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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. In order to provide high data rate transmission, on one hand, technologies are developed to further enhance the spectrum utilization efficiency; on the other hand, utilizing new frequency bands, especially using the rich spectrum in high frequency bands is taken into account. In both cases, technologies exploiting larger antenna arrays are considered to be promising. At the low frequency bands, larger antenna arrays can be used for boosting the capacity, by exploiting the spatial diversity and/or high order spatial multiplexing. For that purpose, technologies can be developed based on the existing LTE specifications, especially the recent Rel. 13 EB/FD-MIMO [2] and the Rel. 14 eFD-MIMO technologies [3]. At the high frequency band, one critical issue is to solve the coverage problem. This may impact not only the data transmission rate, but also the establishment of reliable radio link, e.g., cell acquisition, transmission point discovery. The latter issue is obviously more critical. In this contribution, we discuss multi antenna transmission schemes which may resolve the coverage issues.
High Frequency Band Channel Characteristics
In order to fully understand the high frequency band channel characteristics and establish a comprehensive model for NR performance evaluation, a channel model study item [4], i.e., study item on channel model for frequency spectrum above 6 GHz was established at the RAN #69 meeting and related RAN1 development work started from the RAN1 #84 meeting. Until now, several findings, based on channel measurements, have confirmed that channel characteristics at high frequency band are quite different from that at low frequency band. First of all, when frequency increases, the path loss will increase accordingly, assuming the same antenna aperture, relative to the wavelength. The penetration loss, caused by radio propagation from outdoor to indoor, will also increase at higher frequency bands. Some reference channel model calibration results, obtained from the ongoing email discussion of large scale channel calibration [5], are shown in Figure 1 for the CDF of coupling loss, geometry (SINR) and geometry (SIR).
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Figure 1: Channel characteristics at 6 GHz and 30 GHz (UMi scenario, 80% indoor UEs)
It is observed that there is a big gap between the coupling loss values at different frequency bands. By comparing the SIR and SINR distributions, it can be seen that both 6 GHz and 30 GHz cases are noise limited. It is noted that in the evaluation assumption for this UMi scenario calibration, ISD of 200m is considered. In addition, all BS are placed outdoor but 80% of the UEs are placed indoor. Most of the UEs will suffer large penetration loss. Based on these results, the following observations can be made.
Observation 1: In the given UMi calibration scenario in [6], increasing the carrier frequency from 6 GHz to 30 GHz causes around 20 dB increase at 50% coupling loss and around 20 dB loss at 50% SINR.
In order to further investigate the issue of propagation loss, we modified the evaluation assumption such that UEs are 100% outdoor distributed. CDF curves of coupling loss, geometry (SINR) and geometry (SIR) are shown in Figure 2.
[image: ]
[image: ] [image: ]
Figure 2: Channel characteristics at 6 GHz and 30 GHz (UMi scenario, 100% outdoor UEs)
It can be observed that when only outdoor UEs are considered, the coupling loss and SINR distributions are greatly improved, for both 6 GHz and 30 GHz. It is also observed that the gap between the two coupling loss curves is still very large, e.g., around 15 dB at 50% coupling loss. Based on the above observations, we propose the following. 
Proposal 1: RAN1 shall study the feasibility of providing indoor coverage using outdoor BS at high frequency bands.
Proposal 2: RAN1 shall study how to compensate the large propagation loss caused by increasing the carrier frequency.
Another observation from the above 6GHz channel model study item is that at the high frequency band, the channel will be affected by the blockage effect, caused by moving or static objects. Some measurement results are shown in Figure 3 wherein detailed settings of the measurement are given in [7].
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Figure 3: Measurement results of blockage effects.
It can be clearly seen that blockage causes large shadowing loss, which may greatly impact the channel quality of a radio link. Based on the measurement result, the following proposal is made. 
Proposal 3: It is necessary to study robust transmission schemes to overcome to blockage effects at high frequency bands.
