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Introduction
In the agreed WF [1] in RAN1#84b and in the subsequent e-mail discussion [84b-13], evaluation parameters have been agreed for the TRP. The relevant agreements are summarized below. 
Number of antenna elements:
· 700MHz: Up to 64 Tx /Rx antenna elements 
· 4GHz: Up to 256 Tx /Rx antenna elements 
· 30GHz: Up to 256 Tx /Rx antenna elements; 
· [84b-13 agreement] Continue discussion whether to increase the number of antenna elements.
· 70GHz: Up to 256 Tx /Rx antenna elements
· [84b-13 agreement] Up to 1024 Tx /Rx antenna elements

TRP antenna panel model 1:


[bookmark: _Ref446504280]Figure 1 URPA (uniform rectangular panel array) antenna model
As shown in Figure 1, URPA comprises multiple (Mg∙Ng) antenna panels, on each of which, uniform rectangular array is placed, which comprises multiple antenna elements with (M, N, P) and (dH, dV) as defined in [2]. 

3-sector TRP antenna radiation pattern:
Table 1. 3-sector TRP antenna radiation pattern
	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
	9 dBi



TRP Tx power:
· For 100 MHz BW @ 30 GHz
· Indoor: 23 dBm, Dense-urban: Macro [40] dBm / Micro 35 dBm, UMa: 43 dBm
· For 100 MHz BW @ 70 GHz
· Indoor: 23 dBm

TRP noise figure:
· 7 dB for the above 6GHz

This contribution analyzes what remaining details need to be filled out and what clarifications need to be made on top of the current agreements, and presents Samsung’s views on these details and clarifications. 
Impacts of the agreed maximum number of antenna elements
The agreements re-captured in Section 1 specify the maximum numbers of antenna elements for the carrier frequencies of interest, and also the URPA model (Figure 1). However, the antenna configurations for RAN1 NR MIMO evaluations have not yet specified. In contrast to the LTE FD-MIMO study, for which the uniform rectangular array (URAs) configurations specified by certain combinations of (M, N, P) and (dH, dV) are considered, for the NR study based on Figure 1, four more parameters, i.e., (Mg∙Ng) and (dg,H, dg,V) need to be determined. However, as Figure 1 is a generalized extension of FD-MIMO URA, a simple analysis with regards to the impacts of the maximum number of antennas can be performed with setting Mg = Ng = 1. 

Table 1. Aperture size and (El, Az) beamwidth as a function of the carrier frequency
	Carrier frequency
	Max # of TRP elements
	Wavelength (λ)
	(M, N, P) with
(dH, dV) = (0.5, 0.8)λ
Mg = Ng = 1
	Panel (or aperture) size
	(El, Az) 
Minimum beamwidth

	700 MHz
	64
	43 cm
	(8, 4, 2)
	(2.7m, 0.85m)
	~ (10°, 20°)

	4 GHz
	256
	7.5 cm
	(16, 8, 2)
	(96cm, 30cm)
	~ (5°, 10°)

	30 GHz
	256
	1 cm
	(16, 8, 2)
	(13cm, 4.0cm) 
	~ (5°, 10°)

	70 GHz
	1024
	0.43 cm
	(32, 16, 2)
	(11cm, 3.4cm)
	~ (3°, 5°)



The aperture size and minimum beam widths of the antenna panels are determined dependent on the 2D placement of the antenna elements, and the carrier frequencies. Table 1 shows example constructions of 2D URPA (or URA) with (dH, dV) = (0.5, 0.8)λ and Mg = Ng = 1, to help understanding the minimum aperture sizes and beamwidths in elevation and azimuth domains. The examples in Table 1 are constructed by scaling the number of 2D antenna elements in a well-investigated FD-MIMO configuration, i.e., (M,N,P) = (8,4,2) by 2x and 4x in both horizontal and vertical dimensions. 
With the agreed maximum # of TRP elements, the panel (or aperture) sizes at 700MHz and 4GHz can be regarded a bit larger than the conventional antenna panel size. More study seems to be necessary if the deployment with such large antenna panels is practically feasible at those carrier frequencies. On the contrary, the panel sizes at 30 GHz and 70 GHz are small, at about 10 cm x 5 cm in vertical and horizontal dimensions. There does not seem to be practical concerns to deploy such small antenna panels. Even when URPA is deployed with wider horizontal/vertical gaps, it is not likely there will be concerns on antenna size, as the size of the panels is likely to be much smaller than those used for 4GHz. 
On the other hand, the minimum (El, Az) beam widths obtained at 700 GHz are about (10°, 20°), the performance and system design with which has been well investigated in FD-MIMO. With further increasing number of elements for 4, 30 and 70 GHz, the beam widths will get reduced in both azimuth and elevation dimensions. The impacts of the narrower beamwidth in terms of performance and system design needs to be further investigated. 
Other ways of constructing 2D URPA with the given max # of TRP elements may also be possible; in one extreme case all the TRP elements are placed on a line, i.e., 1-D antenna placement. However, these constructions make the URPA long in one dimension, and the practical feasibility and potential deployment constraints for these constructions need to be further studied. 
Based on the discussion in this section, the following is proposed.

