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1. Introduction

One of objective in NR study is to consider frequency ranges up to 100 GHz [1]. Since it is suffered higher path loss in higher frequency bands (> 6GHz), the cell coverage in higher frequency bands is reduced without enhancing antenna gain. TRP(s) using beamforming with larger antenna arrays to increase antenna gain would be one key technique to increase cell coverage. Moreover, antenna gain could be further improved if beamforming is also used by UEs.
This contribution discusses operations related to beam management and focuses on those with RAN2 impact.
2. Discussion

It was agreed in RAN2#94 meeting that there are two levels of network controlled mobility [2]:
	Agreements

Two levels of network controlled mobility:

1: RRC driven at 'cell' level.

2: Zero/Minimum RRC  involvement (e.g. at MAC /PHY) 

FFS what is the definition of a cell


It is our understanding that zero/minimum RRC involvement corresponds to beam level mobility. In other words, management of beam level mobility is agreed to be controlled by network.
Beam level mobility may be caused by UE movement, UE rotation, beam blockage, or scheduling decision [3]. To handle beam level mobility due to the mentioned causes, network controlled beam management is used to:

(a) measure beam(s) to determine qualified beam(s), e.g. with good radio quality,
(b) select beam candidate(s), that is possible to be used for transmission and/or reception, from the qualified beam(s) by network, e.g. also considering beam congestion, UE distribution, or etc.,
(c) align the understanding of beam candidate(s) between UE and network. 
TRP beams and/or UE beams should be managed depending on whether TPR beamforming and UE beamforming are used.
Proposal 1:
Beam management includes measurement, selection, and alignment of TRP beams and/or UE beams.
It is agreed in RAN1#86 that different channel reciprocity assumptions would be considered in NR [4]:

	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


With TX and RX channel reciprocity (or called TX/RX beam correspondence), either UL measurement by network or DL measurement by UE would be sufficient to find qualified TX and RX beam(s). Without TX and RX channel reciprocity, both UL measurement and DL measurement would be required. So, both UL measurement and DL measurement for beam management should be supported and controlled by network.
Proposal 2:
NR supports both UL measurement and DL measurement for beam management.

2.1 Beam measurement
For UL measurement, network needs to know whether the UE supports UE beamforming or not, number of UE beams, or etc. in order to configure proper resources for the UE to transmit UE beam specific signals, e.g. SRS, for beam measurement. So, the UE needs to provide its capability related to UE beamforming to network. After network is aware of UE beamforming capability, whether to enable UE beamforming or not is up to network decision.
Proposal 3:
UE provides UE beamforming capability to network.
Proposal 4:
Whether to enable UE beamforming in connected state is controlled by network.
For DL measurement, since the UE needs to detect and measure TRP beam(s) via TRP beam specific signals and reports measured results to network, e.g. periodically or aperiodically, network should configure the UE about where to measure the TRP beam specific signals. In order to prevent signaling overhead, network could also configure a threshold for UE to determine which measured result(s) should be reported. The report is used to help network timely determine whether beam change is required. So, the report should be transmitted reliably, via MAC signaling, to prevent communication interruption.
Proposal 5:
UE reports beam measurement result(s) to network via MAC signaling.
2.2 Beam selection and alignment
After measuring the UE beam specific signals and/or receiving beam measurement reports from the UE, network could determine and select which beam candidate(s), associated with the same or different TRPs, is qualified and is possible to be used for the UE. And selection of beam candidate(s) would be up to network implementation.
To align the understanding between UE and network about which beam candidate(s) is possible to be used for transmission and/or reception, network needs to reliably inform the UE about beam candidate(s) selected by network, e.g. via MAC signaling, to prevent communication interruption. The selected beam candidate(s) could be more than one, e.g. for transmission reliability, scheduling flexibility, or etc. Then, the UE could further measure channel quality of the beam candidate(s) and provide feedback, e.g. CQI, for network to perform proper scheduling.
Proposal 6:
Network informs UE, via MAC signaling, about beam candidate(s) where UE should measure and report channel quality.
Since network has complete information for scheduling decision, beam(s) among the beam candidate(s) exactly used to serve the UE for transmission and/or reception is controlled by network.
In summary, an example for network controlled beam management is shown as below:
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Figure 1: An example for beam management
3. Conclusion

Network controlled beam management is discussed and has the following observation and proposals with RAN2 impact:
Proposal 1:
Beam management includes measurement, selection, and alignment of TRP beams and/or UE beams.
Proposal 2:
NR supports both UL measurement and DL measurement for beam management.

Proposal 3:
UE provides UE beamforming capability to network.
Proposal 4:
Whether to enable UE beamforming in connected state is controlled by network.
Proposal 5:
UE reports beam measurement result(s) to network via MAC signaling.
Proposal 6:
Network informs UE, via MAC signaling, about beam candidate(s) where UE should measure and report channel quality.
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