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1.  Introduction

In RAN1#85, it was agreed to study multi-beam based approach for providing a desired DL/UL coverage area of a TRP/UE. Furthermore, it was agreed to study the beamforming procedure and their system impacts, at least for multi-beam based approach, including [1]
· Physical layer procedures for beamforming optimizing different metrics such as overheads and latencies  in multi beam and single beam based approaches
· Physical layer procedures in multi beam based approach that require beam training, i.e. steering of transmitter and/or receiver beams
· E.g. Periodic/Aperiodic downlink/uplink TX/RX beam sweeping signals, where periodic signals may be semi-statically or dynamically configured (FFS)
· E.g. UL sounding signals
· Other example is not precluded
In addition, beamforming implementations to be considered cover pure analog beamforming, pure digital beamforming, and hybrid beamforming, and the physical layer procedure design can be agnostic to the beamforming implementation.
In this contribution, we discuss considerations for physical layer beamforming procedure from various aspects.
2.  Generic Design Targets and Multi-beam Model
For implementation-independent beamforming procedure design, hybrid beamforming is assumed since both purely analog and purely digital beamforming approaches can be deemed as special cases of it. To minimize signaling overhead and to avoid complex system behavior, joint design on reference signal provisioning and corresponding channel information reporting procedure for both analog beam management and digital adaptation is preferred. As CSI procedure is well-developed in legacy LTE systems, which is deemed as a purely digital implementation, integrating additional needs of beam management into legacy CSI procedure is sensible approach when developing joint reporting procedure. 
It is noted that, to accommodate hybrid beamforming structure in a legacy LTE system, a straightforward way would be attaching an analog beamforming management module on it. During operation, both digital and analog modules are configured/applied for hybrid beamforming implementation whereas for purely analog or digital implementation, only the corresponding module is configured/applied. Despite of its logical simplicity, the approach is not in fact efficient in terms of system complexity and signaling overhead. Specifically, the overhead and effort spent on the reference signal transmission and channel status reporting are close to doubled.
In this contribution, we assume that multi-beam operation is realized via a TDM beam sweeping approach as illustrated in Figure 1. In the figure, a set of periodically sweeping beams is used to provide a desired coverage area. The sweeping beams are used to provide common control signaling, .e.g., initial access information. In the rest part of time, for individual users, dedicated transmission is conducted by dedicated beams. It is noted that we only highlight that the beamformers used for the dedicated transmission can be different from the periodically sweeping beams, but do not place additional constraint on the beamformers for dedicated transmission. More details on the TDM beam sweeping approach are provided in our companion contribution [2]. In the remaining sections, we discuss the additional needs on beam management for different purposes.
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Figure 1: Illustration of realizing multi-beam operation in a TDM beam sweeping manner.
3.  Considerations for Periodical Sweeping Beams
One of the essential functionalities of periodical sweeping beams is to serve as entry-level beams for providing common control signaling [3]. Among others, the common control signaling provides necessary information which is required for users to enter the network. Upon detecting a perceivable sweeping beam and acquiring the common control information, a UE learns the whereabouts of its random access resources. With successful random access preamble transmission, NW learns the beamforming information that can be used for communicating with the concerned UE. After a connection has been established between a UE and NW, all other signaling can go for dedicated signaling. It is noted that such initial access procedure is required for macro-assisted systems as well. While the common control signaling information can be delivered in a macro-layer, the detection of perceivable sweeping beam and the corresponding random access resources can only be determined in the beamforming RAT. It is because of serving as entry-level beam, information required for acquiring the periodic beams needs to be well-defined for UE, e.g., periodicity and reference signal search space. 
Another main functionality of periodical sweeping beam is to serve as anchor beams for RRM and RLM. Taking RLM as an example, a radio link is maintained for communicating with NW for any given UE. As only the periodical sweeping beams appear regularly, it is sensible for a UE to anchor on a periodical sweeping beam for radio link monitor purpose, and thus, an anchor beam should be explicitly maintained between NW and UE at any moment when UE is connected to the NW. This also implies that periodical sweeping beams should be uniquely identifiable in its neighborhood.
Given the above mentioned purposes, we understand that such entry-level beams need to be associated with corresponding reference signal sequences in a one-to-one manner and the reference signal sequences should be locally unique. While it is straightforward for a UE to decide candidate sweeping beams and thus to select an anchor beam among the candidates, allowing NW to do the selection based on UE’s feedback on the candidate sweeping beams provides the additional benefits, such as load balancing between sweeping beams. The concept of candidate sweeping beams and anchor beam is illustrated in Figure 2.
