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Introduction
Beam management for NR was discussed in RAN1 NR AH [1] and the following agreements have been reached:  
· For reception of DL control channel, support indication of spatial QCL assumption between an DL RS antenna port(s), and DL RS antenna port(s) for demodulation of DL control channel 
· FFS: signaling method 
· Note: Indication may not be needed for some cases:
· For reception of DL data channel, support indication of spatial QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel 
· FFS: which DL RS(s) to use for this purpose
· Different set of DMRS antenna port(s) for the DL data channel can be indicated as QCL with different set of RS antenna port(s)
· Option 1: Information indicating the RS antenna port(s) is indicated via DCI
· FFS: whether the information indicating the RS antenna port(s) will be assumed only for the scheduled “PDSCH” or until the next indication
· Option 2: Information indicating the RS antenna port(s) is indicated via MAC-CE, and will be assumed until the next indication
· Option 3: Information indicating the RS antenna port(s) is indicated via a combination of MAC CE and DCI
· At least one option is supported
· FFS: whether to support either or both options
· FFS: whether the information indicating the RS antenna port(s) for DMRS ports for DL control channel also applies to DMRS ports for DL data channel
· Note: Indication may not be needed for some cases.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Additionally, group-based beam management for NR was also discussed [2] and the following agreements have been reached:  
· Group based beam management is to be further studied:
· Definition of beam grouping:
· Beam grouping = for TRP(s) or UE to group multiple Tx and/or Rx beam(s) and/or beam pair(s) into one subset of beams 
· FFS detailed mechanisms for beam grouping, reporting, beam-group based indication for beam measurement, beam-based transmission or beam switching, etc.
· Some examples can be found in R1-1610891 and R1-1609414
In light of these, this contribution further elaborates beam management including use cases and approaches for NR-MIMO.
Beam management considering different use cases
In NR, multi-beam based operation is supported at both TRP and UE sides. Given the pre-specified beam patterns exist, beam management, which generally targets to identify the optimal pattern for data transmission in real time, should be considered in beam-based transmission with the following four typical cases as shown in Figure 1: 
· Case 1: Beam pair(s) acquisition 
· Case 2: Beam pair(s) based transmission
· Case 3: Beam pair(s) maintenance (or gradual changing)
· Case 4: Alternative beam based switching (or abrupt changing)


[bookmark: _Ref462838375]Figure 1 Beam management scenarios
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For Case 1: The TRP and UE are to sweep the selective beams and subsequently determine the one or multiple beam pairs corresponding to significant paths. These training results would become the resource pool of beam pairs for control/data channels.
For Case 2: The TRP and UE select the pairs for control/data transmission according to the results of beam pair(s) acquisition in case 1. Other selected pairs can be considered as alternatives, e.g., against the unexpected blockage, in the following two cases.
For Case 3: Owing to possible UE rotation and movement, the TRP and UE need to update or maintain their transmission pair(s) via gradual sweeping/refinement. The serving beam pair is updated after more suitable beam is found.
For Case 4: When channel blockage occurs, the procedures listed in Case 3 would not be sufficient since the current link has been dramatically degraded. The TRP and UE would indicate the beam pair(s) from alternative pool(s) for subsequent transmission pair, after probing these candidates in order to prevent outage.  
Observation 1:  The typical cases of beam management consist of beam pair(s) acquisition, beam pair(s) based transmission, beam pair(s) maintenance and alternative beam based switching, all of which should be considered in NR-MIMO.
Beam management considering channel properties
Design of beam management should consider impact of channel properties. Some parts of which are shown in Figure 2 deriving from indoor real-field channel measurement, where the half-power beamwidth of probing Tx/Rx beam is 15 degree. The following observations are derived:
· Multiple paths with significant power are sparsely distributed in spatial domain.
· Desirable beam pairs (with dominant received power) are cluster-alike around dominant propagation paths.
· Channel properties with regards to those closed beam pairs are highly correlated.
Consequently, in order to achieve spatial multiplexing, diversity, beam maintenance and alternative beam related indication, these correlations of channel properties (including channel response, angles of arrival and departure, QCL and TA.) for these pairs should be explicitly or implicitly indicated in beam management, to be more specific, involving beam reporting, determination and indication.  Some more details can be found in [3].
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[bookmark: _Ref462682940]Figure 2 Received RSRP for probing beam pair
Proposal 1:  Support at least one of the following aspects associated with correlation of channel properties (including angles of arrival and departure, channel response, QCL and TA. Others are not precluded) among Tx-Rx beam(s) 
· Beam reporting
· Beam determination 
· Beam indication
In the following sub-sections, high level design aspects considering these typical channel properties are discussed.
Multi-level beam acquisition
Based on aforementioned observations, multi-level (hierarchical) beam pair(s) acquisition to select of TRP/UE(s) own beam(s) have been analyzed thoroughly as a recommended solution for NR MIMO [4].  Beams with different resolutions can be used in different levels. e.g.
· Level 1 – using beams with low resolution to cover a spatial area
· Level 2 – using beams with high resolution for limited number of beam groups  
· Transmission of the 2nd level beam reference signals can be based on reporting of the first level.  Beam grouping can be used to connect between these two levels.
Multi-level beam search can effectively reduce overhead and complexity of beam acquisition. We have compared the complexity and performance of multi-level beam sweeping/search with exhaustive search approach in [5].   
Proposal 2:  Multi-level beam acquisition is supported to reduce overhead and complexity of beam searching.
Group-based beam management
Considering transparency and efficiency of multiple beam operation, beam grouping should be considered in NR system design [6]. To be more specific, the beam pair(s) found in the acquisition procedures can be divided into various groups according to pre-specified principles, i.e., sharing the same channel properties, like angles of arrival and departure, QCL parameters and TA. Beam grouping can be considered at TRP side or UE side, e.g. TRP groups the beams with similar channel properties seen from TRP side and UE groups the beams with similar channel properties seen from UE side.
· Group-based beam indication can reduce signalling/feedback overhead and allows certain flexibility of using beams within a group for transmission/reception.
· Group-based beam maintenance can be done such that beam tracking within a group can be supported in more transparent manner.  
· Group-based beam switching can be supported when multiple beam groups are maintained, which means that beam recovery can be achieved via switching grouping instead of re-initiating initial access procedure in the case of link failure and/or blockage for NR.
Grouping allows certain flexibility on using beams for transmission/reception while it reduces overhead and complexity of beam management.  Some details on grouping based beam management can be found in [6]. Besides, some more details on beam indication and beam-related UE reporting are discussed in [7] and [8], respectively. Additionally some details on beam recovery are discussed in [9]. Beam management for control channel is discussed in [10], where the concept of sharing beam resource pool for control and data channels is proposed. Evaluation results for beam grouping are presented in [11], which demonstrates its effectiveness and performance gains. 



