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1	Introduction
The following agreements related to beam grouping and reporting have been taken in RAN1#90 [1]:
Agreements:
· Support L1-RSRP reporting of measurements on SS block for beam management procedures
· The following configurations for L1-RSRP reporting for beam management are supported 
· SS block only (with mandatory support by UE)
· CSI-RS only (with mandatory support by UE)
· SS block + CSI-RS independent L1 RSRP reporting
· Joint L1-RSRP using QCL-ed SS-block + CSI-RS is optionally supported by UE (with optionally support by UE)
Agreements:
· Support the following for group based beam reporting, if group based beam reporting is configured:
· In a beam reporting instance, a UE can be configured to report N different Tx beams that can be received simultaneously
· Note: UE may report N or fewer beams in a given reporting instance
· N is configured by the gNB where N<= Nmax
· Nmax depends on UE capability
· FFS:  how to define the UE capability
· N =2 is supported. Further study {4,8}
· Notes: Information indicating group is not required to be reported in Rel-15
· Note: 
· From the perspective of Alt-1, the UE reports one group with N Tx beams.
· From the perspective of Alt-2, the UE reports N group with one Tx beam per each group.
· Note: Mechanisms to reduce UE complexity for beam pair search should be further studied

Agreements:
· At least for non-grouping based beam reporting, taking the following parameter values for further consideration
· For maximal TX beam numbers for a UE to measure for a given reporting instance: candidate value is, e.g., around K = [64]
· For maximal TX beam numbers reported by a UE per reporting instance are, e.g., N = [1, 2, 4, 8]
· For L1-RSRP levels, candidate value is, e.g., around [100]
· Considering maximal L1-RSRP range, e.g., from X dBm to Y dBm
· Considering step-size of L1-RSRP, e.g., Z dB
· Companies are encouraged to evaluate/analyze appropriate values considering
· P1, P2, and P3 procedures
· The values could be different for aperiodic reporting, and semi-persistent/periodic reporting if supported
· The values could be different for PUCCH and PUSCH based reporting, if supported
· CSI-RS and/or SS-block related measurement/reporting



2	Discussion on Reporting Modes
In previous meeting, it was agreed that L1-RSRP reporting for beam management can be based on three options, namely, SS-block only, CSI-RS only and SS block + CSI-RS independent options. In this section, different aspects of beam reporting modes and their configurations based on SS-block and CSI-RS are considered. 
For CSI-RS based beam reporting, CSI-RS resource set(s) and K-resources with up to 2 APs within each resource set are user-specifically configured by RRC. A network configures resource mapping between APs and TX beams. Based on the configured resource sets and associated resources, UE can report candidate TX beams by indicating the set of CSI-RS resource indices with CSI-RS resource indicator (CRI). 
For SS-block based beam reporting, in connected mode UE is assumed to be aware of SS-block time allocation and associated SS-block indexing. Therefore, UE is assumed to report candidate TX beams via SS-block indices.  
Figure 1 shows an illustration of the utilization of different beam reporting modes. Different reporting modes and required resources may be pre-configured user-specifically via RRC signalling. Each of the reporting modes can be configured to be periodic/semi-persistent or aperiodic. The beam reports can be done by either using MAC CE or via physical uplink control channel. Due to possibility to carry larger payload size with MAC CE signalling, the intention is mainly to use MAC CE for the full scale beam reports and then update full scale beam reports with differential or partial beam reports. Naturally, the applicability of this approach is subjected to considered scenario and configuration. By leveraging of the combination of differential and partial reporting modes feedback signalling overhead can be significantly reduced with respect to full beam reporting mode. 
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[bookmark: _Ref476265131]Figure 1. An illustration of the utilization of different beam reporting modes.
Observation 1: To support flexibly different beam management scenarios with reduced signalling overhead, it is usefull to support in NR different beam reporting modes, i.e. full and differential.
Observation 2: Due to possibility to carry larger payload size with MAC CE signalling, it is reasonable to use MAC CE for the full scale beams reports and then update full scale beam reports with differential beam reports with layer 1 control channel, i.e. PUCCH.
3	Full and Differential Beam Reporting Modes
In this section, full and differential beam reporting options based on SS-block and CSI-RS are discussed.
3.1  Full Multi-level Reporting Mode
Figure 2 shows an example of full multi-level based beam report computing for Alt-1 beam group reporting mode. It is worth noting that same reporting scheme can be used also for Alt-2. For the full multi-level based beam report computation, the maximum RSRP and minimum RSRP values over all beam groups are used for the computation power resolution window with the number of power resolution levels K=2n is used to compute uniform power resolution window for a reported differential RSRP values, where n is the number of bits for power levels. More specifically, K-1 different power resolution window values can be computed between maximum and minimum RSRP values where each power resolution window can be calculated as: = (maxj({RSRPi})- minj({RSRPi }))/(K-1), where operator {} defines a set of values. As a result of a common power resolution window for all groups, RSRP values over different beam groups become comparable in terms of power and granularity. Each of RSRP value can be rounded to the closest power resolution level leading to quantized RSRP relative power offset values to be generated. As a result of this, only offset values from the maximum power level needs to be reported for each TX beam in the form of CRI and SS-block index. The beam report can transmitted via physical user-specific uplink control channel, i.e. PUCCH, or as a part of PUSCH MAC CE. 
The set of different relative power resolution levels can be configured user specifically via RRC signalling for measurement configuration. Alternatively, a network can also pre-configure absolute power resolution levels without imposing UE to compute them dynamically. 
By using reported beam group feedback, beam group-specific quantized RSRP values can be reconstructed at gNB as follows: 
· The maximum RSRP value is used as a reference value for the computation of rest of RSRP values 
· For each reported CRI or SSB index corresponding quantized RSRP value is obtained by subtracting the product of offset bits (in 10-base system) and power resolution window from the maximum RSRP value  