Observation 1: An anchor beam which is selected from the periodical sweeping beams should be explicitly maintained for e.g., RLM purpose. NW-controlled anchor beam selection is beneficial from system perspective.
Proposal 1: Mechanism and signaling for maintaining an anchor beam between BS and UE should be discussed.
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Figure 2: Illustration the concept of candidate sweeping beams and anchor beam
4. Considerations for UE-side Beamforming
With severer path loss in above 6GHz frequency band, UE-side beamforming can act as a crucial means to close the link budget gap, especially in mmWave frequency bands. As UE with different capabilities may exist in NR network, a beam management framework that can accommodate both beamforming and non-beamforming UE should be considered. In principle, UE-side beamforming can be managed either in NW-transparent manner or in NW-centric manner.
For NW-transparent approach, UE beamforming weight is self-trained based on transmission opportunities of the periodical sweeping beams without NW administration. UE decides the best pairing between candidate sweeping beams and UE beams. For a selected anchor beam, UE autonomously adjusts its UE beams for either transmission or reception. Similarly, channel information reporting related to beam management as well as link adaptation is conditioned on the selected UE beams. Following the approach, there is no signalling overhead for UE-side beamforming and the system complexity on beam management is offloaded partially to UE side.
In the alternative way of NW-centric approach, NW collects channel information corresponding to paired sweeping beams and UE beams. The channel information is collected either via UE feedback, or via UL sounding reference signal transmission. After a beam pair is selected, NW would then signal UE of the selected anchor beam as well as its corresponding UE beam. Compared to NW-transparent approach, the signalling and/or SRS transmission overhead is increased. From channel information collection perspective, extensive UE feedback is required since multiple paired beam information is likely to be reported. If the channel information collection is collected via UL SRS transmission, multiple UL SRS transmission opportunities are needed for UE to rotate through different UE beams. To signal the selected anchor beam and UE beam, UE beam information is additionally notified compared to the NW-transparent approach.
Observation 2: NW-transparent approach for UE-side beamforming reduces beam management signaling significantly by offloading the beam management complexity to UE side.
Proposal 2: RAN1 should study NW-transparent UE-side beamforming.
5.  Considerations for Dedicated Beams
Dedicated transmission by using beamforming weights different from anchor beams can e.g., improve transmission efficiency. From signaling overhead perspective, NW-centric dedicated beam management which is transparent to UE is preferred. The key to achieve UE-transparent dedicated beam management is to remove the one-to-one association between beamformer and reference signal sequence that is assumed for periodical sweeping beams. Unlike the periodical sweeping beams, UE does not need to uniquely identify a dedicated beam in its neighborhood for successful transmission. What is needed is simply the transmission resources and reference signal sequence to be monitored, as long as NW can select proper dedicated beamformer to serve the UE. Figure 3 illustrates an example of dedicated beam training. In the example, several dedicated beams are transmitted for training, with each beam carrying different reference signal sequences. With proper channel information feedback, NW learns which beam is preferred and should be selected. When using the selected dedicated beam for transmission, a pre-configured reference signal sequence is carried for UE to recognize the transmission. In the process, UE needs not to know dedicated beamforming weight at all.
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Figure 3: Example of dedicated beam training
Observation 3: Implicit dedicated beam management can be achieved without one-to-one association assumption between dedicated beams and reference signal sequences.
Proposal 3: RAN1 should study implicit dedicated beam management for further signaling reduction
6. Conclusion

In summary, based on the above discussion we have the following observations and proposals for the beam management of above 6 GHz NR:
Observation 1: An anchor beam which is selected from the periodical sweeping beams should be explicitly maintained for e.g., RLM purpose. NW-controlled anchor beam selection is beneficial from system perspective.
Proposal 1: Mechanism and signaling for maintaining an anchor beam between BS and UE should be discussed.
Observation 2: NW-transparent approach for UE-side beamforming reduces beam management signaling significantly by offloading the beam management complexity to UE side.
Proposal 2: RAN1 should study NW-transparent UE-side beamforming.
Observation 3: Implicit dedicated beam management can be achieved without one-to-one association assumption between dedicated beams and reference signal sequences.
Proposal 3: RAN1 should study implicit dedicated beam management for further signaling reduction
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