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1
Introduction
The following working assumptions related to beam grouping have been agreed in RAN1#87AH:

Working assupmtions:

· Support at least one of these two alternatives of beam reporting:
· Alt 1:

· UE reports information about TRP Tx Beam(s) that can be received using selected UE Rx beam set(s).  

· where a Rx beam set refers to a set of UE Rx beams that are used for receiving a DL signal

· Note: It is UE implementation issues on how to construct the Rx beam set.  

· One example: each of Rx beam in a UE Rx beam set corresponds to a selected Rx beam in each panel.

· For UEs with more than one UE Rx beam sets, the UE can report TRP Tx Beam(s) and an identifier of the associated UE Rx beam set per reported TX beam

· NOTE: Different TRP Tx beams reported for the same Rx beam set can be received simultaneously at the UE.

· NOTE: Different TRP TX beams reported for different UE Rx beam set may not be possible to be received simultaneously at the UE
· Alt 2:

· UE reports information about TRP Tx Beam(s) per UE antenna group basis

· where UE antenna group refers to receive UE antenna panel or subarray 

· For UEs with more than one UE antenna group, the UE can report TRP Tx Beam(s) and an identifier of the associated UE antenna group per reported TX beam

· NOTE: Different TX beams reported for different antenna groups can be received simultaneously at the UE.

· NOTE: Different TX beams reported for the same UE antenna group may not be possible to be received simultaneously at the UE

· FFS: How UE antenna group or Rx beam set is captured in the specification
The following working assumptions related to beam grouping have been agreed in RAN1#88
Agreements:

· Confirm the working assumption on group based beam reporting made in RAN1 Jan. NR Adhoc Meeting, with the following update:

· Further discussion for possible down-selection or merging, especially taking into account overhead

Agreements:

· 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

The following working assumptions related to beam grouping have been agreed in RAN1#88bis
Agreements:

· For beam reporting, companies are encouraged to perform detailed analysis w.r.t. comparing Alt 1 and Alt 2, particularly considering the overhead (feedback overhead, signaling overhead, etc.), performance, flexibility in operation, etc.
· Aim to down-select one of the two alternative s with the possibility of merging into a single alternative (if so, the corresponding analysis) at next meeting
· Each company to state the assumed UE implementation in the analysis
In this contribution, a special focus is given for the details of UE based beam grouping reporting schemes and related signalling aspects. 
2
Motivation

During the previous RAN1 meetings, the reasons for having Tx port grouping have been discussed and RAN1 came to the level of agreement that such operation can be done in two ways: based on the UE panel grouping or based on the more refined UE beamformer. Both choices are under consideration and the main point to be clarified is the overhead generated by these two choices. From the applicability perspective it should be rather clear that UE beamformer based grouping provides more refined information to the gNB and also is applicable in the case of a single panel UE. In a single panel UE only one Rx beam is used at a time, however the grouping is providing the same benefits to the gNB scheduler when attempting to synamically switch Tx beams 
3
UE Based Beam and Panel Grouping Options
To reduce system overhead and complexity related to beam detection, selection and feedback signalling, it is reasonable to leverage beam reciprocity between uplink and downlink beams as much as possible in NR system. To exploit beam reciprocity, it is assumed that the number of TXRU chains is the same for uplink and downlink at UE side. Furthermore, it is also assumed that the TX and RX chains associated with antenna arrays are calibrated with each other. 
From a network perspective to guarantee flexible beam management in NR system, it is important to design physical layer procedures for beam detection and selection at UE to be transparent with respect to the actual implementation of TX and RX beamforming at the UE side. 
To enhance robustness downlink beam management against e.g. beam blockage, UE rotation, etc., it is reasonable to consider the concept of a receiver based beam grouping.  A beam group is a collection of downlink TX beams indices associated with a set of RX beams. In each beam group, there can be N-best downlink TX logical beam indices (BI)s according to a selected criterion. Here, the logical beam index is defined as: BI = antenna_port_index*sweep_block_symbol_index.  As a result of the definition of beam group, actual implementation of RX/TX beams can be made transparent for a network.
Observation 1: UE based beam grouping enables to make actual implementation of RX beams transparent for a network. 
From a network perspective, to enhance scheduling flexibility in different deployments scenarios, it is beneficial for the base station to be aware of multiple user specific beam groups that are reported for it. As a result of this, a scheduler will have more degrees of freedom in performing scheduling decisions and utilizing resources more effectively. Naturally, trade-offs between signaling overhead and scheduling flexibility needs to be taken into account for feedback signaling overhead while defining the exact parameterization needed for the NR system. 
Observation 2: By enabling multiple user specific beam groups to be detected at UE and reported to a base station, scheduling flexibility can be enhanced in the NR system. 
In principal, the main difference between the operation of alternatives, i.e. Alt-1 Alt-2, is on multi-TX beam reception capability at UE-side resulting in differences in UE reporing. More specifically, the Alt-1 assumes TX beam reception to be associated with a RX beam set, where the RX beam set defines the set of RX beams associated with the set of RX antenna panel(s)/port(s) being same or different. By default, indentified TX beams being in same RX beam set are assumed to be received simultaneously in Alt-1. However, different indentifed TX beams belonging into in different RX beam sets may not be received simultaneously. In other words, simultaneous multi-beam reception capability between different RX beam sets depends on simultaneous multi-panel reception capability at UE-side. In comparison with Alt-1, Alt-2 assumes by default different TX beams being in different antenna groups to be received simultaneously. In other words, UE can be assumed to have simultaneous multi-RX panel reception capability by default over different antenna groups. On the other hand, due to tight association of antenna group to an antenna panel, different TX beams being in same antenna group may not to be received simultaneously.
Observation 3: Main difference between the operation of beam reporting alternatives, i.e. Alt-1 Alt-2,  is on simultaneous TX beams reception capability at UE-side resulting in differences in UE reporting.  
Figure 3 shows an example of Alt-1 and Alt-2 TX beam reporting schemes. Here, it is assumed that, Alt-1, RX beam set m  can be defined over receive antenna panel(s)/port(s) e.g.  using one/multiple RX beam(s) per panel/port and some of them having capability for simultaneous reception. In Alt-2, beam set p is defined to cover only panel/port 2 with single RX beam. Since UE can flexibly configure different RX beam sets up to the number of RX beam sets defined by a network, Alt-1 can enhance flexibility for different UE implementation specific reception and beam reporting configurations. In comparison with Alt-1, in Alt-2 different antenna groups are more tighly coupled with actual antenna panels. As mentioned, in Alt-2 feedback is determined as antenna panel specific. Therefore, for Alt-2 different reception and feedback configurations are less flexible with respect to Alt-1.
Observation 4:  In comparison with Alt-1, Alt-2 can provide less flexibility in terms of different reception and beam reporting configurations. 
In general, the capability of receiving simultaneously multiple TX beams at UE-side can be seen as vendor specific implementation issue as well as the generation of RX beam sets. However, to enable a network to utilize effectively multi-TX beam reception capability at UE-side, network needs to be aware of UE capability to receive multiple TX beams simultaneously from single or multiple TRPs. Therefore, this information needs to be signalled to network to be leveraged in the context of TX beam switch and MIMO operation modes (spatial multiplexing and diversity based)  transmission in single and multi-TRP scenarios.
Observation 5:  To enable a network to utilize effectively the simultaneous multi-TX beam reception capability of UE, the network needs to be aware of the capability to simultaneously use multiple RX beam sets. 
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Figure 3 An example of different beam reporting schemes Alt-1 (left) and Alt-2(right).  