Proposal:
· For 4 GHz and 700 MHz, discuss further whether the panels with sizes shown in Table 1 constructed with the maximum number of antenna elements in the agreement can be deployed in practice. 
Antenna elements to TXRU mapping for NR Evaluations
Similarly to the FD-MIMO, for evaluations of NR MIMO schemes, antenna elements to TXRU mapping need to be firstly discussed. A companion contribution [3] discusses challenges of providing basic coverage for systems operating at the carrier frequencies around 30 GHz and 70 GHz, and proposes to allow time variability of TXRU virtualization weights, as well as some examples of TXRU to element mapping. 


Figure 2 A URPA with 2x2 panels, each of which is (M,N,P) = (8,4,2) URA
One problem occurring when implementing above-6GHz front-end is routing loss. This occurs because antenna size is small but the other components, e.g., digital chain, PA, etc., are not so small. One design option to reduce the routing loss is to employ the multi-panel based architecture. Figure 2 shows a such an example, in which a URPA with 2x2 panels is constructed, and each panel has (8,4,2) URA. The total number of antenna elements in Figure 2 is 64x4 = 256, which corresponds to the agreed maximum number of elements at 4 and 30 GHz. As the (8,4,2) URA has been well understood in FD-MIMO evaluations, it is proposed to take the (8,4,2) URA shown in Figure 2 as a panel in URPA for NR evaluations. If the panels are side-by-side, the panel spacing becomes: (dg,H,dg,V) = (2.0, 6.4)λ. To reflect the practical implementation aspects, our proposal is to start from 2x of these spacing and further discuss other possibilities: (dg,H,dg,V) = ([4.0], [12.8])λ. 
On the other hand, for the TXRU mapping, to understand the performance with beam sweeping [3], it is proposed to consider both analog and hybrid beamforming for the evaluations. For the analog beamforming, a single TXRU is mapped to a panel per polarization. For the hybrid beamforming, 2x2 subarray partition is employed for a panel per polarization, in which a subarray is composed of (4,2) consecutive antenna elements in horizontal and vertical domains mapping to a single TXRU. A simple way to construct a set of virtualization weights for the beam sweeping would be to use the Kronecker products of two oversampled DFT vectors, with O1 and O2 oversampling factors for the two dimensions. However, this approach may result in steering/panning the beams in the non-useful directions. To prevent this from happening, the beam scanning range in each dimension may need to be restricted. As this meeting is the first time to discuss possibility of beam sweeping, our proposal is to let companies evaluate different possibilities, rather than asking for a common set of virtualization vectors for the beam sweeping. 
[bookmark: _Toc426289536]Conclusion
The proposals made in this contribution are summarized below.
Proposal: For 4 GHz and 700 MHz,
· Discuss further whether the panels with sizes shown in Table 1 constructed with the maximum number of antenna elements in the agreement can be deployed in practice. 

Proposal: For 30 and 70 GHz,
· Evaluate at least an antenna configuration illustrate in Figure 2:
· (M,N,P) = (8,4,2); (dH,dV) = (0.5, 0.8)λ and (Mg, Ng) = (2,2);
· (dg,H,dg,V) = ([4.0], [12.8]) λ
· Evaluate at least two TXRU-to-element-mapping options:
· Option 1 (Analog BF): a single TXRU is mapped per panel per polarization.
· Option 2 (Hybrid BF): 2x2 subarray partition is employed per panel per polarization. 
· In this case, a subarray that maps to a single TXRU is composed of (4,2) consecutive antenna elements in horizontal and vertical domains.
· Evaluate beam sweeping:
· A set of virtualization weights for the beam sweeping is constructed by the Kroneker products of two oversampled DFT vectors, with O1 and O2 oversampling factors for the two dimensions.
· [bookmark: _GoBack]Companies can decide and specify O1, O2 and also beam scanning range reduction along with their results.
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