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1	Introduction
At the RANP meeting #71, a new Study Item was approved for next generation access technologies [1]. The goal of this SI is to initiate RAN WG study items to identify and evaluate solutions to achieve the next generation  access technology goals and performance targets. Such goals and performance targets are being defined and investigated as part of the 3GPP RAN SI on scenarios and requirements for New Radio (NR) Access Technologies [2] with the findings captured in TR 38.913 [3] as the work progresses.
A variety of technologies are currently under study for the NR radio. These include new waveforms, multiple access techniques, modulation and coding techniques, and multiple antenna techniques. In addition, new system deign concepts are being considered to minimize the presence of always on signals and to adapt to the beamforming needed especially at higher frequencies. Although it is unlikely for any of these performance targets to be achieved by a single technique or feature, it is anticipated that the deployment of multiple antenna systems with a large number of antennas will be a main contributor to achieve the aggressive performance targets set for NR. For example, TR 38.913 is now considering up to 256 Tx/Rx antennas for most deployment scenarios [3].
In this contribution, we discuss the application of beamforming using a large number of antennas for the NR interface; we propose a system design based on beamforming of all signals and channels and discuss the implications on system acquisition including synchronization and information acquisition.  
2	Discussion
The use of a large number of antennas in a system allows for (a) beamforming using beams with large array gain and/or (b) spatial multiplexing with multiple streams and/or (c) multi-user transmission with very high spatial focusing [4]. In this contribution, we will focus on (a) and (b) and their implications on NR system design with (c) addressed in [5].
Digital, Analogue and Hybrid Beamforming
Beamforming techniques include digital, analogue and hybrid beamforming. 
With digital beamforming or precoding, each antenna element has a dedicated RF chain including RF processing and an Analog-to-Digital-Converter/Digital-to-Analog-Converter (ADC/DAC). The number of RF chains can be equal to the number of antenna elements. The signal processed by each antenna element can be controlled independently in phase and amplitude to optimize the link performance. While offering very high performance, digital beamforming technique can impose a high cost and complexity in implementation and cause high energy consumption during operation in a scenario with a very large number of antennas.  
Analogue beamforming applies one RF chain to a number of antenna elements that constitute a Phased Antenna Array (PAA). Each antenna element has a phase shifter used to set a phase-only weight for beamforming and steering of the antenna pattern of the PAA. The number of applied RF chains may be significantly lower than the number of antenna elements and be the same or lower than the number of PAAs. For example, multiple PAAs can be connected to a single RF chain and each PAA can have an antenna patterns of specific azimuth and elevation coverage. The RF chain is switched to one PAA at a time and thus a single RF chain with multiple PAAs can provide a broad coverage by using one beam at a different direction at a different time instance. This enables a low complexity use of a large number of antennas but can result in a loss performance when compared with digital beamforming.  
Hybrid beamforming combines both analogue beamforming and digital precoding. Analogue beamforming is performed over antenna elements of a PAA connected to one RF chain. Then digital precoding is applied to the baseband signal for each RF chain and its associated PAA(s). Each domain (analogue and digital) has precoding and combining matrices with different structural constraints e.g. constant modulus constraint for combining matrices in the analogue domain. This design results in a reduction in some of the performance loss seen when using analogue beamforming only and leading to a compromise between hardware complexity and system performance. 
Large Number of Antennas for sub-6 GHz Transmission
For sub-6 GHz transmission, digital precoding and hybrid beamforming techniques for systems up to 16 antenna ports have been studied in Release 8 (R8) through R13 and up to 32 ports are currently under discussion in R14. For sub-6 GHz transmission with a large number of antennas and antenna ports, massive MIMO techniques such as those discussed in [4] can be used and the implications of this to NR design are addressed in [5].
[bookmark: _GoBack]Large Number of Antennas for above 6 GHz Transmission
At frequencies above 6 GHz, the reduction in the wavelength results in the ability to deploy systems with a large number of antennas while having PAAs with a reasonable form factor especially for millimetre Wave (mmW) frequencies. 
