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1	Introduction
The following agreements related to beam grouping and reporting have been agreed in RAN1#89-ah2 [1]:
Agreements:
· RAN1 to study the relation (if any) between a measurement and/or reporting on a reference signal and a subsequent beam indication for beam management purposes
· Study the indicator(s) used for PDCCH and PDSCH 
· Study whether there is a relationship between the indicator types e.g. same type of indicator or different types
· 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

2	Discussion on Beam Reporting Options
In this section, different aspects of beam reporting are considered. More specifically, different reporting modes and configurations are discussed. 
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. Then, the used reporting mode and corresponding resources are indicated dynamically for a UE via downlink/uplink grant via DCI. Each of the reports can be configured to be periodic/semi-persistent or aperiodic. The beam reporting 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 beams reports and then update full scale beam reports with differential or partial beam reports. Different beam report modes have been described in detailed earlier in this sub-section.  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, partial 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 or partial beam reports with layer 1 control channel, i.e. PUCCH.
Due to UE beam grouping, only RX beam group ID need to be signalled in downlink or uplink grant to enable awareness of potential beam combination in downlink and uplink. As a result of this, signalling overhead related to beam indication can be reduced. 
Observation 3: By using RX beam based UE beam grouping, signalling overheads related to beam report as well as downlink/uplink beam indication can be reduced.  Furthermore, due to  the nature of UE based beam grouping, i.e. several TX beams observed with a single or set of RX beam(s), overall beam based operation can be relaxed. 
Figure 2 shows an example of full multi-level based beam report computation for TX beam index reporting. 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.  Here, the set of different relative power resolution levels can be pre-configured user specifically via RRC signalling and an intended specific value of K can be dynamically indicated via downlink or uplink grant via DCI. Alternatively, a network can also preconfigure absolute power resolution levels without imposing UE to compute them dynanmically.  Now, each of RSRP values can be rounded to the closest power level and corresponding quantized RSRP relative power offset bit-level information can be generated. As a result of this, only offset values from the maximum power level are reported for each TX beam index. The beam feedback can transmitted via physical user-specific uplink control channel, i.e. PUCCH, or as  a part of PUSCH  MAC CE. 
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 TX beam 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 required parameters of beam reporting can be as summarized as:
· Alt#1:  Beam report for TX beam indices 
· Beam reporting consists of
· Common for all groups
· Maximum RSRP value over beam groups [dB]
· Relative power resolution window,, fixed over different beam groups [dB]. 
· For each beam/antenna panel group
· Beam group ID
· For N TX beams n-bit relative power offset from the maximum RSRP value over beam groups 
· N-TX beam indices represented with Q-bits
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[bookmark: _Ref476135124]Figure 2. An example of full multi-level based beam report for two beam groups. 

Observation 4: By reporting relative power offset values, differential RSRP values from the maximum RSRP value can be recovered at gNB.

Observation 5: Full-multi-level beam reporting can provide efficient and flexible way to encapsulate relevant beam related information for beam management.


Figure 3 shows an example of multi-level differential beam report for  N-previously reported TX beam indices allowing to track L <N new TX beam indices per group. The target of this beam reporting format is to enable the tracking of L-new TX beams that were not as part of previously reported TX beams. 
· Alt#2:   Multi-level differential beam report  for N-previously reported TX beam indices with TX beam tracking capability of L <N new TX beams 
· Multi-level differential beam reporting consists of
· Common for all beam groups
· Maximum RSRP value over beam groups [dB]
· For each beam group
· For N  TX beams n-bit relative power offset from the maximum RSRP value over beam groups (network has configured the mapping of TX beam indices to N positions) 
· L m-bit new TX beam positions  (2m bit combination available where codeword with m zeros is reserved to indicate no new beam in a group) 
· L new TX beam indices not being part of previous beam report, where L<N  
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[bookmark: _Ref476870405]Figure 3. An example of multi-level differential beam report with capability to track L new TX beams for each two beam groups. 
Observation 6: Multi-level differential beam reporting can enable the tracking of L-new TX beams that not being part of previously reported TX beams. Only new TX beam indices and their related power-offset values  as well asl their position information need to be reported.

Observation 7: Multi-level differential beam reporting can reduce signalling overhead with respect to the full  mode.

Figure 4 shows an example of multi-level partial beam report for  N- previously reported TX beam indices allowing to track L <N new strongest TX beam indices per group. The target of this beam reporting format is to enable the tracking of L-new strongest TX beams that were not as part of previously reported TX beams. It is worth noting that beam report does not need to contain position information because only L new strongest TX beams are reported resulting further reduced signalling overhead.  By using reported relative power offset value information, gNB is able to associate reported new TX beams to reported beam positions.  
· Alt#3:   Multi-level partial beam report  for N- previously reported TX beam indices with tracking TX beam tracking capability of L <N new strongest TX beams  
· Multi-level differential beam reporting consists of
· Common for all beam groups
· Maximum RSRP value over beam groups [dB]
· For each beam group
· For N  TX beams n-bit relative power offset from the maximum RSRP value over beam groups (network has configured the mapping of TX beam indices to N positions) 
· L new strongest  TX beams in terms of RSRP  not being part of previous beam report, where L<N  
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[bookmark: _Ref476914795]Figure 4 An example of multi-level based partial  beam report with a capability to track L new strongest TX beams for each two beam groups.
Observation 8: Multi-level partial beam reporting can enable the tracking of L-new strongest TX beams that not being part of previously reported TX beams. Only L-new strongest TX beams and their related power-offset values need to be reported.