The full beam reporting mode can be as summarized as: 
Full reporting mode for Alt-1 and Alt-2 group based beam reporting:  
· Maximum RSRP value in dB over beam groups is included into report. Note: # beam groups ≥1 only supported for Alt-2. 
· Relative power resolution window,, fixed over different beam groups [dB] is used. 
· For N TX beams n-bit relative power offset from the maximum RSRP value over beam groups. Note: For Alt-2 N=1 per group is only supported. 
· N CRIs or SSB indices per group are included into the report. 
· Note: For Alt-2 group reporting, the order of reported power offsets and CRIs/SSB indices implicly define group index     
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[bookmark: _Ref476135124]Figure 2. An example of full multi-level based beam reporting with N=4. 

Observation 3: By reporting relative power offset values, differential RSRP values from the maximum RSRP value can be recovered at gNB.

Observation 4: Full-multi-level beam reporting can provide efficient and flexible way to encapsulate relevant beam related information for beam management.

3.2  Differential Multi-level Reporting Mode
To reduce further signalling overhead related to beam reporting, a differential beam group reporting mode is considered that enables to track L-new TX beams. Here, L-new TX beams refers to beams that have not being part of previously reported TX beams. Figure 3 shows an example of multi-level differential beam report for N-previously reported TX beams allowing to track L <N new TX beams per group. 

Differential beam reporting mode can be as summarized as: 
· Differential beam reporting mode with L<N new TX beams for Alt-1 and Alt-2 group based beam reporting:   
· Maximum RSRP value in dB over beam groups is included into report. Note: # beam groups ≥1 only supported for Alt-2.
· For N TX beams n-bit relative power offset from the maximum RSRP value over beam groups (network has configured the mapping of TX beams into N positions). Note: For Alt-2 N=1 per group is only supported.
· A bit vector with the length of N-bits to indicate new TX beam positions, i.e. 1=new and 0=old. Note: For Alt-2 the length of bit vector is equal to # beam groups. 
· N CRIs or SSB indices per group are included into the report. 
· Note: For Alt-2 group reporting, the order of reported power offsets and CRIs/SSB indices implicly define group index.    
· Power window can be defined to enable the tracking of L new TX beams, i.e. CRIs/SSB indices not being part of previous beam report, being within the power window. The power window is configured by defining  power threshold values above and below of the maximum RSRP value. Note: this functionality is not shown in Figure 3. 
· Furthermore, the differential beam group reporting can be configured to report only L new beams, i.e. CRIs/SSB indices, and their power offsets.
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[bookmark: _Ref476870405]Figure 3. An example of multi-level differential beam report with capability to track L=2 new TX beams. 
Observation 5: Multi-level differential beam reporting can enable the tracking of L-new TX beams that not being part of previously reported TX beams. N-bit vector is needed in the report for the indication of new CRIs/SSB index positions. Furthermore, new CRI/SSB indices and their related power-offset are needed to be reported.

