specifically, a TRP may consist of more than one antenna panels, where multiple RFICs are integrated in each antenna panel. Through the AIP technique, one RFIC may have multiple antenna elements, e.g., 8, 16 and so on. Generally, as antenna elements of same polarization in one panel are equally spaced in the vertical dimension or horizontal dimension, there are two potential antenna structures in an array with respect to the space between two adjacent antenna elements from different antenna panels. 
1) “Uniform panel array”: The antenna elements of same polarization are uniformly distributed across the whole panel array in one dimension such that the space between two adjacent antenna elements from different antenna panels is the same as the space between antenna elements in the same panel, as shown in Figure1 (a) where dH=dedge,H and dV=dedge,V.
2) “Non-uniform panel array”: The antenna elements of same polarization are non-uniformly distributed in terms of multiple panels in one dimension such that the space between two adjacent antennas from different panels is larger than the space between antenna antennas in the same panel, as shown in Figure 1(b) where dH<dedge,H and dV<dedge,V.


Figure 1 Potential antenna structure for NR MIMO systems
For the uniform antenna structure, coherent MIMO transmission techniques can be easily implemented. From Release 8 to Release 13 of LTE, almost all the MIMO transmission techniques are related to coherent transmission except transmission diversity. Moreover, the codebook in LTE/LTE-A is designed for the antenna array with uniformly spaced antenna elements in one polarization. 
For the non-uniform antenna structure, the aperture of MIMO system can be enlarged with the same number of antenna elements compared to uniform structure. Therefore, in NR MIMO systems, separating antenna panels in a proper distance could be considered and the performance gain might be achieved with the reduction of correlations between antennas. In addition, this type of structure provides a flexible way for dynamically increasing the number of panels according to the requirement, especially when the panel edge has a larger space than the distance between two adjacent antenna elements within the panel. 
Considering the above aspects, both uniform and non-uniform panel array need to be studied.
Proposal 1: MIMO transmission design in NR should support flexible antenna structures including both the uniform and non-uniform panel array antenna.
Antenna Structure Impact on MIMO Transmission
It can be assumed that TXRUs within an antenna panel will use the same local oscillator and are ideally synchronized. Hence different antenna elements in the same panel do not drift in phase relative to each other. However, among different panels, there may be a constant relative phase or a time-varying relative phase due to the different PLL/ADC or independent local oscillators of each panel. It differs from traditional MIMO system with ideal synchronization assumptions among all the TXRUs. In this section, we give some brief analysis of the influence of multi-panel antenna structure on the MIMO transmission.
QCL assumptions and transmission mechanisms 
QCL assumption might no longer hold if different antenna ports are virtualized from different antenna panels and the antenna ports from different panel are beamformed with steering to different directions. This is because different beam steering will result in different average channel gain for a given direction of arrival / departure, and different beam steering may suffer from different reflection and refraction which result in different average channel delay, due to different beam pattern would have different amplitude on the multi-path at given direction of arrival / departure. Moreover, the frequency offset of different antenna ports may be different when there is a time-varying relative phase between different antenna panels.
As the QCL assumption among antenna ports no longer holds, MIMO transmission mechanisms with less QCL constraints should be designed in NR. Non-coherent MIMO transmission with different data streams coming from parts of the antenna elements (e.g., from different antenna panels) is one way that supports multiple QCL antenna ports working simultaneously.
Proposal 2: Different ports may not be assumed QCL even for the same TRP and NR should support non-coherent MIMO transmission.
Codebook considerations on multi-panel structure MIMO
The antenna spacing is not uniform for the multi-panel structure, since antenna spacing between panels is different from antenna spacing within a panel. Thus legacy codebook designed based on ULA/UPA (Uniform Linear Array/Uniform Planer Array) in LTE/LTE-A is not suitable, which may cause beam distortion and beam gain reduction.
Moreover, if antenna panels are placed at different positions, it is difficult to use one single beam to point to UE. Codebook design based on multi-beam transmission may be considered.
Proposal 3: Codebook considering multi-panel antenna structure should be studied in NR.
Remaining issues on antenna modeling
Besides the above issues, there are still remaining issues on antenna modeling that need to be addressed for NR evaluation. This section discusses this part.
[bookmark: _Ref129681832]Antenna array structure
During 3GPP RAN1#85, antenna array structure for some of the deployment scenarios and frequency band is discussed. Antenna array structure has the following aspects:
· (M, N, P, Mg, Ng):  where M is the number of vertical antenna elements in one panel in one polarization, N is the number of horizontal antenna elements in one panel in one polarization, P is the number of polarization, and Mg and Ng are the number of panels in vertical and horizontal domain respectively.
· Panel spacing, (dg,H, dg,V): where dg,H and dg,V are the panel spacing at horizontal and vertical domain respectively (from panel center to panel center).
· Antenna element spacing (dH, dV): where dH and dV are the inter-element spacing on horizontal and vertical domain respectively.
However, there are some remaining issues for some frequency bands and scenarios, which are summarized as follows:
· For BS side:
· (M, N, P, Mg, Ng), (dg,H, dg,V), and (dH, dV) is not defined for 4 GHz, 30 GHz, and 70 GHz for indoor deployment scenario.
· For UE side:
· For 70GHz, (M, N, P) needs to be further discussed for 2/4 panel case.
· Inter-panel distance needs to be defined for 30GHz and 70GHz.
In the following subsections, the above issues are discussed.
BS antenna array structure
(M, N, P, Mg, Ng) for indoor deployment scenario
It is proposed that antenna structure of 4GHz, 30GHz and 70GHz for indoor deployment can reuse the antenna configuration for BS in outdoor scenarios (see [2]). Specifically, it is proposed to adopt parameters in Table 1 for indoor BS. 
[bookmark: _Ref457748937][bookmark: _Ref457752629]Table 1 Proposed antenna structure for indoor BS
	