Multi Antenna Transmission of Synchronization/Reference Signals
For cell acquisition and transmission point discovery, the UE shall detect synchronization signals or reference signals in other forms. As discussed in the previous section, one challenge faced by the NR system is the coverage issue, due to the large propagation loss and the blockage effect of the channels at higher frequency bands. For a TP with a large antenna array, the reference signals can be transmitted by using either a wide beam or a narrow beam. Due to the limited transmission power, if the reference signals are transmitted in a wide beam, it cannot fully achieve the beamforming gain, and therefore the coverage in distance will be limited; whereas if the reference signals are transmitted in a single narrow beam, it cannot cover all possible directions. In that sense, beamforming shall be combined with other technologies to ensure the sufficient coverage both in distance and in directions. 


Figure 4: Illustration of wide and narrow beam transmissions
One candidate solution to enhance the coverage in distance is to use power boosting. If the reference signals are transmitted using a small portion of the entire bandwidth, or if they are transmitted with low density in the frequency domain, then higher transmission power can be allocated to those frequency resources. Power boosting scheme can be used in case of sending reference signals with wide beam. In this case, RAN1 shall carefully design the reference signal sequence, the resource mapping, and decide the frequency resource for reference signal transmission, relative to the entire available bandwidth, in order to achieve a reasonable power boosting factor. On the other hand, RAN1 shall obtain information from RAN4 regarding the feasibility of achieving the desired power boosting.
Another solution to enhance the coverage in distance is repetition, which has been adopted for coverage enhancement in LTE eMTC. Repetitive transmission of reference signals can be considered at least for signal detection, RSRP measurement. It is also possible to use them for CSI estimation and data demodulation but only in case of low mobility wherein the channel does not vary so fast. Reference signal repetition is not suitable for applications which are sensitive to latency.
As mentioned, in case the reference signals are sent with narrow beams, the propagation loss can be well compensated by the beamforming gain. However, a single narrow beam cannot ensure the coverage in all directions. In this case, multiple-beam transmission is needed. If multiple beams are transmitted simultaneously, they will divide the total transmission power, resulting in reduced coverage in distance per beam. Therefore, it can be considered that multiple beams are used in different time instances. Due to the consideration of hardware implementation cost and processing complexity, it may not be possible to support full digital beamforming when antenna array is very large and/or the carrier frequency is higher. In that sense, analog beamforming or hybrid digital/analog beamformg shall be considered. RAN1 shall study whether beamformed reference signals are achieve only via analog beamforming or a combination and analog and digital beamforming. Based on the recent email discussion [8] of NR antenna array models, there is a common understanding that directive antenna panel will also be applied at the UE side. In this case, UE beamforming shall also be considered. Multi beam transmission can overcome the blockage effect in case radio propagation in one specific direction is suddenly interrupted by blocking objects.


Figure 5: Illustration of multi-beam transmission
Multi-TP, or SFN transmission of the reference signal is also a promising solution to resolve the coverage issue. Dense deployment of the TPs can compensate the issue of large propagation loss in high frequency case. In order to ensure the performance, it is desired that the multiple TPs are synchronized in time and frequency. Multi-TP transmission can also combat the blockage issue.
Based on the above analysis, we propose the following:
[bookmark: OLE_LINK29][bookmark: OLE_LINK30]Proposal 4: RAN1 shall study the following multi antenna reference signal transmission technologies for fulfilling the coverage requirement of NR
· Power boosting
· Repetitive transmission
· Multi-beam transmission
· SFN
In some cases, a single solution may not be sufficient to resolve the coverage issue. As analyzed above, the effect of power boosting scheme may be limited by the frequency resource allocation and hardware implementation feasibilities. Repetition based schemes may be limited by the latency and/or channel estimation accuracy requirements. SFN based scheme may require tight synchronization and dense deployment. Beam based scheme may be limited by number of antennas, feasibility of achieving full beamforming gain. Therefore, combinations of the above technologies may be necessary to provide an optimized solution to the coverage enhancement.
Summary
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 the feasibility of providing indoor coverage using outdoor BS at high frequency bands.
Proposal 2: RAN1 shall study how to compensate the large propagation loss caused by increasing the carrier frequency.
Proposal 3: It is necessary to study robust transmission schemes to overcome to blockage effects at high frequency bands.
Proposal 4: RAN1 shall study the following multi antenna reference signal transmission technologies for fulfilling the coverage requirement of NR
· Power boosting
· Repetitive transmission
· Multi-beam transmission
· SFN
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