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1	Introduction
An objective of the 5G study item [1] is to identify and develop technology components needed for new radio (NR) systems being able to use any spectrum band ranging at least up to 100 GHz. The goal is to achieve a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2].
RAN1#86 made the following agreements for DL beam management [3]:
	Agreements: The following DL L1/L2 beam management procedures are supported within one or multiple TRPs:
· P-1: is used to enable UE measurement on different TRP Tx beams to support selection of TRP Tx beams/UE Rx beam(s)
· For beamforming at TRP, it typically includes a intra/inter-TRP Tx beam sweep from a set of different beams
· For beamforming at UE, it typically includes a UE Rx beam sweep from a set of different beams
· FFS: TRP Tx beam and UE Rx beam can be determined jointly or sequentially
· P-2: is used to enable UE measurement on different TRP Tx beams to possibly change inter/intra-TRP Tx beam(s)
· From  a possibly smaller set of beams for beam refinement than in P-1
· Note: P-2 can be a special case of P-1
· P-3: is used to enable UE measurement on the same TRP Tx beam to change UE Rx beam in the case UE uses beamforming
· Strive for the same procedure design for Intra-TRP and inter-TRP beam management
· Note: UE may not know whether it is intra-TRP or inter TRP beam 
· Note: Procedures P-2&P-3 can be performed jointly and/or multiple times to achieve e.g. TRP Tx/UE Rx beam change simultaneously
· Note: Procedures P-3 may or may not have physical layer procedure spec. impact
· Support managing multiple Tx/Rx beam pairs for a UE
· Note: Assistance information from another carrier can be studied in beam management procedures
· Note that above procedure can be applied to any frequency band
· Note that above procedure can be used in single/multiple beam(s) per TRP
· Note: multi/single beam based initial access and mobility treated within a separate RAN1 agenda item



Related to different reciprocity assumptions in beam management procedures the following agreements were reached [3]:
	Agreements:
· Consider different channel reciprocity assumptions in beam management procedures 
· At a TRP or UE, with TX and RX channel reciprocity (full or partial) (e.g., beam reciprocity), TX beam (or RX beam) can be obtained from RX beam (or TX beam) to reduce overhead and latency
· Without TX and RX channel reciprocity, beam management procedure may require TX and RX beam sweeping in both DL and UL links
· RAN1 study different methods of determining Tx and Rx beam(s) for communication on one link direction (uplink or downlink), e.g.,
· Joint determination: Tx beam and Rx beam are determined jointly
· Separate determination: Tx beam or Rx beam are determined sequentially. 
· Multi-stage determination: for instance, coarse Tx-Rx beam determination followed by fine Tx-Rx beam determination
· Study beam management procedure with and without explicit signaling of beam(s) or beam group(s) used for transmission



Finally, the scope of the beam management from mobility perspective is intra-cell mobility, i.e. beam level mobility within a cell as described in [4]: 
[image: ]
2	Beam acquisition methods
In this section we further discuss different methods of determining TRP TX and RX beam(s) for communication in downlink and uplink for different reciprocity assumptions. 
2.1	Reciprocity case
As captured in the above agreements, “At a TRP or UE, with TX and RX channel reciprocity (full or partial) (e.g., beam reciprocity), TX beam (or RX beam) can be obtained from RX beam (or TX beam) to reduce overhead and latency”. 
NR system is one-to-many system where one cell (one or multiple TPRs) serves multiple UEs at a time. To minimize the overhead required for beam search and alignment between BS beams and beams of each UE, an asymmetric approach is considered where the beam procedures rely on the BS side beam sweeping in broadcast manner and where the BS beams are identifiable in the system. In other words, beam management procedures are anchored to BS beams that are advertised over time. 
Upon detection of BS beams, the UE measures the strength of BS beams of the serving cell as a continuous process, and provides measurement results to the BS. Based on the UE feedback, the BS determines the serving BS DL and UL beam(s) for the UE. The procedure comprises updating the set of beams that can be used to serve the UE.
The beam management procedure involves dedicated signalling between BS and UE for:
· [bookmark: _GoBack]Downlink signals for detecting and measuring BS DL beams to be used for both DL and UL at BS
· providing beam measurements result to the BS by the UE
· configuring serving BS beam(s) for the downlink control
· configuring candidate serving BS beam(s) for the downlink data
· configuring candidate serving BS beam(s) for the uplink control and data
Beam management procedures are preferably built upon downlink beam reference signal transmissions uniquely identifying BS beams of the serving cell. Detecting and measuring BRSs the UE would be able to track intra-cell beams for the purpose of beam level mobility. BS may transmit such signals at least periodically as depicted in the Figure 1 on periodical downlink sweeping subframes. That periodical BRS would also be basis for initial BS DL and UL beam acquisition in initial access. 



[bookmark: _Ref462666017]Figure 1 Illustration of periodic beam specific signals.
Proposal 1: Support downlink Beam Reference Signals (BRSs) uniquely identifying BS beams of the serving cell as basis for beam management procedures in reciprocity case for both DL and UL BS beam selection.
2.2	Non-reciprocity case
As captured in the above agreements, “Without TX and RX channel reciprocity, beam management procedure may require TX and RX beam sweeping in both DL and UL links”.
Also in non-reciprocity case the DL BRS would be basis for DL BS beam management. However, as the reciprocity does not hold, and linkage between DL and UL cannot be made and hence for UL BS beam management, two non-mutually exclusive (from specification perspective) options are identified:
1. Define UL signal for UL beam sweeping at BS
2. Utilize digital subsystem receiver at BS

In option 1, a UE would be configured to transmit certain UL reference signal multiple times to the BS. The signal can be e.g. PRACH preamble or SRS type signal. In any case, UL sweeping operation is required. 
In option 2, a BS may be equipped with a narrowband digital subsystem RX e.g. for DoA estimation from UL signal without needing UL sweeping operation. To support this setup along the utilization of hybrid architecture, UL reference signal to determine BS UL beam for the UE should support narrowband option. 
Above options are illustrated in 
[image: ]
Figure 2 Options for BS UL beam selection in non-reciprocity case. 
Observation 1: In non-reciprocity case, use of digital subsystem RX at BS can enable TRP RX beam acquisition without explicit UL sweeping operation. 
Proposal 3: UL reference signal to determine BS UL beam for the UE should support narrowband option. 

3	Conclusions 
In this contribution relation between reciprocity assumptions and beam management procedures are discussed. Based on discussion the following proposal is made:
Proposal 1: Support downlink Beam Reference Signals (BRSs) uniquely identifying BS beams of the serving cell as basis for beam management procedures in reciprocity case for both DL and UL BS beam selection.
Observation 1: In non-reciprocity case, use of digital subsystem RX at BS can enable TRP RX beam acquisition without explicit UL sweeping operation. 
Proposal 3: UL reference signal to determine BS UL beam for the UE should support narrowband option.
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Figure: A taxonomy of procedures.
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