One challenge of using these schemes in above-6 GHz frequencies is the propagation characteristics of the channel that may be unfavourable for wireless communication, especially in an outdoor environment. Higher frequency transmissions experience higher free space path loss. Rainfall, atmospheric gasses, e.g. oxygen and foliage can add further attenuation compared to sub-6 GHz frequencies. Diffraction effects reduce and reflection increases due to the relative sizes of objects compared with the wavelength while increased scattering that occurs when objects that are approximately equal to the wavelength act as point sources causes a increased drop in propagated power [6]. 
All these propagation characteristics of above-6 GHz frequencies result in significant Non Line-Of-Sight (NLOS) propagation path loss and a smaller number of dominant paths with sparse scattering. For example, at mmW frequencies, NLOS path loss may be more than 20 dB higher than Line-Of-Sight (LOS) path loss and severely limit the coverage of the mmW transmission.  However, recent channel measurements performed by the wireless industry and in academia have demonstrated the feasibility of outdoor mmW cellular coverage with the help of beamforming techniques [6]. It is shown in the measurement data that the beamforming gain not only is able to provide the required coverage essential for cellular control signalling in NLOS conditions but also boost the link capacity to achieve higher data throughput in LOS conditions.    
For very large antenna array systems, digital only beamforming is cost and energy prohibitive while analogue beamforming only results in a loss in performance. Hybrid beamforming, however, is able to approach digital precoding performance [7]. Although, it is limited by the number of RF chains, this is not an issue as mmW channels are sparse in the angular domain and the additional baseband precoding can recover some of the performance loss experienced with analogue only precoding.
· Observation 1: The above-6 GHz New Radio Access Technology beamforming technique should be based on hybrid beamforming;



Beam Centric Architecture and Design
The use of beamforming to enable improved coverage and increased link capacity requires specific design choices for an above-6 GHz NR system. This design can apply different beamforming techniques and have specific beamforming configurations for the different signals and channels to overcome the channel impairments for all physical layer signals and channels. The beamforming configuration includes the beamformer type (digital, analogue or hybrid), beam width, beamforming gain, beam operating frequency etc. 
· Proposal 1: The above-6 GHz NR system design should enable beamforming on all physical layer signals and channels;
Aligned beams between the transmitter and receiver at above-6 GHz frequencies can provide additional degrees of freedom in the angular domain compared with conventional cellular systems. Therefore, the system design should take into account the beamforming of all physical layer signals and channels into all system procedures, e.g. cell search, random access, control channel transmission, broadcast channel transmission, and channel measurement etc. As such, the network design should evolve to a beam-centric design as opposed to cell-based design used in existing cellular systems. In this design, coverage is provided by beams rather than cells and all the channels and signals should be beam formed. 
The use of beamformed physical layer signals, channels and system procedures may require their repetition for each beam and result in an increase in overhead, energy consumption and inter-beam interference. As such, design of the physical layer signals, channels and system procedures must be based on minimizing the presence of always on signals and on sending the minimum information required for a lean system design philosophy.
A UE should be permitted to transmit multiple streams of data within each beam. Transmission to a UE can be on a single standalone beam, on multiple aggregated or on multiple standalone beams. The single beam  architecture allows for multi-stream transmission while the multiple beam architectures allow for multi-beam, multi-stream transmission.  
Note that to ensure a unified network design over all frequencies, this beam centric design philosophy can also be used in lower frequencies. 
· Proposal 2: The above-6 GHz NR system design should incorporate beamforming aspects in all system procedures including cell search, random access, control channel transmission, broadcast channel transmission, and channel measurement; 
· Proposal 3: Design of the physical layer signals, channels and system procedures must be based on minimizing the presence of always on signals and on sending the minimum information required for a lean system design philosophy;
· Proposal 4: Multi-stream transmission should be permitted within a beam. Transmission to a UE can be on a single standalone beam, on multiple aggregated beams or on multiple standalone beams. 
