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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. 
Subsequently during RAN#85 it is agreed [2] to study multi-beam and single-beam based approaches for
· Initial-access signals (synchronization signals and random access channels)

· System-information delivery 

· RRM measurement/feedback

· L1 control channel

In a multi-beam based approach, multiple beams are used for covering a downlink coverage area and/or uplink coverage distance of a TRP or a UE.  One example of multi-beam based approach is beam sweeping and when a beam sweeping is applied for a signal or a channel, the signal or the channel is transmitted/received on multiple beams, which are on multiple time instances in finite time duration.  

In a single-beam based approach, a single beam is used for covering a downlink coverage area and/or uplink coverage distance of a TRP or a UE. 
It is also ageed [2] for both multi-beam and single-beam based approaches to take additional considerations of 

· Power boosting

· SFN

· Repetition

· Beam diversity (only for multi-beam approach)

· Antenna diversity

2 Design objectives
For the design of a suitable beam-based framework a number of requirements are considered.
NR is required to operate at much higher frequencies than LTE (e.g. up to 100 GHz). Higher frequencies experience higher free space path loss and rainfall, atmospheric gasses and foliage can add further attenuation compared to sub-6 GHz frequencies. Penetration and diffraction attenuation are also more severe. To overcome the increased path loss and provide an acceptable coverage at high frequencies, large antenna arrays using beamforming techniques can be used at the network side as well as, importantly, the UE side. Such techniques may rely on analog or hybrid architectures to maintain acceptable complexity and power consumption, as discussed in more detail in a companion contribution [4]. 
Observation 1: A beam-based framework needs to efficiently support large number of antenna elements at both network and UE sides and be compatible with a variety of architectures (e.g. analog, digital, hybrid).
NR is also required to achieve high spectral efficiency for services such as eMBB and high reliability for services such as URLLC. It should therefore still be possible to utilize advanced multi-antenna and/or multi-point techniques such as spatial multiplexing and CoMP. To achieve high reliability it should be possible to exploit the diversity of the multi-path channel especially in the space (or beam) domain and efficiently support mobility. It should also be possible to support beamforming for all physical channels and signals.
Observation 2: A beam-based framework should facilitate use of following advanced schemes:

· Beam sweeping

· Spatial multiplexing

· CoMP and beam-based mobility
· Spatial / beam diversity
At RAN1#84bis an agreement was taken to ensure forward compatibility of NR. In particular, this agreement states that the design should strive for minimizing transmission of always-on signals and confining signals and channels within configurable resources. The beam-based framework should thus also satisfy this.

Observation 3: A beam-based framework should satisfy design goals related to forward compatibility, i.e. minimizing always-on signals and confining signals and channels within configurable resources.

Lastly, the framework should maximize design commonality across frequency bands and offer a unified CSI feedback and transmission mode design.
Observation 4: A beam-based framework should offer unity of design across frequency bands and for functionalities such as CSI feedback. 
3 Beam Process
To achieve the above objectives we propose to introduce a framework based on the concept of beam process.

In this framework UE beamforming parameters for transmission or reception (e.g. precoding weights, power, timing) are managed through a beam process instead of through explicit configuration of precoding weights (as in LTE for UL MIMO). Such explicit approach would not scale well with increasing numbers of antenna elements and beams as the required overhead in terms of reference signals and signaling would become unacceptable. Beamforming parameters are determined from the outcome of beam selection applied to the beam process and described in more detail in the next section. Any transmission or reception applies beamforming parameters of a specific beam process which may be referenced to implicitly or explicitly by a beam process identity. This approach greatly reduces the overhead, because the determination of precoding weights and beams is not based on continuous reference signal transmission (for sounding) and does not involve explicit signaling of precoding weights.
At any one time 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
It is 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