Observation 9: Multi-level partial beam reporting can further reduce signalling overhead with respect to the differential mode.


Proposal 1:  To enable specification support multi-TX beam reception for RX beam set based feedback, feedback information needs to include the capability to simultaneously use multiple RX beam sets. 
Proposal 2: Support different beam reporting modes, i.e. full, differential and partial by using MAC CE and layer 1 control signalling.
Proposal 3: To support flexibly different beam management scenarios with reduced signalling overhead,  NR needs to support different reporting modes, i.e. full, partial and differential.
Proposal 4: Support full multi-level beam report that consists of the following information:
· Common for all groups
· Capability to simultaneously use multiple beam groups
· Maximum RSRP value over beam groups [dB]
· Relative power resolution window,, fixed over different beam groups [dB]. 
· For each beam/antenna panel group
· Beam group ID
· For N TX beams n-bit relative power offset from the maximum RSRP value over beam groups 
· N-TX beam indices represented with Q-bits

Proposal 5: Support differential multi-level beam report that consists of the following information:
·  Common for all beam groups
· Capability to simultaneously use multiple beam groups
· Maximum RSRP value over beam groups [dB]
· For each beam group
· For N  TX beams n-bit relative power offset from the maximum RSRP value over beam groups 
· L m-bit new TX beam positions  
· L new TX beam indices not being part of previous beam report, where L<N  


Proposal 6: Support partial multi-level beam report that consists of the following information:
· Common for all beam groups
· Capability to simultaneously use multiple RX beam groups
· Maximum RSRP value over beam groups [dB]
· For each beam group
· For N  TX beams n-bit relative power offset from the maximum RSRP value over beam groups (network has configured the mapping of TX beam indices to N positions) 
· L new strongest  TX beams in terms of RSRP  not being part of previous beam report, where L<N  

Proposal 7: Support signalling of UE beam group ID as a part of downlink and uplink grants.


3	Conclusions
In this contribution, the different beam reporting aspects of UE based beam grouping for NR system at higher carrier frequencies 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, partial 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 or partial beam reports with layer 1 control channel, i.e. PUCCH.
Observation 3: By using RX beam based UE beam grouping, signalling overheads related to beam report as well as downlink/uplink beam indication can be reduced.  Furthermore, due to  the nature of UE based beam grouping, i.e. several TX beams observed with a single or set of RX beam(s), overall beam based operation can be relaxed. 
Observation 4: By reporting relative power offset values, differential RSRP values from the maximum RSRP value can be recovered at gNB.

Observation 5: Full-multi-level beam reporting can provide efficient and flexible way to encapsulate relevant beam related information for beam management.

Observation 6: Multi-level differential beam reporting can enable the tracking of L-new TX beams that not being part of previously reported TX beams. Only new TX beam indices and their related power-offset values  as well asl their position information need to be reported.

Observation 7: Multi-level differential beam reporting can reduce signalling overhead with respect to the full  mode.

Observation 8: Multi-level partial beam reporting can enable the tracking of L-new strongest TX beams that not being part of previously reported TX beams. Only L-new strongest TX beams and their related power-offset values need to be reported.

Observation 9: Multi-level partial beam reporting can further reduce signalling overhead with respect to the differential mode.

Based on the dicussions, the following proposals have been made:
Proposal 1: Support signalling of RX beam set ID as a part of downlink and uplink grants.
Proposal 2:  To enable specification support multi-TX beam reception for RX beam set based feedback, feedback information needs to include the capability to simultaneously use multiple RX beam sets. 
Proposal 3: Support different beam reporting modes, i.e. full, differential and partial by using MAC CE and layer 1 control signalling.
Proposal 4: To support flexibly different beam management scenarios with reduced signalling overhead,  NR needs to support different reporting modes, i.e. full, partial and differential.
Proposal 5: Support full multi-level beam report that consists of the following information:
· Common for all groups
· Capability to simultaneously use multiple beam groups
· Maximum RSRP value over beam groups [dB]
· Relative power resolution window,, fixed over different beam groups [dB]. 
· For each beam/antenna panel group
· Beam group ID
· For N TX beams n-bit relative power offset from the maximum RSRP value over beam groups 
· N-TX beam indices represented with Q-bits

Proposal 6: Support differential multi-level beam report that consists of the following information:
·  Common for all beam groups
· Capability to simultaneously use multiple beam groups
· Maximum RSRP value over beam groups [dB]
· For each beam group
· For N  TX beams n-bit relative power offset from the maximum RSRP value over beam groups 
· L m-bit new TX beam positions  
· L new TX beam indices not being part of previous beam report, where L<N  

Proposal 7: Support partial multi-level beam report that consists of the following information:
· Common for all beam groups
· Capability to simultaneously use multiple RX beam groups
· Maximum RSRP value over beam groups [dB]
· For each beam group
· For N  TX beams n-bit relative power offset from the maximum RSRP value over beam groups (network has configured the mapping of TX beam indices to N positions) 
· L new strongest  TX beams in terms of RSRP  not being part of previous beam report, where L<N  
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