To ensure efficient and flexible beam based operation in terms of trade-offs between feedback signalling overheads and performance, it is assumed that a network can configure user/group specically the number of reported groups L and the number of reported TX beams/APs within each group.

Observation 6: To ensure efficient and flexible beam based operation in terms of trade-offs between feedback signalling overheads and performance, a network can configure user/group specically the number of beam groups L and the number of TX beams/APs N within each group.
To enable a flexible network operation in different deployment scenarios and use cases, it important to support different beam reporting options with help of reporting configurations in NR. Further details of beam reporting options are discussed in Section 4.1 Due to network configured beam reporting, UE needs to report L groups and N- TX beams reducing different RX beam set combinations. Table 1 provides a summary of beam reporting overhead comparison between Alt-1 and Alt-2. Here, it is assumed that it is up to UE implementation how to define RX beam set in Alt-1.  N is number of reported TX beams within a group and NGsim defines RX beam group indices to be received simultaneously. Since Alt-1 requires an indication of simultaneously received RX beam groups, it has a small additional reporting overhead with respect to Alt-2. However, from system perspective, this small additional overhead can be easily compensated by taking into account enhanced operation flexibility and performance with respect to Alt-2 in different scenarios.  
Table 1 Beam reporting overhead comparison between Alt-1 and Alt-2.
	Grouping Scheme
	Feedback overhead

	Alt-1
	L *N + NGsim

	Alt-2
	L*N


Observation 7: Alt-1 has a small additional reporting overhead with respect to Alt-2. However, from system perspective, this small additional overhead can be easily compensated by taking into account enhanced operation flexibility and performance with respect to Alt-2 in different scenarios.
Proposal 1:  Simultaneous multi-TX beam reception capability at UE-side is vendor specific implementation issue and need to be signalled to network. 

Proposal 2: Support Alt-1, i.e. RX beam set based, beam grouping.

Proposal 3: Support network to configure user/group specifically the number of groups L and the number of TX beams/APs within each group.
4
Discussion on Beam Reporting Options

4.1 Beam Reporting Options

In this section, different aspects of beam reporting are considered. More specifically, different reporting modes and configurations are discussed. 
Figure 4 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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Figure 4. An illustration of the utilization of different beam reporting modes.
Observation 8: 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 9: Due to the 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 10: By using RX beam based UE beam grouping, signalling overheads related to beam report as well as downlink/uplink beam indication can be reduced. 

Figure 6 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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Figure 6. An example of full multi-level based beam report for two beam groups. 

Observation 11: By reporting relative power offset values, differential RSRP values from the maximum RSRP value can be recovered at gNB.