· L1 Control channel monitoring

· CSI feedback and sounding

· Radio link monitoring

· Measurements

To support beam selection and the above functions, each beam process needs to be provisioned with downlink and uplink reference signals and resources. It is foreseen that many functions (e.g. beam selection, path loss reference for open loop power control, measurements, radio link monitoring) can be supported by a single downlink reference signal which can be called beam reference signal. To support sounding and assist beamforming at the network side, a beam process also needs to be provisioned with an uplink reference signal which can be called beam sounding signal. Additional downlink beam-specific signals and resources in support of CSI feedback (e.g. for interference measurements or spatial multiplexing within a beam process) can also be considered. Instantiation of CSI feedback on a per beam process basis (using precoded reference signals) is beneficial from the perspective of unity of design as the feedback structure is made agnostic to various types of antenna structures that may be implemented.
To satisfy goals related to forward compatibility, resources for reference signals should be allocated dynamically on a per-need basis, and possibly only during certain beam-related procedures when beam selection takes place. For example, resources can be provisioned during a procedure creating a new beam process. This beam establishment procedure could follow steps similar to a random access procedure where resources for beam reference and beam sounding signals are included in a random access response, allowing the UE to perform (or refine) beam selection prior to the subsequent transmission on a physical uplink channel. Resources should also be provided as part of a beam maintenance procedure that could be initiated to update beam selection due to changes in radio conditions.
Proposal 1: Introduce a concept of Beam Process to support instantiation and maintenance of multiple beams and associated functionalities in New Radio
Proposal 2: Introduce the following reference signals associated to a beam process:

· Beam reference signal (downlink)

· Beam sounding signal (uplink)

Proposal 3: At least the following physical layer procedures can operate independently for each beam process:
· Power and timing control
· L1 Control channel monitoring

· CSI feedback and sounding

4 Beam Selection
As mentioned in the previous section the determination (e.g. initial setting and update) of pre-coding weights for a beam process is performed through beam selection. The goal of beam selection identify a set of pre-coding weights (i.e., a “beam”) that results in the best channel conditions and thereby optimizes the transmission and reception associated with the beam process. From a receiver perspective, one seeks to maximize received signal strength for a given transmission power and transmit beam. 
Different beams can have different levels of coverage and capacity peformance and should be evaluated and selected to match the applications of the beam processes. For example the more directional and narrower the beam provides higher beamforming gain and thus better capacity in a specific direction and such beams can be selected for beam process intended for high throughput data transmission in favorable channel conditions such as line-of-sight (LOS). A wide beam with low beamforming gain will need link enhancement schemes (for example repetition) to close the link budget and can be selected, e.g. for a beam process intended to provide multi-cast and broadcast data that has low latency and throughput requirements. In addition such a beam process with wider beam could be used as a fall-back mechanism if necessary. 
Beam selection can be based on reciprocity (“open-loop”) and/or based on beam sweeping and feedback from the network (“closed-loop”), and performed according to pre-determined rules. It is envisioned that open-loop selection would be used as a primary mechanism to obtain an initial (possibly coarser) estimate of the beam, and that closed-loop selection could be used as a complementary scheme to obtain finer estimates. In both cases, beam selection can take place in one or more measurement “stages” with progressively narrower (or higher directivity) beams. Such approach could significantly reduce the beam selection latency.
Proposal 4: Consider both open-loop and closed-loop measurement procedure for beam selection
5 Conclusion

This contribution proposes a design framework allowing NR to natively support beamforming at both UE and network sides. The following observations are made regarding requirements that should be satisfied by a beam-based framework:

Observation 1: A beam-based framework needs to efficiently support large number of antenna elements at both network and UE sides and be compatible with a variety of architectures (e.g. analog, digital, hybrid).

Observation 2: A beam-based framework should facilitate use of following advanced schemes:

· Beam sweeping

· Spatial multiplexing

· CoMP and beam-based mobility
· Spatial / beam diversity
Observation 3: A beam-based framework should satisfy design goals related to forward compatibility, i.e. minimizing always-on signals and confining signals and channels within configurable resources.

Observation 4: A beam-based framework should offer unity of design across frequency bands and for functionalities such as CSI feedback. 
The following design framework is proposed:
Proposal 1: Introduce a concept of Beam Process to support instantiation and maintenance of multiple beams and associated functionalities in New Radio
Proposal 2: Introduce the following reference signals associated to a beam process:

· Beam reference signal (downlink)

· Beam sounding signal (uplink)

Proposal 3: At least the following physical layer procedures can operate independently for each beam process:

· Power and timing control
· L1 Control channel monitoring

· CSI feedback and sounding

Proposal 4: Consider both open-loop and closed-loop measurement procedure for beam selection
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