· Proposal 5: Beam centric design philosophy can also be used in sub-6 GHZ 5G systems to ensure a unified design;
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Figure 1: An example of a Beam-centric Design with Beamformed Signals and Channels 


Beamformed Synchronization for Beam Search
As part of the system acquisition process in R8 through R14, a cell search procedure is used by a UE to acquire time and frequency synchronization with a cell and detect the cell ID of that cell. A UE synchronizes to the OFDM symbol, slot, sub-frame, half-frame and radio frame based on a Primary Synchronization Signal and a Secondary Synchronization Signal. 
In a beam-centric design, at least for high frequency bands, this search procedure should be beam-based as opposed to cell-based. Beamformed synchronization signals and an associated procedure should be designed to enable synchronization to (and identification of) the beam, taking into consideration the elements of the NR waveform, modulation and frame structure. 
Due to the beam centric nature of the network, the synchronization procedure should account for the fact that the synchronization signals may not cover the entire cell and may not always be available at a fixed location and with a fixed periodicity as in non-NR deployments. The design of the synchronization signal(s) should incorporate either fixed or variable parameters such as physical resource allocations, dwell times (i.e., time that a synchronization signal is transmitted continuously by a beam), sweeps (i.e., the BTS transmitting a set of beams in a pre-determined or random order) and time intervals (i.e., time between successive transmissions of a synchronization by a specific beam).  
· Proposal 6: Beamformed synchronization signals and procedures should be designed to enable synchronization to (and identification of) beams taking into consideration the elements of the NR waveform, modulation and frame structure;
Beamformed Broadcast Channel for Information Acquisition
As a further part of the system acquisition process in R8 through R14, a broadcast channel is sent by the eNB to enable a UE to gain all the necessary information for a UE to access to the cell. In a beam centric design, a beamformed broadcast channel should be transmitted to provide all the necessary information for a UE to gain access to the beam. 
The broadcast channel should be designed to reduce the overhead as it may be repeated for each beam within a beam sweep. This can be done by ensuring only critical information is placed on the broadcast channel, by transmitting the broadcast channel by UE request only, or by creating a hierarchical broadcast channel that sends critical information using one beam and additional information using a different beam. In hierarchical broadcast channels, the beams differ by characteristics such as frequency or beam width.
· Proposal 7: The broadcast channel should be designed to reduce the overhead as it may be repeated for each beam within a beam sweep;
  
3	Conclusion
In this contribution, we discussed the use of multiple antennas in a beam centric design and the implications on synchronization, network information acquisition and measurement. We made the following observations and proposals:
· Observation 1: The above-6 GHz New Radio Access Technology beamforming technique should be based on hybrid beamforming;
· Proposal 1: The above-6 GHz NR system design should enable beamforming on all physical layer signals and channels;
· Proposal 2: The above-6 GHz NR system design should incorporate beamforming aspects in all system procedures including cell search, random access, control channel transmission, broadcast channel transmission, and channel measurement; 
· Proposal 3: Design of the physical layer signals, channels and system procedures must be based on minimizing the presence of always on signals and on sending the minimum information required for a lean system design philosophy;
· Proposal 4: Multi-stream transmission should be permitted within a beam. Transmission to a UE can be on a single standalone beam, on multiple aggregated beams or on multiple standalone beams. 
· Proposal 5: Beam centric design philosophy can also be used in sub-6 GHZ 5G systems to ensure a unified design;
· Proposal 6: Beamformed synchronization signals and procedures should be designed to enable synchronization to (and identification of) beams taking into consideration the elements of the NR waveform, modulation and frame structure;
· Proposal 7: The broadcast channel should be designed to reduce the overhead as it may be repeated for each beam within a beam sweep;
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