	4GHz 
	30GHz
	70GHz

	(M, N, P, Mg, Ng)
	Baseline: (8,8,2,1,1)
	Baseline: (4,8,2,2,2)
	Baseline: (8,16,2,2,2)

	Inter-element spacing (dH,dV)
	(0.5, 0.8)λ
	Baseline: (0.5, 0.5)λ
	Baseline: (0.5, 0.5)λ

	Panel spacing ( dg,H, dg,V)
	-
	Baseline: (4.0, 2.0)λ
Option: (8,4) λ
	Baseline: (8.0, 4.0)λ
Option: (16,8) λ



Proposal 4: Antenna structure shown in Table 1 is proposed to be adopted for 4GHz, 30GHz and 70GHz for indoor BS.
UE antenna array structure
(M, N, P) for 70GHz 
It is agreed that maximum 64 antenna elements can be assumed for 70GHz UE. In this case, it is proposed to use the following configurations (for 4 panel cases, it re-employs the 16-element per panel configuration for 30 GHz UE in [2]).
Proposal 5: For 70GHz UE, the following configurations are used in NR evaluation
· For 4 panel case:
· (M, N, P, Mg, Ng) = (2, 4, 2, 1, 4), the polarization angles are 0 and 90deg
· (M, N, P, Mg, Ng) = (4, 4, 1, 1, 4), the polarization angle for even panel is 0 and for odd panel is 90deg
· For 2 panel case:
· (M, N, P, Mg, Ng) = (4, 4, 2, 1, 2), the polarization angles are 0 and 90deg
· (M, N, P, Mg, Ng) = (4, 8, 1, 1, 2), the polarization angle for even panel is 0 and for odd panel is 90deg
Inter-panel distance
For high frequency evaluation, the multi-panel antenna structure will be used in UE side [2], as shown in Figure 2. In this case, the inter-panel distance needs to be defined.  


