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Introduction
Pertinent agreements made on beam reporting in RAN1 NR Ad-Hoc [1] and #88 can be summarized as follows:
	Summary of agreements:
· UE measurement based on RS for beam management (at least CSI-RS)  composed of K (= total number of configured beams) beams and reporting measurement results of N selected beams:
· N is not necessarily fixed number 
· FFS: whether/how to configure and/or indicate the values of N
· Note: The above procedure based on RS for mobility purpose is not precluded.
· Reporting information at least include
· Measurement quantities for N beam (s) 
· FFS: Detailed reporting contents, e.g., CSI, RSRP or both
· FFS: How to select N beam(s)
· FFS: how to identify the subset
· Information indicating N DL Tx beam(s), if N < K
· 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, etc.
· 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



In this contribution, we address the beam measurement and reporting issues for beam management in NR. Specifically, we present our views on beam reporting contents and beam ID selection. 
Beam reporting
1 
Both CSI and RSRP are listed as potential measurement quantities for N beams. The purpose of beam measurement and report is to identify the set of beams in which the corresponding CSI-RS resource(s) for CSI measurement for a link or links can be further configured by the network. Depending on the deployment scenarios, the number of beams or the combination of beams that the network needs to consider can be large. It is well known that CSI measurement involves significantly more computation complexity and UE power consumption compared to RSRP measurement. Therefore, RSRP would have a significant advantage over CSI in this regard. In addition, it is not clear what additional benefit CSI measurement would bring at the stage of beam(s) selection. Even for the same set of measurement ports, CSI measurement also highly depends on the transmission schemes that should be assumed by the UE, while RSRP measurement can be agnostic to the transmission scheme. We might report RSRP for multiple CSI-RS resources/ports. To limit the overhead of reporting, low-resolution or differential RSRP can be considered. Low-resolution RSRP has larger step size than normal RSRP and thus less bits are needed for a RSRP value.
Proposal 1: CSI-RSRP is used as L1 measurement reporting for beam measurement.
It was agreed that the beam reporting should include the information of N Tx beams and measurement quantities for those N Tx beams. In our view, the UE should include the information of the beam ID information of N selected DL Tx beams and the information of CSI-RSRP of each of those N reported Tx beams. In one example, the beam reporting from one UE includes:
· N beam IDs: 
· N RSRPs , each of which is the RSRP for one of the reported beams.
Those information is useful for the TRP to select proper Tx beam for the downlink transmission to one UE. When the number of reported beams, N, is not small, overhead of beam reporting would be issue to the uplink resource, especially when the beam reporting is frequent. To reduce the overhead of beam reporting, we can consider the following mechanisms.
In the beam reporting, those N reported beam IDs can contain the ordering information of those reported beams. The ordering information of those N Tx beam IDs can indicates the relative L1 RSRP of those reported beams. For example, the UE reports the beam IDs  for N Tx beams and the ordering information in  indicates that beam  has the largest RSRP and beam  has the smallest RSRP among those reported beams. In the beam reporting, the UE can also report the largest RSRP and smallest RSRP, i.e., the RSRP of beam  and the RSRP of beam. That method can reduce the number of reported RSRP. The UE can also report the largest RSRP and the RSRP offset between beam  and one of other reported beam. To reduce the bits required for each reported RSRP value, we can consider to use low resolution RSRP for the beam reporting. For RSRP value range -140dBm to -44 dBm, 7 bits are needed for 1dB resolution while only 5 bits are needed for 4dB resolution. It is recommended to consider proper resolution for beam RSRP report. From our viewpoint, low resolution RSRP in beam reporting is sufficient for beam management.
Proposal 2: NR supports beam reporting includes the following contents:
· Ordering information of the reported beams in beam reporting
· Consider to report largest RSRP and smallest RSRP, largest RSRP and RSRP offset w.r.t the largest RSRP.
· Low resolution RSRP for beam reporting
Differential RSRP can be used to reduce the reporting overhead. The UE reports differential RSRP relative to a reference RSRP. The reference RSRP can be reported by the UE or the TRP can configure a reference RSRP to the UE. For the same RSRP range and resolution, different reference RSRP can lead to different bits needed for differential RSRP. For example, assuming that RSRP range -140dBm to -44dBm and RSRP resolution 1dB, the required number of bits for differential RSRP with respect to reference RSRP -140dBm, -105dBm, -75dBm, -60dBm are 7, 6, 5 and 4, respectively. Multi-reference RSRP configuration can be considered for the case of one gNB with a multiple-panel TRP or multiple TRPs. In multi-reference RSRP configuration, different reference RSRPs can be used in the beam reporting for different panels or different TRPs. The reason is that those panels or TRPs could have different levels of averaged beam RSRP range. The TRP or the UE can set the proper reference RSRP level for each panel or TRP according to beam RSRP range.
