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1 Introduction
During RAN#71, a study item (SI) [1] on New Radio Access Technology was approved.
In particular, the SI description (SID) includes
· The study aims to develop a new RAT 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 (TR38.913).  
Beamforming is envisioned as a key enabling technique for meeting the spectrum efficiency and coverage requirements at higher frequencies. This contribution proposes a design framework allowing NR to natively support beamforming at both UE and network sides. 
2 Design objectives
In [3] we propose to introduce a beam-based framework achieving the following objectives:
· Providing efficient support of large number of antenna elements at both network and UE sides and compatibility with various antenna of architectures;
· Facilitating enhanced schemes listed below:
· Spatial multiplexing;
· CoMP and beam-based mobility;
· Spatial / beam diversity;
· Satisfying design goals related to forward compatibility, i.e. minimizing always-on signals and confining signals and channels within configurable resources;
· Enabling a unity of design across frequency bands and for functionalities such as CSI feedback.
The framework is based on a notion of ‘beam process’ and the UE can manage beamforming parameters for transmission or reception (e.g. precoding weights, power, timing) through the ‘beam process’ instead of through explicit configuration of precoding weights.   

Proposal 1: 
Introduce a concept of Beam Process to support instantiation and maintenance of multiple beams at the UE side.

3 Beam Process Design Aspects
The UE can be configured with multiple beam processes to support spatial diversity or multiplexing, multi-point operation and mobility. This is illustrated in Figure 1 below, where processes 1 and 2 correspond to direct and reflected paths to TRP1 and process 3 corresponds to a path to TRP2. Each configured beam process may be seen as corresponding to a transmission or reception instance with a specific antenna pattern that maximizes the beamforming gain along a channel path. Multiple beam processes could also be used to support different levels of beamforming depending on the type of information being transmitted and associated reliability requirements or depending on whether the transmission is unicast or multicast.  
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Figure 1 Multiple beam processes

Itis envisioned that several physical layer functions beyond beam selection can be instantiated (i.e. run independently)
per beam process. More specifically, the following functions should potentially operate on a per-beam process basis:

- Power and timing control

- CSI feedback and sovading





Figure 1 Multiple beam processes
Higher layer functions can be instantiated (i.e. run independently) per beam process and specifically the following functions should potentially operate on a per-beam process basis:
· Random access 
· Power and timing control

· Radio link monitoring

· RRM measurements
· Mobility handling
Beam selection procedure using a beam reference signal in the downlink and a beam sounding signal in the uplink can be used to support these function [3]. In addition, a UE can have an active or default beam process that is currently applied in the on-going functions while maintaining a candidate or alternate beam process for beam process management. Specifically, a UE can have a serving beam process to access control and data transmission, as well as a candidate beam process to evaluate intra-TRP or inter-TRP beam measurement.  
Random access
The random access procedure can be performed via an initial beam process establishment. The UE can create an initial beam process when it powers up or re-establishes a synchronization state of a beam process. The initial beam process establishment can include physical layer beam operations including beam search, beam sweep, beam alignment and beam measurement and feedback. The random access can result in a default or serving beam process the UE can use to establish the RRC connection.
Power and timing control
A UE can administer power control for each applicable beam process and maximum power allocation, power control configuration such as power control loop, step size, adjustment method and power headroom reporting can be per beam process. Each beam process can have an independent path loss estimate based on the BRS used specific to the beam process and the resources for beam reference signal may be provisioned independently for each beam process. The UE can also determine the timing reference using transmission based on the BRS and apply a timing advance for an associated uplink transmission. The timing advance per beam process can be received as a timing adjustment command and apply to all subsequent transmissions for the specific beam process. 
Radio link monitoring 

A UE can maintain a synchronization state per beam process and monitor the radio link quality of each maintained beam processes that are associated with the serving TRP. The synchronization state can be declared per beam process when the measured beam process radio link quality is above a threshold. The radio link quality measurement can be based on beam reference signal with pre-configured higher layer filtering. When it is below the threshold for a pre-configured period of time, a UE can consider the beam process to be unsynchronized and potentially initiate an initial beam establishment. Also due to the per-beam-process synchronization state mechanism, it is possible that the UE can use another beam process to sustain certain radio link functions while experiencing a beam process radio link failure .  For example a beam process specific for narrow beam high throughput data transmission can be blocked while another beam process of the same UE with much wider beam for control information transmission is still in a synchronization state.  Thus a UE radio link failure can occur when all monitored beam process by the UE enter in an unsynchronized state and have a beam process radio link failure.  

Proposal 2: 
Consider performing random access to perform beam process establishment

Proposal 3: 
Consider per-beam radio link monitoring functionality 

RRM measurements 
A RRC measurement can be based on beam process measurement using beam reference signal (BRS) or mobility reference signal (MRS). Each TRP can transmit these reference signals using orthogonal resources. A UE can be configured with specific measurement beam processes for the RRM measurement and the configuration can include a dynamically scheduled BRS when the TRP does not have a “always-on” reference signal transmission. Thus the beam process measurement transmission can be self-contained and the scheduling interval can vary depending on the measurement type, UE velocity and beam process application. The beam process measurement results can trigger beam process operations such as switching the serving or active beam process, adding a new beam process or removing a beam process.
Proposal 4: 
Consider measurements per beam process.

Mobility handling 
The mobility handling can be based on beam process operations including beam process switch, addition and removal.  A beam process addition can occur based on beam process measurement for example when the beam measurement of intra- or inter-TRPs triggers addition of beam process from the serving or neighbor TRP. Beam process addition can also be triggered by UE location update. For example when UE moves to a previously known location and the UE can invoke the beam process used last at the location. A beam process removal can be also based on beam process measurement and UE location. A UE can request the beam process addition and removal based on the beam process measurements or upon other mobility events.  

Proposal 5: 
Consider mobility based on beam process.

4 Conclusion

This contribution proposes a design framework allowing NR to natively support beamforming at both UE and network sides.  The following design framework is proposed:
Proposal 1: 
Introduce a concept of Beam Process to support instantiation and maintenance of multiple beams at the UE side.

Proposal 2: 
Consider performing random access to perform beam process establishment

Proposal 3: 
Consider per-beam radio link monitoring functionality 
Proposal 4: 
Consider measurements per beam process.

Proposal 5: 
Consider mobility based on beam process.
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