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Discussion and Decision
1
Introduction
Agreements [1]:
· RAN1 to study the beamforming procedures and their system impacts at least for multi beam based approach
· 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 this contribution, a special focus is given for the physical layer procedures for beam detection, selection and feedback signalling based on periodically transmitterd multi-beam reference signals. 

2
Motivation

To achieve sufficient coverage and capacity in NR system, propagation/path loss of the radio channel at high carrier frequencies, i.e. > 6GHz, can be circumvented by introducing directive transmission and reception in the form of beamforming, e.g. via large scale antenna arrays. As a result of this, relatively large antenna array gains, at both the base station (BS), (e.g. 18 dB with 64 antenna elements) and the user equipment (UE) (e.g. 9dB with 8 antenna elements) can be achieved.
To exploit available antenna array gains of beamforming, a support for the steering of transmitter and/or receiver beams need to be enabled in NR system. In fact, in our companion paper [2], a periodically transmitted downlink multi-beam sweeping subframe concept has been introduced to provide reference signal and channel support for beam based common control plane functionalities, e.g. time-, and frequency synchronization, cell detection, broadcasting of system information. Furthermore, periodical sweeping subframe provides also reference signal, i.e. beam reference signal (BRS), support for a beam steering in terms of beam detection and beam selection. To enable NR system to provide support for efficient beam management and mobility, beam detection, selection and feedback signalling plays a major role therein. Therefore, physical layer procedures for beam detection, selection and feedback signalling need to be designed for a NR system. Up to today, there has not being much discussion on actual physical layer procedures for beam detection, selection and feedback signalling.
Observation 1: Physical layer procedures for beam detection, selection and feedback signalling are needed in NR system.
Observation 2: Periodically transmitted multi-beam beam references signals (BRS)s associated with a downlink sweeping subframe can provide a reference signal structure support for a beam detection and selection. 
3
Procedures for beam detection, selection and feedback signaling
In this section, physical layer procedures at UE side related to a beam detection selection and feedback signalling in NR system based on periodically transmitted BRSs are considered. 
To reduce system overhead and complexity related to detection, beam selection and feedback signalling, it is reasonable to leverage beam reciprocity between uplink and downlink beams as much as possible in NR system. To exploit beam reciprocity, it is assumed that the number of TXRU chains is the same for uplink and downlink. Furthermore, it is also assumed that the TX and RX chains associated with antenna arrays are calibrated.    
Observation 3: Exploitation of beam reciprocity between uplink and downlink can reduce system overhead and complexity related to beam selection and feedback signalling.
From a network perspective to guarantee flexible beam management in NR system, it is important to design physical layer procedures for beam detection and selection at UE to be transparent with respect to the actual implementation of TX and RX beamforming at the UE side. 
To assist in managing the detection and selection of multiple beams, it is helpful to consider the concept of a beam group.  A beam group is a collection of downlink TX beams indices associated with a set of RX beams. In each beam group, there can be N-best downlink TX logical beam indices (BI)s according to a selected criterion. Here, the logical beam index is defined as: BI = antenna_port_index*sweep_block_index.  As a result of the definition of beam group, actual implementation of RX/TX beams can be made transparent for a network.
Observation 4: Beam grouping enables to make actual implementation of RX/TX beams transparent for a network. 
Figure 1 shows an illustration of beam group based beam detection at UE side with periodically transmitted BRSs in downlink sweeping subframe over different transmission points. Different beam groups are marked with the dashed ovals with different colors, indicated as beam index groups d, g, j, and m. At each sweeping subframe symbol including BRSs, UE aims to detect multiple beam groups that have been described in the text above 
From a network perspective, to enhance scheduling flexibility in different deployments scenarios, it is beneficial for the base station to be aware of multiple user specific beam groups that are reported for it. As a result of this, a scheduler will have more degrees of freedom in performing scheduling decisions and utilizing resources more effectively. Naturally, trade-offs between signaling overhead and scheduling flexibility needs to be taken into account for feedback signaling overhead while defining the exact parameterization needed for the NR system. 
Observation 5: By enabling multiple user specific beam groups to be detected at UE and reported to a base station, scheduling flexibility can be enhanced in the NR system. 
To avoid excessive feedback signalling overhead, beam selection needs to be performed as a part of the beam detection process at the UE side. A criterion for beam selection needs be defined such that it enables the identification of the N-“best” logical beams per beam group which provide the highest quality measurements or similar parameter. The beams with the highest quality may be determined according to the strength of the received signal level, by the number of detected beams above a certain threshold, or by grouping the beams according the utilized received beamforming in the UE. Additionally, the beam selection criterion may define a threshold minimum under which the UE would not include that result in its feedback report.
Observation 6: Beams per group includes N-“best” beams according to a criterion, e.g., signal strength/quality.  
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Figure 1. An illustration of beam group based beam detection from different TRPs.
UE computes a beam feedback report per beam group for a network. The beam report includes N * (logical beam index + (strength and/or quality)) + group ID per beam  group having signal quality or signal strength above some threshold (or alternatively the N-best beams).  
Proposal 1: Priorize beam reciprocity based beam detection, selection and feedback procedures for NR system.  
Proposal 2: UE physical layer procedures for beam detection and selection need to be transparent for a network with respect to actual implementation of TX and RX beamforming at UE.
Proposal 3: UE detects multiple beam groups and reports groups for a base station. Each beam group can consists of N-“best” beams determined either by the strength of signal level and by number of detected beams above a certain threshold. 
Proposal 4: Feedback signalling report for each beam group consists of logical beam index, strength/quality information and beam group index. 
Proposal 5: Study further the impact of the number of beam groups and the size of a beam group in the context of a beam management. 

Proposal 6: Investigate the impact of different BRSs design options, e.g. distributed vs. localized allocation, for beam detection, selection and feedback signalling. 
4
Conclusions
In this contribution, physical layer procedures for beam detection, selection and feedback signalling for NR system at higher carrier frequencies have been considered. 
Based on the discussions, the following observations have been made:

Observation 1: Physical layer procedures for beam detection, selection and feedback signalling are needed in NR system.
Observation 2: Periodically transmitted multi-beam beam references signals (BRS)s associated with a downlink sweeping subframe can provide a reference signal structure support for a beam detection and selection. 
Observation 3: Exploitation of beam reciprocity between uplink and downlink can reduce system overhead and complexity related to beam selection and feedback signalling.

Observation 4: Beam grouping enables to make actual implementation of RX/TX beams transparent for a network. 
Observation 5: By enabling multiple user specific beam groups to be detected at UE and reported to a base station, scheduling flexibility can be enhanced in the NR system. 
Observation 6: Beams per group includes N-“best” beams according to a criterion, e.g., signal strength/quality.  
Based on the dicussions, the following proposals have been made:

Proposal 1: Priorize beam reciprocity based beam detection, selection and feedback procedures for NR system.  

Proposal 2: UE physical layer procedures for beam detection and selection need to be transparent for a network with respect to actual implementation of TX and RX beamforming at UE.
Proposal 3: UE detects multiple beam groups and reports groups for a base station. Each beam group can consists of N-“best” beams determined either by the strength of signal level and by number of detected beams above a certain threshold. 
Proposal 4: Feedback signalling report for each beam group consists of logical beam index, strength/quality information and beam group index. 

Proposal 5: Study further the impact of the number of beam groups and the size of a beam group in the context of a beam management.

Proposal 6: Investigate the impact of different BRSs design options, e.g. distributed vs. localized allocation, for beam detection, selection and feedback signalling. 
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