[bookmark: _Ref462843642]Figure 3 Beam pair(s) grouping 
Proposal 3:  Group based beam management is supported to reduce overhead of beam reporting and indication while allowing the flexibility on beam transmission/reception.

Beam management considering multi-TRP transmission
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Unified beam management framework should be considered for beam management from one or multiple TRPs, taking into account ultra-dense deployment of TRPs.  Coordination among TRPs would further enhance the stability and data rate of the link, especially for improving the coverage of cell-edge UEs as shown in Figure 4.  In addition, it is expected spatial multiplexing is better supported by multi-TRP transmission to achieve higher degree of freedom for above 6GHz.  Meanwhile, interference among different UEs can be mitigated accordingly. 
The following study points should be considered for coordination of multiple TRPs in initial phase:
· The identity of coordinated TRPs e.g. whether the same or different ID is used, i.e., cell ID and virtual cell ID and how it affects the reference signals
· Whether TRPs within the coordination set should be synchronized
Whether ideal backhaul and fronthaul should be assumed
· In beam acquisition procedures, beam-specified time offset should be measurable at UE sides.
· QCL assumption e.g. flexible configuration of QCL assumption for grouping and management procedures.
More details on Multi-TRP transmission/coordination are discussed in [12].



[bookmark: _Ref462891622][bookmark: _Ref462891610]Figure 4 Coordinated multi-point transmission/reception in NR 
Proposal 4:  Unified beam management framework should be considered for beam management for intra-TRP or inter-TPR beam management
Conclusion
This contribution provides our observations and proposals for beam management: 
Observation 1:  The typical cases of beam management consist of beam pair(s) acquisition, beam pair(s) based transmission, beam pair(s) maintenance and alternative beam based switching, all of which should be considered in NR-MIMO.
Proposal 1:  Support at least one of the following aspects associated with correlation of channel properties (including angles of arrival and departure, channel response, QCL and TA. Others are not precluded) among Tx-Rx beam(s) 
· Beam reporting
· Beam determination 
· Beam indication
Proposal 2:  Multi-level beam acquisition is supported to reduce overhead and complexity of beam searching.
Proposal 3:  Group based beam management is supported to reduce overhead of beam reporting and indication while allowing the flexibility on beam transmission/reception.
Proposal 4:  Unified beam management framework should be considered for beam management for intra-TRP or inter-TPR beam management
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