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Introduction
A new study item on New Radio Access Technology (RAT) [1] was approved in RAN#71. The high-level objectives of the new study item are copied from [1] below:
· The study aims to develop an NR access technology to meet a broad range of use cases including enhanced mobile broadband, massive MTC, critical MTC, and additional requirements defined during the RAN requirements study. 
· The new RAT will consider frequency ranges up to 100 GHz [2].
Meanwhile, the following was agreed in RAN1#84b [3]:
Agreements:
· Study enhanced massive MIMO analog/digital/hybrid beamforming.

As discussed in our companion contribution [4], for analog and hybrid beamforming with massive MIMO, multiple transmissions in time domain with narrow coverage beams steered to cover different serving areas is be essential to cover the whole coverage areas within a serving cell in NR. In this contribution, some more details of the beam sweeping and the related operations are discussed.
Motivation of beamformed access
The characteristics of the wireless channel at higher frequencies are significantly different from the sub-6GHz channel that LTE is currently deployed on. Although the details on the channel model are currently being worked out in a separate study item, what is certain is that the higher frequencies will be subject to significantly higher path-loss than sub-6GHz. In Table 1, we provide a toy example showing the path-loss derived from Friis’ equation in free space for 2.8GHz and 28GHz.
[bookmark: _Ref447268358]Table 1. Comparison of path-loss derived from Friis’ equation for 2.8GHz and 28GHz.
	
	2.8GHz
	28GHz
	Note

	RX aperture size
	9.135cm2
	0.091cm2
	Due to smaller wavelength for 28GHz, aperture size is reduced to 1/100th of that of 2.8GHz

	Path-loss over 1m
	-41.4 dB
	-61.4 dB
	Due to smaller aperture size, path-loss is increased by 100 times (20dB additional path-loss)


As shown in Table 1, the key challenge of designing the new RAT for higher frequencies will be in overcoming this larger path-loss. In addition to this larger path-loss, the higher frequencies are subject to unfavourable scattering environment due to blockage caused by poor diffraction. Therefore, MIMO/beamforming is essential in guaranteeing sufficient signal level at the receiver end. 
One thing to be considered before initiating discussions on the detailed design of MIMO/beamforming for the higher frequencies is the implementation complexity involved in overcoming this path-loss. From Table 1, it can be observed that the MIMIO/beamforming for the higher frequencies needs to be designed to compensate for 20~30dB of additional path-loss. If this path-loss is compensated relying just on digital precoding, the number of required TXRUs at the eNB/UE would be well over 100 and can be as high as 1000. To achieve similar MIMO/beamforming performance as the lower frequencies (e.g., 16 TXRUs in Rel-13 FD-MIMO), MIMO/beamforming for the higher frequencies would need to support even more TXRUs. Needless to say, relying solely on digital precoding that handles this large number of TXRUs is simply too costly from implementation point of view.
In order to compensate the large path-loss while maintaining reasonable implementation complexity, the design of MIMO/beamforming needs to deviate from the full digital precoding that is currently used in LTE. Instead of full digital precoding, adaptive analog beamforming need to be used in conjunction with digital precoding. The analog beamforming would compensate the path-loss while the digital precoding would provide additional performance enhancements similar to MIMO for sub-6GHz. Note that the implementation complexity involved in supporting adaptive analog beamforming is significantly less than digital precoding since it is primarily relies on simple phase shifters. In the rest of this contribution, this combination of adaptive analog beamforming and digital precoding will be referred to as hybrid beamforming as shown in Figure 1.

 
[bookmark: _Ref447274472][bookmark: _Ref447274304]Figure 1. Block diagram of hybrid beamforming (combination of analog beamforming and digital precoding).

