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Introduction
Pertinent agreements made on beam reporting in RAN1 NR Ad-Hoc #1[1], RAN1 #88 [2] and NR Ad-Hoc#2 [3] 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.
· Study L1-RSRP reporting of multiple beams considering
· Differential L1-RSRP for multiple beams
· Reference RSRP for L1-RSRP differential report,e.g., predefined or configurable
· Bit-width of reporting, 
· Number of groups/beams per group 
· UCI design of the beam reporting, 
· FFS: Other issues
· 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. 
Beam measurement reporting
1 
Beam reporting is an essential required feature for beam management in NR. One UE measures the quality of K Tx beams by measuring the CSI-RS transmission supporting Tx beam sweeping and then reports a few selected Tx beams to the NW. The TRP needs such reported information to determine the Tx beam for PDSCH and PDCCH transmission to one UE.
Regarding the measurement metric, we think L1-RSRP of CSI-RS resource is good choice for beam management. Both CSI and L1-RSRP can be considered as candidate measurement metric for multiple Tx beams. Depending on the deployment scenarios, the number of candidate Tx beams for UE to measure and select from can be large. The CSI measurement generally involves more computation complexity and UE power consumption compared to L1-RSRP measurement. Joint optimization beam management and CSI acquisition could introduce significant complexity increasing, especially in the scenario where the TRP has multiple Tx panels and the gNB has multiple TRP.      
Proposal 1: L1-RSRP is used as L1 measurement reporting for beam measurement.
The gNB can transmit K Tx beams, for example, through multiple CSI-RS resources for the UE to measure. The UE measures the L1-RSRP of all those CSI-RS resources and then selects one or more preferred CSI-RS resources and reports its selection back to the NW. If the UE only reports one selected Tx beam, the UE can report the RS resource index corresponding to the selected Tx beam. The UE can also report the L1-RSRP measured from the selected RS resource and the corresponding UE Rx beam used to measure that selected Tx beam.
If the UE is configured to report N > 1 selected Tx beams, the UE needs to report N RS resource indices corresponding to those N selected Tx beams. The UE also needs to report the L1-RSRP measurement information of those reported Tx beams to assist the gNB to select beams from the reported beams for downlink transmission. One option is that the UE reports the beam ID information and L1-RSRP value of all N selected Tx beams. Assume 6 bits are needed for one beam ID information and 7 bits are needed for one L1-RSR value. The overhead of beam reporting containing N selected Tx beams is N×6 + N×7 bits.
One method to reduce the overhead for beam report containing N selected Tx beam is to let the UE report differential L1-RSRP. The UE can report absolute L1-RSRP for one beam of those N reported Tx beams and then use that L1-RSRP as reference RSRP to report the differential RSRP of all other N-1 Tx beams. Assume 3 bits is are needed for differential RSRP. Then the overhead of beam reporting is reduced to N×6 + N×3 bits. 
The UE can report the beam ID and L1-RSRP information for N selected Tx beam as the following method:
· Those N RS resource indices reported for N selected Tx beams are sorted in the reporting to reflect the relative RSRP between those Tx beams. The UE reports , where  is the first 6 bits,  is the second 6 bits and  is the last 6 bits in the N×6 bits that are used to report N beam IDs.  is the beam ID with the largest L1-RSRP,  is the beam ID with the second largest L1-RSRP, and so on so forth.
· The UE report L1-RSRP measurement information: .  is the L1-RSRP of beam  and  is used as the reference RSRP for all the other beams.  is the differential RSRP of beam .  is the differential RSRP of beam .
  
One advantage of the above reporting method is there is no error accumulation effect because the reference RSRP and differential RSRPs are transmitted in the same one feedback report. Sorting beam ID delivers more information to the gNB without introducing any extra overhead. Thus we make the following proposal:
Proposal 2: NR supports the following methods for beam reporting of N selected Tx beams:
· Sorting N reported beam IDs based on the L1-RSRP values. 
· Reporting the largest L1-RSRP among reported beams
· Using the largest L1-RSRP as reference RSRP and reporting the differential RSRP of other beams 
Instead of reporting RSRP information of all N reported Tx beams, we can also consider to report the information of RSRP range among those reported Tx beams to further reduce the overhead. One example is the UE reports the largest L1-RSRP and smallest L1-RSRP among those N reported Tx beams. By this method, the bit payload of beam reporting can be reduced to N×6 + 2×7 bits. When the number of reported Tx beams is large, we can expect obvious overhead reduction.
To reduce the overhead of beam L1-RSRP reporting, we can also consider the differential RSRP along time. MAC-CE can be used to configure a reference RSRP and the UE reports the differential RSRP with respect to the reference RSRP configured by MAC-CE. 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 signaling overhead of beam reporting. 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. More detailed discussion and operation on that is given in companion contribution [4].
Proposal 3: NR supports MAC-CE based reference RSRP configuration, and multi-reference RSRP and multi-resolution RSRP mechanism for differential RSRP report. 
Periodic beam reporting
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 4: NR supports UE sending a periodic beam reporting.
UE side group-based beam reporting
UE-side group-based beam reporting has been discussed in quite a few meetings. Basically, in group-based beam reporting, one UE can report one or more groups of Tx beams to the TRP. There could be one or multiple Tx beams in each reported group. Regarding the relationship between Tx beams reported in the same reporting group, two alternatives are considered. Alt#1 is called as Rx beam set-based reporting. In Alt#1, each reporting group corresponds to one UE Rx beam and all the Tx beam contained in the same reporting group can be received by the same Rx beam set. In other words, the UE will use the same Rx beam to receive the downlink signal transmitted by the TRP using any one or more Tx beams in that reporting group. In Alt#2, each reporting group correspond to one UE Rx antenna panel and the Tx beams contained in the same reporting group can be received by different Rx beam on that Rx antenna panel. In our view, Alt#1 has the use case for multi-panel TRP, multi-TRP transmission and multi-BPL PDCCH transmission. Alt#1 does not rely on the particular hardware implementation at UE side, in contrast, Alt#2 rely on each UE’s Rx antenna implementation critically. More detailed discussion and comparison can be found in companion contribution [5]. 
 Proposal 5: NR supports Alt#1 (Rx beam set-based) for UE side group-based beam 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 proposals are made:
Proposal 1: L1-RSRP is used as L1 measurement reporting for beam measurement.
Proposal 2: NR supports the following methods for beam reporting of N selected Tx beams:
· Sorting N reported beam IDs based on the L1-RSRP values. 
· Reporting the largest L1-RSRP among reported beams
· Using the largest L1-RSRP as reference RSRP and reporting the differential RSRP of other beams 
Proposal 3: NR supports MAC-CE based reference RSRP configuration, and multi-reference RSRP and multi-resolution RSRP mechanism for differential RSRP report. 
Proposal 4: NR supports UE sending a periodic beam reporting.
Proposal 5: NR supports Alt#1 (Rx beam set-based) for UE side group-based beam reporting.
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