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1
Introduction
In RAN1 #85, initial views on the use of multi-antenna schemes for the New Radio interface were discussed. The discussion covered enhanced massive MIMO using analog, digital and hybrid beamforming techniques with some contributions proposing the use of beam-based approaches for the NR radio. The following has been agreed on as a starting point for beam-based approaches to NR design [1]:
Agreements:

· RAN1 studies both multi-beam based approaches and single-beam based approaches for these channels/signals/measurement/feedback

· Initial-access signals (synchronization signals and random access channels)

· System-information delivery 

· RRM measurement/feedback

· L1 control channel

· Others are FFS

· FFS: Note: The physical layer procedure design for NR can be unified agnostic to UE as much as possible whether multi-beam or single-beam based approaches are employed at TRP at least for synchronization signal detection in stand-alone initial access procedure

· Note: single beam approach can be a special case of multi beam approach

· Note: Individual optimization of single beam approach and multiple beam approach is possible

In this contribution, we discuss some of the elements necessary for UE initial access to a network using a beam-based approach. These include synchronization and initial system-information delivery. A companion contribution discusses the design of beam-based random access channels [2]. 
2
Beam Based Approaches and Initial UE Access
The use of analog, digital or hybrid beamforming in a system with a large number of antennas enables the formation of beams with large array gains for improved coverage and link capacity. These gains are especially important at frequencies above 6 GHz where challenges due to the propagation characteristics of the channel may result in an environment unfavourable for wireless communication, especially in an outdoor environment. As such, the system design should take into account the beamforming of all physical layer signals and channels into all system procedures, (e.g. cell/beam search, random access, control channel transmission, broadcast channel transmission, and channel measurement etc.) and evolve  the network design to a beam-centric design as opposed to the 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 [2].
In RAN1 #85, both single and multi-beam based approaches have been proposed. Single beam based approaches use a single beam to extend UL/DL coverage while multi-beam based approaches (such as beam sweeping), use multiple beams to extend UL/DL coverage. This coverage extension may be for channels, signals, measurement and feedback [1].

The initial access for a UE in a beam-centric network requires the use a beamformed synchronization signal, random access channels and updated procedures for cell search, initial system information delivery and random access.
3
Synchronization
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. In a beam-centric design, 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 as in non-NR deployments especially in the multi-beam approach. 

The design of the synchronization signal(s) should incorporate beam-centric parameters. These include:

· Physical resource allocations: the mapping to specific beams and physical resources in time, frequency and/or code;

· Dwell times: time that a synchronization signal is transmitted continuously by a beam;

· Sweeps: the manner in which the basestation or transmission point transmits a set of beams in a pre-determined or random order; 
· Time intervals: time between successive transmissions of a synchronization by a specific beam. This may be periodic or aperiodic. 
These parameters may be either fixed or variable and the configuration may be set in a static, semi-static or dynamic manner.

The design framework should allow implicit signalling of beam-specific information. This information can include beam identification, beam width (e.g. narrow or wide beams), traffic/service type and the location of the additional signals or channels needed for UE initial access (such as the RACH or broadcast channel). With this design, the system should use a beam search procedure using different synchronization signal types in which the UEs distinguish synchronization signal types and their associated channels by a property of the detected synchronization signal. The structure should also be suitable for both homogeneous and heterogeneous architectures.
Proposal 1: RAN1 should study synchronization signals that incorporate beam-centric parameters such as resource allocations, dwell times, sweeps, and time intervals.
Proposal 2: RAN1 should study synchronization sequences with a structure that implicitly signals beam-specific information usable in the beam search procedure
4
Initial System Information Delivery
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 gain all the necessary information for a UE to access to the cell. The broadcast channel can be used to explicitly signal beam information, cell information, timing information and associated channel linkage (i.e. information needed for the UE to locate and demodulate the associated control channels, data channels or shared channels). In a beam centric design, a beamformed broadcast channel should be transmitted for initial system information delivery and provide all the necessary information for a UE to gain access to the beam. The UE should use a reference signal derived from the synchronization signal to demodulate the broadcast channel. This is discussed in a companion contribution on reference signal design for NR [4].
The broadcast channel should be designed to minimize the repetitive overhead, as it may have to be repeated for each beam (especially for the multi-beam approach within a beam sweep). To minimize the overhead, we can:
· Decouple the synchronization and broadcast channels e.g. have separate beams, beam timing and beam-access methods. The beam-timing is defined by the dwell, sweep and time intervals while the beam-access method can be always-on or on-demand e.g. transmitting the synchronization channel periodically based on a beam-timing decided by the base station and transmitting the broadcast channel aperiodically based on a UE request only.

· Split the broadcast channel and creating a hierarchical design that sends only the most critical information using a primary layer. Any non-critical information is sent using secondary layers. The secondary layers can be sent be on a different beam, frequency or channel or they can be requested by the UE on demand. For example, layer 1 is transmitted repeatedly on each beam during a beam sweep while layer 2 is requested by the UE specifically. 
Proposal 3: RAN1 should study mechanisms to minimize the overhead of the broadcast channel for a lean design.

Proposal 4: For lean beam-based design, the timing and transmission of the synchronization channel and broadcast channel should be decoupled. 

Proposal 5: For a low overhead broadcast channel, the broadcast channel should be split into critical and non-critical information. 
5
Summary
In this contribution, we discussed issues associated with initial access for a beam-based approach to NR. Based on the discussions, we propose the following
Proposal 1: RAN1 should study synchronization signals that incorporate beam-centric parameters such as resource allocations, dwell times, sweeps, and time intervals.
Proposal 2: RAN1 should study synchronization sequences with a structure that implicitly signals beam-specific information usable in the beam search procedure
Proposal 3: RAN1 should study mechanisms to minimize the overhead of the broadcast channel for a lean design.

Proposal 4: For lean beam-based design, the timing and transmission of the synchronization channel and broadcast channel should be decoupled. 

Proposal 5: For a low overhead broadcast channel, the broadcast channel should be split into critical and non-critical information. 
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