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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 use of periodically transmitted multi-beam reference signals in downlink sweeping subframes for enabling RX beam training at the UE side.
2
Motivation

Different propagation conditions at low and high carrier frequencies targeted for NR system, i.e. (< 6GHz and > 6GHz), lead to a need to leverage different antenna array architectures at the eNB and the UE. To circumvent pathloss problems at higher carrier frequencies, i.e. > 6GHz with NR system, relatively large antenna array gains may be required for transmission and reception at both the base station and the UE.

To exploit available antenna array beamforming gains, a basic principle is to perform alignment, i.e. trainining, of the transmitter and receiver beams with each other. In contrast to digital RX beamformer training, only a single beam direction can be received with one RX analog beamformer. As a result, the training capability of the analog beamformer can be heavily limited, which leads to increased latency and inefficient utilization of hardware resources at the UE. Furthermore, additional implementation specific constraints, e.g. the time required to change beamformer weights, may impose extra challenges for UE RX beamformer training in NR system.   

Observation 1: Compared to a digital beamformer, the training flexibility/capability of an analog beamformer is heavily limited by its wideband nature and implementation-specific constraints, which lead to increased latency and inefficient utilization of UE hardware resources. 
In our companion paper [2], a periodically transmitted downlink multi-beam sweeping subframe concept and discovery block have been introduced to provide reference signal and channel support for beam based common control plane functionalities, e.g. time-, and frequency synchronization, cell detection, and broadcasting of system information . Furthermore, periodic sweeping subframes also provide reference signal support, i.e. beam reference signals (BRS), for the identification of downlink beams.
From the perspective of a system design, UE beamforming and related explicit training based on aperiodic signals may cause a large amount of signalling overhead and extra latency in the NR system. (especially with large number of UEs) Therefore, it is reasonable to firstly consider and understand the potential limits of leverage periodic BRSs in NR system.  
Observation 2: Beam training may introduce a large amount of signaling overhead and extra latency for the NR system.

To reduce system overhead and complexity related to beam selection and feedback signalling, it is reasonable to leverage beam/channel reciprocity between uplink and downlink beams as much as possible in NR system. By leveraging beam reciprocity, uplink beams at the UE can be obtained based on the training  from downlink beams. Naturally, it is assumed that the number of TXRU chains is the same for uplink and downlink , and it is also assumed that the TX and RX chains and the antenna array are calibrated.
Observation 3: The exploitation of beam reciprocity between uplink and downlink can reduce the system overhead and complexity required by beam training at the UE.
3 Beam Training based on Periodical Signals


In this section, different options for exploiting periodically transmitted BRSs in downlink sweeping subframes are considered for beam training. 
3.1 
BRS based Beam Training

Figure 1 shows an example of RX beam training with 4 TX and 2 RX beams based on periodically transmitted DL BRSs over different sweeping subframe symbols.  At each sweeping subframe symbol, a hypothesis is made on candidate RX beams to be aligned with TX beams according to an implementation specific metric.  The capability to make multiple hypotheses at one symbol time instant is limited by the signal structure of BRS, hardware resources and implementation specific constraints, potentially leading to a large latency and complexity associated with the RX beamformer training. 
Observation 4: The signal structure of BRS, hardware resources and implementation specific constraints impact the latency and computational complexity of RX beam training.  
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Figure 1. An example of RX beam training based on downlink BRSs with 4 TX and 2 RX beams.

Proposal 1: Investigate further different BRS signal structures for beam training and tracking. 
3.2  BRS based Beam Training with Network Assistance
To enhance periodical BRS based beam training, e.g. in terms of latency and UE computational complexity, assistance information on the a set of downlink beams in the spatial domain can be signalled to a UE as a part of sweeping discovery signal, defined in [2] and shown in Figure 2. The spatial characteristics of downlink beams associated with a sweeping sub-frame define a beam cluster. By exploiting the clustering information provided by a network, UE can generate clustering of DL beams and use generated clustering for its RX and/or TX beamformer training. Therefore, UE is able to perform more reliable and efficient training of a RX beamformer compared to a situation without any a priori information.
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Figure 2. An example of beam training assistance information as a part of downlink sweeping sub-frame.
Observation 5: The exploitation of assistance information related to beam clustering can reduce latency and computational complexity associated with UE beamformer training.

Figure 3 provides an example of UE RX beamformer training with beam clustering assistance information associated with downlink beams in azimuth and elevation domains. Here, different small circle line types (continuous, dash, dot) indicate downlink beams transmitted in the same discovery block, and large circles indicate RX beams. DL beams #1, #7, #3 form the first spatial cluster, beams #13, #9, #15 form the second, and beams #3,#16, #5 form the third one. By using this information, the UE has awareness of the DL TX beams for which the UE could utilize the same (or close) RX beams. Here, beam training for RX beam#1 exploit the first cluster, the beam training for RX beam#2 exploits the second cluster, and the beam training for RX beam#4 exploits the third cluster.  
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Figure 3. An example of UE RX beamformer training with assistance information. Different small circle line types (solid) indicate TX beams transmitted in the same discovery block. RX beams are marked with large circles. 
Proposal 2: Investigate further network assistance information that would aid UE RX beam training in conjunction with periodic downlink sweeping subframes for the NR system

Proposal 3: Priorize the investigation of periodically transmitted downlink signals for beam training and tracking in the NR system. 

4
Conclusions
In this contribution, the different approaches for the leveraging of periodically transmitted downlink BRSs in conjunction with sweeping subframe for UE RX beam training in the framework of NR system have been considered.
Based on the discussions, the following observations have been made:

Observation 1: Compared with a digital beamformer, the training flexibility/capability of an analog beamformer is heavily limited by its wideband nature and implementation-specific constraints, which lead to increased latency and inefficient utilization of UE hardware resources. 
Observation 2: Beam training may introduce a large amount of signaling overhead and extra latency for the NR system.

Observation 3: The exploitation of beam reciprocity between uplink and downlink can reduce the system overhead and complexity required by beam training at the UE.

Observation 4: The signal structure of BRS, hardware resources and implementation specific constraints impact the latency and computational complexity of RX beam training.  
Observation 5: The exploitation of assistance information related to beam clustering can reduce latency and computational complexity associated with UE beamformer training .

Based on the dicussions, the following proposals have been made:

Proposal 1: Investigate further different BRS signal structures for beam training and tracking. 
Proposal 2: Investigate further network assistance information that would aid UE RX beam training in conjunction with periodic downlink sweeping subframes for the NR system.
Proposal 3: Priorize the investigation of periodically transmitted downlink signals for beam training and tracking in the NR system. 
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