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Introduction
Pertinent agreements made on beam management in RAN1 NR Ad-Hoc [1] and #88 can be summarized as follows:
	Summary of agreements:
· A UE can be configured with the following high layer parameters for beam management:
· N≥1 reporting settings, M≥1 resource settings
· The links between reporting settings and resource settings are configured in the agreed CSI measurement setting
· CSI-RS based P-1 & P-2 are supported with resource and reporting settings
· P-3 can be supported with or without reporting setting  
· A reporting setting at least including
· Information indicating selected beam(s)
·  L1 measurement reporting
· FFS details (e.g., based on RSRP or CSI, etc.)
· Time-domain behavior: e.g. aperiodic, periodic, semi-persistent
· Frequency-granularity if multiple frequency granularities are supported
· A resource setting at least including
· Time-domain behavior: e.g. aperiodic, periodic, semi-persistent
· RS type: NZP CSI-RS at least
· At least one CSI-RS resource set, with each CSI-RS resource set having K≥1 CSI-RS resources
· FFS whether or not support >1 CSI-RS resource set per resource setting
· Some parameters of K CSI-RS resources can be the same, e.g. port number, time-domain behavior, density and periodicity if any
· Further discussion whether or not the mechanism for CSI acquisition framework can be applicable
· NR supports the following beam reporting considering L groups where L>=1 and each group refers to a Rx beam set (Alt1) or a UE antenna group (Alt2) depending on which alternative is adopted. 
· For each group l, UE reports at least the following information:
· Information indicating group at least for some cases
· FFS: condition(s) to omit this parameter e.g. when L=1 or Nl=1
· Measurement quantities for Nl beam (s)
· Support L1 RSRP and CSI report (when CSI-RS is for CSI acquisition)
· FFS: the details of RSRP/CSI derivation and content
· FFS: Other reporting contents, e.g., RSRQ  
· FFS: Configurability between L1 RSRP and CSI report
· FFS: whether or not to support differential L1 RSRP feedback
· FFS: How to select Nl beam(s) e.g max Nl beams in terms of received power being above a certain threshold or in terms of correlation less than a certain threshold
· Information indicating Nl DL Tx beam(s) when applicable
· FFS: the details on this information, e.g., CSI-RS resource IDs, antenna port index, a combination of antenna port index and a time index, sequence index, beam selection rules for assisting rank selection for MIMO tx, etc.
· This group based beam reporting is configurable per UE basis.
· This group based beam reporting can be turned off per UE basis e.g. when L=1 or Nl=1
· NOTE: No group identifier is reported when it is turned off 
· FFS: how L is determined. e.g. by network configuration or UE selection or UE capability e.g. how many beams can be received simultaneously
· FFS: how is configured using the CSI framework to support multi-panel or multi-TRP transmission
· For the signal(s) utilized for beam management (BM) for P1/P2/P3, study further whether it is UE-specific vs. non-UE-specific
· RAN 1 should support common configuration framework for beam management and CSI acquisition



In this contribution, we address the beam measurement and reporting issues for beam management in NR. Specifically, we present our views on beam measurement and reporting for the use cases of TRP with multiple panels and multi-TRPs. 