Multi-resolution RSRP can be used to further reduce the beam reporting overhead. Various resolution for differential RSRP can also be considered. Low resolution differential RSRP can reduce the signalling overhead of beam reporting. For example, if the reference RSRP is -140 dBm and the RSRP resolution of 1 dB is assumed, 7 RSRP bits are required to cover the whole range of RSRP values. But when the reference RSRP is -140 dBm and the RSRP resolution of 2 dB is used, only 6 RSRP bits are required. If the reference RSRP is -105 dBm and the resolution of 1 dB is used, 6 RSRP bits are required. But when the reference RSRP is -105 dBm and the resolution of 2 dB is assumed, only 5 RSRP bits are required. Multi-resolution RSRP is useful to further reduce the RSRP overheads. The resolution of differential RSRP can be determined by the beam management RS or beam being measured. For example, we can configure different RSRP resolution to the beam reporting for the active or serving beam and to the beam reporting for the inactive or non-serving beam. Whether or not the beam is considered active or not active can be determined by whether the beam is part of the beam the UE should use to monitor NR PDCCH or to receive PDSCH. The UE assumes a higher resolution of 1dB for the measurement of the serving beams or beam pair links and a lower resolution of 2 dB for measurement of the non-serving beams or beam pair links.
Proposal 3: NR supports multi-reference RSRP and multi-resolution RSRP mechanism for differential RSRP report. 
Discussion on beam ID
In beam state information reporting, the UE should at least report the ID information of one or more selected beams and the corresponding L1 measurement metric. There are two alternatives for beam ID/beam selection. Alt#1 is CSI-RS resource based method, in which one CSI-RS corresponds to one Tx beam. The UE can measure the CSI-RS transmission on a set of CSI-RS resources. Each CSI-RS resource corresponds to one Tx beam. The UE can measure the RSRP of each Tx beam, i.e., each CSI-RS transmission and then report N selected CSI-RS resource indices to report the information of selected beams. Alt #2 is CSI-RS resource index/antenna port based method. In this method, one subset of antenna ports in one CSI-RS resource corresponds to one Tx beam. The UE can measure the RSRP of each subset of antenna ports in one or more CSI-RS resources. The UE is configured with K CSI-RS resources and each CSI-RS resource has P antenna ports. In one CSI-RS resource, each one or subset of antenna port can correspond to one Tx beam. In this method, one CSI-RS resource can correspond to multiple Tx beams. The selection between these two methods has critical impact on the design for beam management. It is recommended to select from these two alternatives.
Proposal 4: Consider selecting from these two beam ID alternatives: Alt#1:CSI-RS resource based and Alt#2:CSI-RS resource/port based.
Periodic beam quality report
It is proposed to support a periodic beam quality report for the beam management. The UE can monitor the serving beam and report the quality information of serving beam to the gNB periodically. Based on the periodical beam quality report, the gNB can obtain a continuous monitoring on the serving beam and can predict the variation of serving beam. When the current serving beam is getting worse, the gNB can configure the UE to switch to a new beam before the serving beam is totally lost. The UE can monitor the quality of current serving beam based on measuring downlink RS for beam management. The periodic CSI reporting of beam quality information can be low-resolution beam quality to minimize overhead, e.g., low resolution beam RSRP. Such periodic CSI report on beam quality information would be useful to support UE mobility in multi-beam based system. When the UE moves in a multi-beam based system, the coverage beam can change gradually. Based on the periodic reporting, the gNB can switch the coverage beam for the UE smoothly without connection loss.
It is also useful in the scenario of beam failure recovery. Beam failure recovery mechanism can be UE-triggered (per RAN1 agreement). The UE can recognize a beam failure event based on measuring some downlink RS, control channel and/or data channel. One example for beam failure recognition is that the UE detects very low RSRP of the current serving beam based on the measurement of downlink RS used for beam management. If beam failure is recognized, the UE can notify the NW of this event through some uplink transmission. Then the gNB can act accordingly. The gNB can request the UE to switch to another beam. The gNB can configure some aperiodic beam reporting to the UE to obtain new beam reporting. One limitation of this approach is the beam recovery procedure is activated only when the beam fails. If the coverage beam fails, no downlink connection might be available for the gNB to signal the UE to switch new beams or report some new beam state. Thus radio link failure can occur to trigger the RRC connection re-establishment. So it is desired that the gNB and the UE can switch to a new beam before the current beam totally fails to avoid radio link failure. Some proactive recovery mechanism is therefore necessary. With the periodic beam quality reporting, the TRP can take some proactive action to switch the UE to a new beam before the serving beam fails totally.
Proposal 5: NR supports UE sending a periodic CSI reporting with beam quality:
Conclusions
In this contribution, Samsung’s view on beam measurement and reporting for beam management in new radio interface (NR) is presented. The following proposals are made:
Proposal 1: CSI-RSRP is used as L1 measurement reporting for beam measurement.
Proposal 2: NR supports beam reporting includes the following contents:
· Ordering information of the reported beams in beam reporting
· Consider to report largest RSRP and smallest RSRP, largest RSRP and RSRP offset w.r.t the largest RSRP.
· Low resolution RSRP for beam reporting
Proposal 3: NR supports multi-reference RSRP and multi-resolution RSRP mechanism for differential RSRP report.
Proposal 4: Consider selecting from these two beam ID alternatives: Alt#1: CSI-RS resource based and Alt#2: CSI-RS resource/port based.
Proposal 5: NR supports UE sending a periodic CSI reporting with beam quality:
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