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1. Introduction
For beam measurement and reporting, it has been agreed in [1] and [2] that 
Agreements:
· Aim for low-overhead indication for spatial QCL assumption to assist UE-side beamforming/receiving
· FFS details (e.g., tag-based where the tag refers to previous CSI-RS resources, BPL-based, referring to previous measurement reports, indication one resource (set) out of multiple resource (set)s configured by RRC, CSI-RS resource/port index based, etc.)
Agreements:
· NR supports CSI-RS configuration to support Tx and/or Rx beam sweeping for beam management conveying at least the following information
· Information related to CSI-RS resource configuration
· E.g., CSI-RS RE pattern, number of CSI-RS antenna ports, CSI-RS periodicity (if applicable) etc.
· Information related to number of CSI-RS resources 
· Information related to number of time-domain repetitions (if any) associated with each CSI-RS resource
· FFS: details of time-domain repetitions, e.g., signaling for time-domain repetitions may not be explicit
· FFS signaling details, e.g., explicit indication vs implicit indication
· Note this does not imply particular option (IFDMA or subcarrier scaling or DFT based) for sub time unit partition 
· FFS: whether different sub-time units have same or different ports
Agreements:
· Support spatial QCL assumption between antenna port(s) within a CSI-RS resource(s) and antenna port of an SS Block (or SS block time index) of a cell 
· The other QCL parameters not precluded 
· FFS: indication either explicit or implicit or  configurable or a default
· Note: default assumption may be no QCL
· Configuration of QCL for UE specific NR-PDCCH is by RRC and MAC-CE signalling
· Note that MAC-CE is not always needed
· FFS: necessity of DCI signalling
· Note: For example, DL RS QCLed with DMRS of PDCCH for delay spread, Doppler spread, Doppler shift, and average delay parameters, spatial parameters
In this contribution, we discuss the implication of beam measurement and reporting on interference management. 
2. Beam Collision
It has been shown in [3] that the use of beamforming opens a new dimension to effectively avoid the mutual interference due to possible beam collisions as shown in Fig. 1, where the same time/frequency resources are used by the beams of two TRPs. The beam collision can be symmetric as shown in Fig. 1(a), where the DL transmission from TRP 1 to UE U1 will generate interference to UE U2 which is associated with TRP 2, and vice versa, i.e., each TRP is a victim as well as an aggressor at the same time. The beam collision can also be asymmetric as shown in Fig. 1(b), where only TRP 2 generates interference to U1 associated with TRP 1 and therefore is an aggressor but TRP 1 will not generate interference to U2.   
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Fig. 1. Diagram of beam collision (a) Symmetric beam collision (b) Asymmetric beam collision.
When beam collision happens, the victim UE might not be able to decode the received signals with current modulation order and coding rate settings because of the increased interference level and might request the TRP to use lower order modulation and/or lower coding rate to maintain the connection. In order to avoid such situation, each TRP needs to configure/schedule its beams serving its own associated UEs in a coordinated manner and such coordination should be supported by beam measurement and reporting from the affected UEs. 
Observation 1: Beam collision could cause reduced transmission rate of the victim UE.
3. Interference Management
During the beam management procedure [4], UE needs to measure the signal strength of CSI-RS to find the best Tx beam and such measurement procedure can be used to facilitate interference management to avoid beam collision.
We assume, for simplicity, that each TRP only transmits to one UE at one time and there exists one to one correspondence between a pair of transmission beam and UE. Each TRP schedules DL transmission to its associated UEs in the sense that it generates a scheduling list (this is a UE list as well as a beam list since we assume one to one correspondence between a pair of beam and UE) within on scheduling cycle whose duration can be configured by upper layer. During one scheduling cycle, the TRP will switch its beam based on the scheduling list to serve its associated UEs sequentially and the switching could happen in every TTI, time slot, or even in symbol level depending on the scheduling granularity. It has been shown in [3] that two interference management schemes can be employed to the aforementioned avoid beam collision depending on different UE measurement capabilities
1) Passive beam coordination: Once UE detects the existence of an aggressor, a beam re-schedule request will be triggered.
2) Proactive beam coordination: In this scheme, beam management CSI-RS configuration information needs to be conveyed to the UE. Based on the current agreement, UE is not only able to detect the existence of an aggressor but also figure out the beam information pertinent to the aggressor.
In the first scheme, the re-scheduling is purely random without beam information or knowing the beam ID and therefore, beam collision avoidance cannot be guaranteed. On the contrary, in the second scheme, the beam information can be obtained by the UE and via UE reporting, the TRP can re-schedule the beams based on the reporting so that the beam collision avoidance can be guaranteed. Such procedure needs QCL association between UE-specific CSI-RS and NR-PDSCH.
Proposal 1: UE measurement and reporting in beam management should be explored to facilitate interference management to avoid beam collision.
4. Preliminary results
Preliminary evaluation results are illustrated in Fig. 2 by assuming 2 TRPs and 10 UEs per TRP. The inter-cell distance is 50 meters for high density deployment and the carrier frequency is 28 GHz. Here we show the 5% spectral efficiency, i.e., the focus is mostly on the UEs affected by interferences due to beam collision. It shows that with beam coordination, the spectral efficiency can be improved by almost 100%.


Fig. 2 Normalized 5% spectral efficiency (bps/Hz)
Observation 2: The performance of the UEs affected by strong interferences due to beam collision can be improved by exploring the UE measurement and reporting.
5. Conclusions
In this contribution, we have discussed interference management via beam scheduling based on beam measurement and reporting. We have the following observations and proposals.
Observation 1: Beam collision could cause reduced transmission rate of the victim UE.
Observation 2: The performance of the UEs affected by strong interferences due to beam collision can be improved by exploring the UE measurement and reporting.
Proposal 1: UE measurement and reporting in beam management should be explored to facilitate interference management to avoid beam collision.         
6. References
[bookmark: _Ref444081453][1] RAN1#89b Chairman’s Notes.
[2] RAN1#89 Chairman’s Notes.
[3] R1-1702930, Discussion on NR beam coordination, Samsung.
[4] R1-1709035, Beam measurement and reporting, Samsung.
Without Beam Coordination	1	With Beam Coordination	1.9316666666666666	Normalized Spectral Efficiency
image2.png




image1.png
L
TRP 1 u,

Uu

U
Y