Observation 1: Relying solely on digital precoding to compensate for the additional path-loss in higher frequencies will lead to excessive implementation burden.
Proposal 1: Adopt hybrid beamforming as a baseline MIMO/beamforming scheme for higher frequencies in NR.
Beam sweeping for beamformed access
As we discussed in Section 2, relying solely on digital precoding to compensate for the additional path-loss in higher frequencies seems not enough to provide similar coverage as below 6GHz. Thus, the use of analog beamforming for achieving additional gain can be an alternative in conjunction with digital precoding. Similarly, the companion contribution [4] has also observed that large directional antenna gain far beyond 18 dBi is necessary for certain scenarios in NR to provide basic coverage of a serving cell. This means that the sufficiently narrow beam should be formed with lots of antenna elements, which is likely to be quite different from the one assumed for the LTE evaluations. For large beamforming gain, the beam-width correspondingly tends to get reduced, and hence the coverage beam with the large directional antenna gain cannot cover the whole horizontal sector area specifically in 3-sector configuration. 
From these observations above, multiple transmissions in time domain with narrow coverage beams steered to cover different serving areas are necessary. Inherently, the analog beam of a subarray can be steered toward a single direction on each OFDM symbol, and hence the number of subarrays determines the number of beam directions and the corresponding coverage on each OFDM symbol. However, the number of beams to cover the whole serving areas is typically larger than the number of subarrays, especially when the individual beam-width is narrow. As shown in Figure 2, multiple transmissions with narrow beams differently steered in time domain should be supported for beamformed access to cover the whole service areas, while achieving large directional antenna gain. In some literature, the provision of multiple narrow coverage beams for this purpose has been called “beam sweeping”. For analog and hybrid beamforming, the beam sweeping seems to be essential to provide the basic coverage in NR. For this purpose, multiple OFDM symbols, in which differently steered beams can be transmitted through subarrays, can be assigned and periodically transmitted. The beam sweeping operation might cause an additional overhead, and an overhead efficient beam sweeping design is desired. 
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Figure 2. Illustration on Tx beam sweeping (e.g., # of subarrays = 2).

Proposal 2: For beamformed access, introduce beam sweeping for providing basic coverage in NR. 
· Strive for minimizing the overhead related to the beam sweeping.
Beam sweeping based operations
The beam sweeping in NR would be suitable for the transmission of common control signalling, physical broadcast channel and RRM measurement. Here, the common control signalling includes the synchronization signals, system information for downlink and random access channel for uplink. At least the design of initial access based on beam sweeping should be taken into account. 
Similar to LTE system, a UE in NR must perform certain procedures before data transmission and reception. These procedures include the cell search and downlink synchronization, acquisition of system information, and random access. Basically, physical synchronization signals are transmitted for cell identification and time synchronization and physical broadcast channel conveys system information to all UEs. Similarly, the random access channel is used for acquiring UL time synchronization and system information. Therefore, reliable reception of these signals and the information at all UEs within a serving cell should be guaranteed, thus beam sweeping transmission for initial access should be applied as shown in Figure 3. There are still many things to be investigated such as the beam combinations for each symbol, the number of beams for the initial access and transmission mode, etc. For the reliable initial access and minimizing the overhead from beam sweeping, the efficient design for synchronization signals, broadcast channel and random access channel should be further studied. For example, by means of channel reciprocity of downlink and uplink, the beam sweeping for uplink random access can be simplified or skipped for minimizing overhead. 

Proposal 3: Study beam-sweeping based designs for initial access in NR: at least for synchronization signals, broadcast channel and random access channel.


[image: ]
Figure 3. Illustration on beam sweeping based initial access in NR (e.g., # of subarrays = 3).

The beam sweeping should be taken into account for the RRM measurement as well; UE who acquired sync and broadcast information needs to obtain channel strength information of the different beams of each neighbouring cell to do the cell selection as well as RSRP reporting. For this purpose, it is required to introduce additional reference signals based on beam sweeping, which is introduced in the companion contribution [5]. 

Proposal 4: Study beam-sweeping based designs for RRM measurements in NR.
Conclusions
The observation and proposals are as follows:
[bookmark: _GoBack]Observation 1: Relying solely on digital precoding to compensate for the additional path-loss in higher frequencies will lead to excessive implementation burden.
Proposal 1: Adopt hybrid beamforming as a baseline MIMO/beamforming scheme for higher frequencies in NR.
Proposal 2: For beamformed access, introduce beam sweeping for providing basic coverage in NR. 
· Strive for minimizing the overhead related to the beam sweeping.
Proposal 3: Study beam-sweeping based designs for initial access in NR: at least for synchronization signals, broadcast channel and random access channel.
Proposal 4: Study beam-sweeping based designs for RRM measurements in NR.
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