Beam reporting for multi-panel/multi-TRP
NR would have various deployment scenarios. One TRP can have one or more transmit antenna panels. One gNB can have one or more TRPs. The beam management in NR is required to handle all those possible deployment scenarios. Consider one TRP with two transmit antenna panels, as shown in Figure 2. Multiple transmit beams with different spatial direction can be formed on each panel. The TRP would need to pick one beam from each panel to transmit the downlink control channel or data channel to one UE. The TRP can use the two beams from two panel to transmit single-port data to the UE. The TRP can also use two beams from two panels to transmit a rank-2 transmission from both panels. To aid TRP’s choice, the UE needs to report at least one beam for each panel. Of course, the TRP can send CSI-RS from one panel and configure the UE to measure and report one ‘best’ beam for that panel. Then the TRP can select the Tx beams for both panels based on the beam reporting on measuring only one panel. That might work in some cases, for instance those two panels are closely co-located and rank-1 transmission. However in a general scenario, the ‘best’ beam on the first panel might not be the ‘best’ beam on the second panel, for instance, when two panels do not face the exact same direction or are not closely co-located. Another example is rank-2 transmission from both panels. In this scenario, the TRP would select beams pointing to different spatial directions from both panels so that two layers sent from two panels has large spatial separation. Therefore, the TRP needs to send CSI-RS from both panels and the UE needs to measure and report the beam for each individual panels. In the configuration of CSI-RS used for beam measurement and reporting, the UE should be aware of the partition of beams among all K beams conveyed in the RS. The UE should know which subset of those K beams are the beams from same one panel and the UE should select at least one best beam from them. If no such partition information, the UE configured to report N = 2 beams can report best two beams that are both from a single TRP panels, the network would not be able to obtain the desired information. 
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Figure 1: Beam measurement for multi-panel TRP
Observation 1: To support multi-panel TRP beam management, we need to partition the beams conveyed in beam management RS based on the TRP antenna panels and the UE needs to measure and report beam information based on such partition.   
Similar requirement is also needed for multi-TRP scenario. Consider an example shown in Figure 2. Multi-TRP transmission is supported between TRP1/TRP2 and UE A. The transmission scheme can be non-coherent Joint transmission from two TRPs, coherent joint transmission or DPS (dynamic point selection). For any of those possible transmission schemes, the UE needs to measure and report the ‘best’ beam for each TRP involved in the multi-TRP transmission. In the example of Figure 2, the UE A needs to measure and report at least one beam from ten transmit beams for both TRP 1 and TRP 2. Similarly to multi-panel case, in the configuration of CSI-RS used for beam measurement and reporting, the UE should be aware of the partition of beams among all K beams conveyed in the RS. The UE should know which subset of those K beams are the beams from same one TRP and the UE should select at least one best beam from them for each panel.
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Figure 2: Beam measurement for multi-TRP
Observation 2: To support multi-TRP beam management, we need to partition the beams conveyed in beam management RS based on the TRP and the UE needs to measure and report beam information based on such partition.   
Based on the above discussion and observations, we make the following propose:
Proposal 1: To enable multi-panel or multi-TRP beam measurement, NR supports configuring K TRP Tx beams into multiples groups and UE should report the measurement results of N ≥ 1 selected beams from each Tx beam group. 
Tx beam grouping configuration 
To support Tx beam grouping, the configuration of RS for beam measurement needs to include the Tx beam partition information. It has been agreed that CSI-RS will be used for beam management and RAN1 should support common configuration framework for beam management and CSI acquisition. In the configuration of CSI-RS for beam management, the Tx beam grouping information can be indicated by the following methods.
To configure Tx beam grouping, the TRP can configure two resource settings, resource setting A and resource setting B. In each resource setting, multiple CSI-RS resources are configured and each CSI-RS resource can correspond to one Tx beamformer. Each resource setting can correspond to one Tx beam group. These two resource settings are linked two one CSI reporting setting. The CSI reporting setting configures the UE to measure CSI-RS resources in both resource setting and report one or more CSI-RS resource indices for both resource setting. There is another alternative for beam ID method. A subset of antenna port in one CSI-RS resource can correspond to one Tx beam. The antenna ports across multiple CSI-RS resources can be used to configure the Tx beam grouping. For instance, one CSI-RS resource with four antenna ports {0, 1, 2, 3}. CSI-RS antenna ports 0/1 correspond to one Tx beam and CSI-RS antenna port 2/3 correspond to another Tx beam. The TRP can configure K CSI-RS resources with antenna ports {0, 1, 2, 3}. The antenna ports 0/1 of all K CSI-RS resource can be the first Tx beam group. The antenna ports 2/3 of all K CSI-RS resources can be the second Tx beam group.  
Proposal 2: NR should support Tx beam grouping configuration in the CSI-RS for beam management.