[bookmark: _Ref457398651]Figure 2 Multi-panel antenna structure in UE side
It is proposed to define inter-panel distance as the distance between two parallel panels as shown in Figure 2. 
The value of inter-panel distance is proposed in Table 2.
[bookmark: _Ref457752596]Table 2 Proposed inter-panel distance for UE on 30 GHz and 70 GHz
	Number of panels
	Value of dg,p

	2-panel
	6.0λ

	4-panel
	6.0λ


Proposal 6: Define inter-panel distance as the distance between two parallel panels as in Figure 2. The inter-panel distance of 6.0λcan be used in NR study.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]BS antenna element pattern
The BS antenna element pattern for Indoor TRP, Macro TRP and Micro TRP needs to be clarified. This is discussed in this section.
Indoor TRP
For indoor TRP, there are several options (see [3]). It is proposed to consider the options shown in Table 3.
[bookmark: _Ref457756076]Table 3 Options of indoor BS antenna element pattern
Option 1: Horizontal Omni-directional antenna
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	


	Antenna element horizontal radiation pattern (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	5 dBi


Option 2: Broadened antenna
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	


	Antenna element horizontal radiation pattern (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	4 dBi

	Antenna orientation
	Towards floor



Macro TRP and micro TRP
BS antenna element pattern was discussed in RAN1#85 (see, e.g., [4]), and some agreements are made. Remaining issues are the selection of antenna element patterns for micro and macro TRP. 
It is noted that three options are provided, as shown in Table 4. The following proposals are made.
Proposal 7: The antenna element pattern for Indoor TRP, Macro TRP and Micro TRP are proposed as follows:
· For Indoor TRP: horizontal Omni-directional antenna (Option 1 in Table 3) and  broadened pattern (Option 2 in Table 3) can be used
· For Micro TRP: horizontal Omni-directional antenna (Option 1 in Table 4), 3-sector antenna (Option 2 in Table 4), and broadened pattern (Option 3 in Table 4) can be used
· For Macro TRP: 3-sector antenna (Option 2 in Table 4) can be used.



[bookmark: _Ref457756221][bookmark: _Ref457756102]Table 4 Options for macro and micro BS antenna element pattern
Option 1: Horizontal Omni-directional antenna
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	


	Antenna element horizontal radiation pattern (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	4 dBi


Option 2: 3-sector antenna
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	


	Antenna element horizontal radiation pattern (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	8 dBi


Option 3: Broadened antenna
	Parameter
	Values

	Antenna element vertical radiation pattern (dB)
	


	Antenna element horizontal radiation pattern (dB)
	


	Combining method for 3D antenna element pattern (dB)
	


	Maximum directional gain of an antenna element GE,max
	4 dBi



Conclusion
In this contribution, we presented some considerations for the impact from the panel-like antenna structure on MIMO transmission and the remaining issues of antenna modeling.
We have the following proposals:
Proposal 1: MIMO transmission design in NR should support flexible antenna structures including both uniform and non-uniform panel array antenna.
Proposal 2: Different ports may not be assumed QCL even for the same TRP and NR should support non-coherent MIMO transmission.
Proposal 3: Codebook considering multi-panel antenna structure should be studied in NR.
Proposal 4: Antenna structure shown in Table 1 is proposed to be adopted for 4GHz, 30GHz and 70GHz for indoor BS.
Proposal 5: For 70GHz UE, the following configurations can be used in NR study
· For 4 panel case:
·  (M, N, P, Mg, Ng) = (2, 4, 2, 1, 4), the polarization angles are 0 and 90deg
· (M, N, P, Mg, Ng) = (4, 4, 1, 1, 4), the polarization angle for even panel is 0 and for odd panel is 90deg
· For 2 panel case:
· (M, N, P, Mg, Ng) = (4, 4, 2, 1, 2), the polarization angles are 0 and 90deg
· (M, N, P, Mg, Ng) = (4, 8, 1, 1, 2), the polarization angle for even panel is 0 and for odd panel is 90deg
Proposal 6: Define inter-panel distance as the distance between two parallel panels as in Figure 2. The inter-panel distance of 6.0λcan be used in NR study.
Proposal 7: The antenna element pattern for Indoor TRP, Macro TRP and Micro TRP are proposed as follows:
· For Indoor TRP: horizontal Omni-directional antenna (Option 1 in Table 3) and  broadened pattern (Option 2 in Table 3) can be used
· For Micro TRP: horizontal Omni-directional antenna (Option 1 in Table 4), 3-sector antenna (Option 2 in Table 4), and broadened pattern (Option 3 in Table 4) can be used
· For Macro TRP: 3-sector antenna (Option 2 in Table 4) can be used.
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