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Introduction
At the RAN #71 meeting, a new work item [1] of Study on New Radio (NR) Access Technology was approved, which targets at investigating the non-backward-compatible radio technologies that can fulfill the requirement for the next generation cellular system. From physical layer perspective, technologies, e.g., numerology, waveform, frame structure, channel coding, multiple access and multi-antenna technology shall be intensively studied. Each of the technologies shall be thoroughly evaluated to identify the most promising schemes that shall be supported by the following-up standardization specifications. MIMO is regarded as one of the most important building blocks of the NR. On one hand, MIMO technologies developed in the LTE system can be further evolved to provide more robust radio link and/or boosting the spectrum efficiency by multiplexing more data streams and more users simultaneously. On the other hand, systems deployed in high frequency bands may rely on beamforming to provide sufficient coverage. Therefore it can be foreseen that MIMO related evaluations will be important and time-consuming. In this contribution, we discuss suitable MIMO evaluation methodologies.
Large Antenna Array Models
Antenna array modeling is the key component for MIMO evaluation. A unified antenna array structure model, as illustrated in Figure 1, has been firstly introduced in [2], during the >6GHz channel model study. New antenna array is formed by 2D uniformly placed sub-panels with Mg rows and Ng columns. Distance between two adjacent sub-panels is dg,V and dg,H in vertical and horizontal dimensions, respectively. Each sub-panel is formed by uniformly placed cross-polarized antenna elements with M rows and N columns. Distance between two adjacent co-polarized antenna elements is dV and dH in vertical and horizontal dimensions respectively. Based on this model, a variety of antenna array structures can be derived. For example, the antenna array used for the study of elevation beamforming and FD-MIMO in Rel. 13 [3] can be modeled by setting Mg = Ng =1.


Figure 1: Antenna array modelling of [2].
Concerning the antenna array modeling, more details were discussed during the RAN1 #84bis meeting [4] and followed by email discussion in [5]. Multiple agreements were reached w.r.t. the antenna element number across panels, antenna panel numbers, antenna radiation pattern, for the BS and UE. 
One open issue is the TXRU virtualization. During the study item of elevation beamforming and FD-MIMO in Rel. 13 [3], several typical TXRU virtualization schemes, e.g., sub-array partitioning based and full-connection based were discussed. During the Rel. 13 study, static TXRU to antenna element mapping is commonly assumed. For the NR MIMO evaluation, considering the necessity of introducing analog beamforming [6] for high frequency band, non-static TXRU to antenna element mapping shall be considered. Major motivation of introducing the analog beamforming structure is for compensating the larger pathloss seen in the high frequency bands, without introducing excessive hardware cost and high complexity processing in the digital beamforming. Static TXRU virtualization or analog beamforming towards a specific direction can provide sufficient coverage in one direction, but generate coverage holes in other directions. Changing the TXRU virtualization or analog beamforming directions adaptively is necessary to provide a full coverage of targeted UEs. In that sense, RAN1 shall carefully study and evaluate the non-static TXRU virtualization schemes, including feasible analog beamforming adaptation interval, TXRU virtualization scheme (i.e., sub-array vs. full connection), TXRU number and/or antenna element number per TXRU.
Proposal 1: RAN1 shall study analog beamforming and hybrid digital and analog beamforming by assuming dynamic analog beam control.
Another discussion point is created by introducing new antenna radiation pattern at the UE side. Throughout the LTE MIMO discussion, it is always assumed an omnidirectional antenna radiation pattern at the UE side. At high frequency bands, UEs are supposed to be equipped with directional antenna array(s). A UE antenna radiation pattern model is introduced in [5] and the UE antenna array structure can be developed based on the same model presented in Figure 1. UE antenna array orientation may impact the received signal quality and direction of the coverage at UE side. Therefore, it is important that UE antenna placement and configuration can support omnidirectional coverage. UE antenna array shall be modeled with slant angle in 3D domain. 
Proposal 2: Proper UE antenna modelling should be conducted considering realistic size, implementation and coverage. 
With very large antenna arrays, e.g., up to 1024 BS antenna elements and up to 32 UE antenna elements in some cases, and with a lot of additional random variables in the system, e.g., UE antenna array orientation, it is foreseen that even for a single system level evaluation, the computational complexity will be very high. Similar situation is faced during the discussion of other NR evaluations. For example, to simplify the numerology evaluation, people consider evaluating a relatively smaller bandwidth, and scaling the results to reflect the performance achievable by realistic system bandwidth. If it turns out that the evaluation complexity of large antenna array in some cases is infeasible, simplifications can be considered. For example, instead of modeling all details of each antenna element, it may be possible to model the equivalent radiation pattern of a TXRU, or a group of antenna elements. In that sense, the direction of the beam shall be allowed to be varied during the simulation, in order to allow the evaluation of analog beamforming.