Conditioned measurement and reporting
To measure and report beam state information based on the CSI-RS with Tx beam group configuration, the UE should follow some constraint condition on how to measure and select Tx beams. That is motivated by various deployment scenarios and transmission schemes in multi-panel TRP and multi-TRP.
To simply the discussion, consider an example of 2-TRP transmission shown in Figure 3. Both TRP 1 and TRP 2 have ten Tx beams. The UE A has three Rx beams. The CSI-RS for beam measurement has two beam groups. Beam group 1 contains the Tx beams from TRP 1 and beam group 2 contains the Tx beams from TRP2. The UE A should measure the beams and report one ‘best’ beam for each beam group, i.e., each TRP. For the DPS transmission scenario, the UE can measure the Tx beams and report the ‘best’ beam for each TRP independently. In the example of Figure 3, the Tx beam 4 of TRP1 and Rx beam 1 of UE A provides the largest RSRP among all the Tx-Rx beam links between TRP 1 and UE A; the Tx beam 16 of TRP 2 and Rx beam 3 of UE A provides the largest RSRP among all the Tx-Rx beam links between TRP 2 and UE B. For DPS transmission, the UE can report Tx beam 4 for beam group 1 and Tx beam 16 for beam group 2.
In contrast, the beam reporting for non-coherent joint-transmission scenario should be different. The UE cannot report Tx beam 4 and Tx beam 16 because they are ‘best’ beam with respect to different Rx beams. If the network choose Tx beam 4 and 16 to transmit downlink data to UE A, the UE A does not which Rx beam should be used for reception. For non-coherent joint-transmission, the UE should measure the select Tx beams of both TRPs which are ‘best’ with respect to the same Rx beam. For instance, the UE can measure the sum-RSRP of each beam pair {i, j} (beam i from TRP 1 and beam j from TRP 2) by assuming to use the same Rx beam to receive these two Tx beams and then the UE can report the beam pair { i0, j0 } that results in the largest sum-RSRP. In the example shown in Figure 3, the beam pair {5, 16} and Rx beam 2 provide the largest sum-RSRP. The TRP can select beam 5 for TRP 1 and beam 18 for TRP 2 for the non-coherent transmission to UE A and the UE A can select beam 2 to receive the transmission.
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Figure 3 Conditioned measurement and reporting
Another use case is that TRP 1 chooses one Tx beam to send data to UE A while TRP 2 chooses one Tx beam that does not cause much interference to UE A. To support this use case, UE A needs to report one beam pair {i, j} (beam i from TRP 1 and beam j from TRP 2), in which the beam i is the ‘best’ Tx beam and beam j is the ‘worst’ Tx beam with respect to the same one Rx beam. 
Observation 3: The UE needs to apply different beam measurement and selection criterion for different transmission scenarios. 
  To support different beam measurement and selection behaviors at the UE for various deployment scenarios, we need to configure the proper measurement and beam reporting method to the UE. The UE can select ‘best’ beam independently for each Tx beam groups configured in CSI-RS for beam management. The UE can also select ‘best’ beams jointly for all the Tx beam groups. 
Proposal 3: NR should support conditioned beam measurement and reporting.
Conclusions
In this contribution, Samsung’s view on beam measurement and reporting for beam management in new radio interface (NR) is presented. The following observations and proposals are made:
Observation 1: To support multi-panel TRP beam management, we need to partition the beams conveyed in beam management RS based on the TRP antenna panels and the UE needs to measure and report beam information based on such partition.   
Observation 2: To support multi-TRP beam management, we need to partition the beams conveyed in beam management RS based on the TRP and the UE needs to measure and report beam information based on such partition.   
Observation 3: The UE needs to apply different beam measurement and selection criterion for different transmission scenarios. 

Proposal 1: To enable multi-panel or multi-TRP beam measurement, NR supports configuring K TRP Tx beams into multiples groups and UE should report the measurement results of N ≥ 1 selected beams from each Tx beam group. 
Proposal 2: NR should support Tx beam grouping configuration in the CSI-RS for beam management.
Proposal 3: NR should support conditioned beam measurement and reporting.
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