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Introduction
The study item on NR [1] aims to identify and evaluate technical solutions for next generation wireless systems operating on a wide range of bands at least up to 100 GHz. The following agreement was achieved in RAN1#86bis [2]:
Working assumptions:
· Beam management procedures can utilize at least the following RS type(s):
· RS defined for mobility purpose at least in connected mode
· FFS: RS can be NR-SS or CSI-RS or newly designed RS
· Others are not precluded
· CSI-RS:
· CSI-RS is UE-specifically configured
· Multiple UE may be configured with the same CSI-RS
· The signal structure for CSI-RS can be specifically optimized for the particular procedure
· Note: CSI-RS can also be used for CSI acquisition
· Other RS could also be considered for beam management such as DMRS and synchronization signals

Agreements:
· 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 this contribution, we present our views on beam grouping for beam management in multi-beam based NR systems.
What is beam grouping
Beam grouping technique in L1/L2 beam management is to divide the beams of one gNB into a few groups and configure the UE to measure and report the beam state information for beam management based on these beam groups.
NR system in high frequency band (e.g., > 6GHz) is expected to be multi-beam based system. Due to the large path loss and large penetration loss in high frequency band, the NR system will utilize multiple narrow beams to cover one cell. The beam could be analog beam formulated through phase shifter in RF chain or composite beam comprised through analog beamforming and digital beamforming. An example of an NR cell with multiple TRPs is shown in Figure 1. As illustrated in Figure 1, one cell has multiple TRPs and each TRP has multiple beams. The gNB uses all the beams to cover the whole cell area.
Each UE should be associated with one or more of those beams to obtain proper coverage and also reliable and high spectral efficient data link. Beam grouping technique is useful and even necessary for various scenarios. 
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Figure 1
One use case of beam grouping is to combat with blockages. mmWave transmissions are frangible to blockages. A passing truck can block the connection between the UE and TRP for a few seconds and result in link failure. Another blockage example is the human body movement which can suddenly block the connection between the TRP and a handheld UE. Beam grouping techniques can effectively assist quick connection recovery. The beams from different TRPs and different directions are partitioned into different groups. For example, the beams from one or a subset of TRPs are configured into one beam group. The beams in different groups can provide diversity to blockage from one direction. The TRP can associate the UE with one beam from every beam group. When it is detected that the beam from one group is blocked, the TRP and UE can switch to beam in another group which is expected to be not blocked and thus recover the connection quickly.
Another use case of beam grouping is the non-coherent Joint transmission (JT).  In non-coherent joint transmission, multiple TRPs transmit different codewords or layers of one MIMO transmission simultaneously to one UE. As in the example of Figure 2. The gNB transmit non-coherent JT to the UE through TRPs A, B and C. To achieve this, the gNB needs to be aware of the Tx beam combinations from TRPs A, B and C that are QCL’ed to the same Rx beam at UE side. Beam grouping technique is necessary in this scenario. The gNB can partition the beams into TRP-wise groups. Three beam groups are configured in the RS configuration for beam management. By the gNB’s implementation, the beams of TRP A are in group #1, the beams of TRP B are in group #2 and the beams of TRP C are in group #3. The UE reports the beams of three groups and one beam per group, which are QCL’ed to the same Rx beam. The gNB can use those beams to transmit non-coherent JT from TRPs A, B and C to the UE.

 
Figure 2
[bookmark: _GoBack]The beam grouping is also useful for the dynamic point selection (DPS) scenario. Consider the example in Figure 2. The gNB selects one TRP from TRPs A, B and C for the transmission to the UE #1. For the DPS, the system needs to be aware of the best beam of each individual TRP for the UE #1 and those beams are not necessarily to be QCL’ed to the same Rx beam. Similarly to the non-coherent JT, the gNB partitions the beams into TRP-wise beam group and the UE measures and reports the beam state information for each beam group.  
Observation #1: Beam grouping is useful and necessary in NR for some scenarios, including non-coherent JT, DPS and dealing with blockage.
Proposal #1: NR supports beam grouping for beam management.
Configuration of beam grouping
The beam management is based on the BRS and the CSI-RS [3]. The beam grouping can be configured through BRS and CSI-RS configuration.
BRS is cell-specifically configured and transmitted. The beam grouping configuration based on BRS can be cell-specific and/or UE-specific. 
In the CSI-RS configuration for beam management [4], the beam grouping can be based on the CSI-RS resources, time units in one CSI-RS or CSI-RS antenna port index. Consider an example in Figure 2, the gNB configures 3 CSI-RS resources and the gNB transmits the beams from TRP A in CSI-RS resource #1, the beams from TRP B in CSI-RS resource #2 and the beams from TRP C in CSI-RS resource #3. Each CSI-RS resource corresponds to one beam group. For the DPS transmission scheme, the gNB can configure the UE to report the best N beams of each CSI-RS resource. To cope with the blockage, the gNB can configure the UE to report the beam state information of best N ≥ 1 beams in each CSI-RS resource. For the non-coherent JT scheme, the gNB can configure the UE to report 3 beams from those 3 CSI-RS resource, which should be QCL’ed to the same Rx beam at UE #1.
Proposal #2: NR supports beam grouping configuration in the configuration of BRS and CSI-RS for beam management.   
The gNB can configure different measurement and reporting modes to the UE on the beam groups for different transmission scenarios, as illustrated in above example. One mode is the constraint measurement, in which the UE should measure and report the beams from different beam groups, which satisfy the constraint condition configured by the gNB. One example of the constraint condition is all those beams from different beam groups are QCL’ed the same UE Rx beam. Another mode is the unconstraint measurement, in which the UE should measure the report N best beams for each beam group separately.
Proposal #3: NR supports unconstraint and constraint measurement based on beam grouping for beam management. 
Conclusions
This contribution discusses the beam grouping for beam management in NR. In particular, the following are proposed:
Observation #1: Beam grouping is useful and necessary in NR for some scenarios, including non-coherent JT, DPS and dealing with blockage.
Proposal #1: NR supports beam grouping for beam management.
Proposal #2: NR supports beam grouping configuration in the configuration of BRS and CSI-RS for beam management.   
Proposal #3: NR supports unconstraint measurement and constraint measurement based on beam grouping for beam management. 
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