Channel and Scenario Models
In order to support the evaluation of NR technologies in high frequency band, a new channel model study item [7], i.e., was established in RAN1. The scope of this study item is not only for specifying channel models for >6GHz frequency bands, but also developing new features that are critical in NR evaluations. Several MIMO related issues are addressed in the new channel model and are expected to be used in NR MIMO related evaluations. For a very large antenna array, the typical assumption of plane wave may not be valid anymore, a new model, specified in Section 7.6.2 of [8] can be used instead. For NR evaluation, the channel shall also be modeling to be spatially consistent, i.e., UEs that are located close to each other shall have similar channel characteristics. This is an important feature to ensure realistic results on MU-MIMO performance evaluation. In Section 7.6.3, spatial consistency model and the correlation distance parameters are given. At the high frequency band, measurement results [9] show that channel blockages, causes by static or moving objects may cause large impact to the channel quality. This effect is also important to be reflected for some MIMO evaluations. Relevant model is captured in Section 7.6.4. As these additional channel model features are important for MIMO evaluations, details shall be provided along evaluation results.
Proposal 3: Companies shall provide information whether/how additional features in channel models are applied in their NR MIMO evaluations.
During the latest RAN discussion of Study on Scenarios and Requirements for Next Generation Access Technologies [4], several typical NR deployment scenarios, e.g., indoor hotspot, dense urban, urban macro were defined. Channel models for supporting the evaluation of these scenarios were developed in [7]. During the first NR meeting, i.e., RAN1# 84bis, details of each scenario, e.g., BS and UE distribution, inter-site distance, carrier frequency, antenna parameters were further discussed and agreed. Based on the existing deployment scenario assumptions, and the antenna array models, RAN 1 shall be able to evaluate large antenna array deployment parameters. For the indoor scenario, a three-sector indoor antenna array deployment model is used in in the channel model study item [7]. However, this model is only developed for the channel model calibration purpose. RAN 1 shall still study the optimal deployment of the BS antenna array at least among the following candidates:
· Antenna array mounted on the ceiling with single sector or multiple sectors;
· Antenna array mounted on the wall.
If multi-sector deployment is decided, then the optimal sector number and array orientation (in 3D) shall be decided.
Proposal 4: RAN1 shall further study the antenna array placement and beam pattern for indoor scenario.


Figure 2: Indoor antenna array deployment model used in [7].
Another most important scenario is the dense urban scenario especially with a two-layer heterogeneous network scenario. The macro layer assumes a hexagonal cell layout; and the micro layer assumes random dropping of the micro BS within the macro sectors. Note that omni-directional antenna patterns are typically assumed for the micro-layer or the small-cell-layer during the LTE study. However, NR MIMO may focus more on the panel antenna deployment, especially for high frequency band. In this case, RAN1 shall carefully study the appropriate panel antenna deployment models. As discussed during the EB/FD-MIMO SI [7][10], it is not always feasible to consider the deployment of multi-sector micro BSs, in that sense, the antenna panel dropping schemes, adopted in Section A.2 of [7], can be considered for the micro layer dropping in the dense urban scenario.
Proposal 5: For the micro-layer antenna dropping in the dense urban scenario, consider to reuse the model described in Section A.2 of TR 36.897.
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It is analyzed in [11] that the channel characteristics in high frequency band can be very different from that in low frequency band. Therefore, NR MIMO study can be divided into two major categories, depending on the carrier frequency band. For low frequency band, NR MIMO can be developed by extending LTE MIMO technologies, whereas for high frequency band, the study shall firstly focus on the coverage issues. 
When studying the coverage issues for high frequency band, multiple types of evaluations are needed. As a first step, some trivial calculation based on link budget, coupling loss statistics, SINR distribution can already give some insights. Link level evaluation may be needed to verify the performance of KPIs, e.g., synchronization signal detection probability, detection latency, common channel decoding error probability, etc. Eventually, the effectiveness of the coverage can be reflected by system level evaluation of e.g., 5% user spectrum efficiency and area traffic capacity.
For both high frequency band and low frequency band, application of large antenna array is targeted at providing data rate enhancement. To verify the effectiveness, system level evaluation of peak data rate, peak spectrum efficiency, and area traffic capacity will be necessary.
For low frequency band, due to the scarce spectrum resource, it is also more important to enhance the spectrum efficiency by exploiting spatial diversity and/or spatial multiplexing. To verify the effectiveness, link level and/or system level evaluation of peak spectrum efficiency, cell/TP/TRP spectrum efficiency shall be necessary.
Proposal 6: RAN1 shall discuss the evaluation methodology and simulation assumption considering different requirements for low and high frequencies.
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In this contribution we discussed several key issues related to the NR MIMO evaluation. Based on the discussion, we make the following proposals.
Proposal 1: RAN1 shall study analog beamforming and hybrid digital and analog beamforming by assuming dynamic analog beam control.
Proposal 2: Proper UE antenna modelling should be conducted considering realistic size, implementation and coverage. 
Proposal 3: Companies shall provide information whether/how additional features in channel models are applied in their NR MIMO evaluations.
Proposal 4: RAN1 shall further study the antenna array placement and beam pattern for indoor scenario.
Proposal 5: For the micro-layer antenna dropping in the dense urban scenario, consider to reuse the model described in Section A.2 of TR 36.897.
Proposal 6: RAN1 shall discuss the evaluation methodology and simulation assumption considering different requirements for low and high frequencies.
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