Observation 6: Multi-level differential beam reporting can reduce feedback signalling overhead with respect to the full mode.










Proposal 1: Support different beam RSRP reporting modes, i.e. full and differential by using MAC CE and layer 1 control signalling.
Proposal 2: Support full multi-level beam RSRP report that consists of the following information:
· Maximum RSRP value in dB over beam groups is included into report
· Relative power resolution window,, fixed over different beam groups [dB] is used. 
· For N TX beams n-bit relative power offset from the maximum RSRP value over beam groups. 
· N CRIs or SSB indices per group are included into the report. 
· Note: For Alt-2 group reporting, the order of reported power offsets and CRIs/SSB indices implicly define group index.     

Proposal 3: Support differential multi-level beam report that consists of the following information:
· Maximum RSRP value in dB over beam groups is included into report.
· For N TX beams n-bit relative power offset from the maximum RSRP value over beam groups (network has configured the mapping of TX beams into N positions). 
· A bit vector with the length of N-bits to indicate new TX beam positions, i.e. 1=new and 0=old. Note: For Alt-2 the length of bit vector is equal to # beam groups. 
· N CRIs or SSB indices per group are included into the report. 
· Note: For Alt-2 group reporting, the order of reported power offsets and CRIs/SSB indices implicly define group index.    
· Power window can be defined to enable the tracking of L new TX beams, i.e. CRIs/SSB indices not being part of previous beam report, being within the power window. The power window is configured by defining  power threshold values above and below of the maximum RSRP value. 
· Differential beam group reporting can also be configured to report only L new beams, i.e. CRIs/SSB indices, and their power offsets.

4	Conclusions
In this contribution, the different beam reporting aspects of UE based beam grouping for NR system have been considered. 
Based on the discussions, the following observations have been made:
Observation 1: To support flexibly different beam management scenarios with reduced signalling overhead,  it is usefull to support in NR different beam reporting modes, i.e. full and differential.
Observation 2: Due to possibility to carry larger payload size with MAC CE signalling,  it is reasonable to use MAC CE for the full scale beams reports and then update full scale beam reports with differential beam reports with layer 1 control channel, i.e. PUCCH.
Observation 3: By reporting relative power offset values, differential RSRP values from the maximum RSRP value can be recovered at gNB.

Observation 4: Full-multi-level beam reporting can provide efficient and flexible way to encapsulate relevant beam related information for beam management.

Observation 5: Multi-level differential beam reporting can enable the tracking of L-new TX beams that not being part of previously reported TX beams. N-bit vector is needed in the report for the indication of new CRIs/SSB index positions. Furthermore, new CRI/SSB indices and their related power-offset are needed to be reported.

Observation 6: Multi-level differential beam reporting can reduce feedback signalling overhead with respect to the full mode.
Based on the dicussions, the following proposals have been made:
Proposal 1: Support different beam RSRP reporting modes, i.e. full and differential by using MAC CE and layer 1 control signalling.

Proposal 2: Support full multi-level beam RSRP report that consists of the following information:
· Maximum RSRP value in dB over beam groups is included into report
· Relative power resolution window,, fixed over different beam groups [dB] is used. 
· For N TX beams n-bit relative power offset from the maximum RSRP value over beam groups. 
· N CRIs or SSB indices per group are included into the report. 
· Note: For Alt-2 group reporting, the order of reported power offsets and CRIs/SSB indices implicly define group index.     

Proposal 3: Support differential multi-level beam report that consists of the following information:
· Maximum RSRP value in dB over beam groups is included into report.
· For N TX beams n-bit relative power offset from the maximum RSRP value over beam groups (network has configured the mapping of TX beams into N positions). 
· A bit vector with the length of N-bits to indicate new TX beam positions, i.e. 1=new and 0=old. Note: For Alt-2 the length of bit vector is equal to # beam groups. 
· N CRIs or SSB indices per group are included into the report. 
· Note: For Alt-2 group reporting, the order of reported power offsets and CRIs/SSB indices implicly define group index.    
· Power window can be defined to enable the tracking of L new TX beams, i.e. CRIs/SSB indices not being part of previous beam report, being within the power window. The power window is configured by defining  power threshold values above and below of the maximum RSRP value. 
· Differential beam group reporting can also be configured to report only L new beams, i.e. CRIs/SSB indices, and their power offsets.
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