Observation 12: Full-multi-level beam reporting can provide efficient and flexible way to encapsulate relevant beam related information for beam management.
Figure 7 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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Figure 7. An example of multi-level differential beam report with capability to track L new TX beams for each two beam groups. 

Observation 13: 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 14: Multi-level differential beam reporting can reduce signalling overhead with respect to the full  mode.

Figure 8 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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Figure 8 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 15: 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 16: Multi-level partial beam reporting can further reduce signalling overhead with respect to the differential mode.

Proposal 4:  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 5: Support different beam reporting modes, i.e. full, differential and partial by using MAC CE and layer 1 control signalling.
Proposal 6: 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 7: 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 8: 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 9: 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 10: Support signalling of UE beam group ID as a part of downlink and uplink grants.
4.2 Estimation of Resource Savings using differential reporting

 For the rough calculations how much the signaling overhead can be reduced by using differential reporting we use following assumptions in the Table 1. For full report, 8 bit beamd identifier, 2 bit group identifier (group ID is present once per group) and 8 bit for RSRP value. For differential report no beam ID or group ID need to be signalled as the bit position indivates the previously reported value. For RSRP 2 bit differential value is used.  
Table 1.
	Report Format
	Beam ID
	Group ID
	RSRP/beam
	Total
	Overhead reduction

	Full 
	8
	2
	8
	18
	

	Differential
	0
	0
	2
	2
	88 %


Table 2 provides calculations for comparing Full and differential report sizes bits and estimated overhead reduction.
Table 2. Overhead reduction with different L
	Report Format
	L
	N
	Beam ID (bits)
	Group ID (bits)
	RSRP (bits)
	Total
	Overhead reduction

	Full 
	1
	4
	8
	2
	8
	64
	

	Differential
	1
	4
	0
	0
	2
	8
	88%

	Full 
	2
	4
	8
	2
	8
	132
	

	Differential
	2
	4
	0
	0
	2
	16
	88%

	Full 
	4
	4
	8
	2
	8
	264
	

	Differential
	4
	4
	0
	0
	2
	32
	88%


From the Table 2 it can be observed that significant reduction of overhead may be achieved by using differential reporting.
To further investigate the overhead reduction potential of differential reporting we assume an example ratios between full and differential reports 1:4 / 1:9 for L=1,2 and N=4. Ratio of 1:4 means that for every full report, 4 differential reports are sent instead of full report.
	Report Format
	L
	Report, N=4 (bits)
	K- full reports
	M-differential reports
	Total
	Overhead reduction

	Full 
	1
	64
	5
	0
	320
	

	Differential
	1
	8
	1
	4
	96
	70% 

	Full 
	1
	64
	10
	0
	640
	

	Differential
	1
	8
	1
	9
	136
	80%

	Full 
	2
	132
	5
	0
	660
	

	Differential
	2
	16
	1
	4
	196
	70%

	Full 
	2
	132
	10
	0
	1320
	

	Differential
	2
	16
	1
	9
	276
	80%


5 UE Event Triggered Beam Reporting
5.1 
Event based beam reporting
Key functionality in network controlled beam management is reporting beam information which comprises measurement results on beams detected by the UE such as RSRP, and identification of measured beam. In addition to previously agreed network triggered aperiodic beam reporting, it is considered that UE initiated beam info reporting procedures are needed and considered to be beneficial. An active UE is expected to continuously track and measure beams of the serving cell, and potentially beams of the neighbor cells, thus UE has better knowledge on the quality of different beams and is able to detect link degradation potentially faster than network that would need to poll for the beam reports. In addition, event based reporting saves potentially resources since reporting is done based on configured trigger events.

As an example, a UE event could be when alternative beam becomes better than current PDCCH beam configured for PDCCH reception or when UE detects a new beam outside the current reported candidate set.
Proposal 11: Support UE event triggered beam reporting procedures.

Network should be able configure and control UE event triggered reporting with event specific parameters to avoid excess signalling load in a cell and to manage radio resources. Such parameters could be e.g. different offsets, time to trigger values, periodicity of reports, prohibit timers, reporting formats etc. 

Observation 17: Network should have means to control UE triggered beam info reporting load.
Proposal 12: Support UE event triggered beam reporting procedure that can be configured by network.
5.2 
Beam State Information
The BSI report would include beam index and corresponding beam strength/quality. Beam index is a logical index which is unique in a cell and may be derived using beam specific reference signals (CSI-RS ports) and SS-block time index. More details on deriving beam index are included in. 

Reference signal received power (RSRP) measure is considered as a baseline for beam measurements and selection where the main goal is to find strong beams. 

Proposal 13: Study the range and resolution of RSRP measure for beam measurements.
Proposal 14:Define a logical beam index that is unique in a cell and can be used to indicate specific DL TX beam

Beams index may be derived e.g. using SS block identifier and corresponding CSI-RS port ids. Details FFS.

Proposal 15: Define BSI (Beam State Information) to comprise of Beam Identifier and Measurement quantity such as RSRP
6
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: UE based beam grouping enables to make actual implementation of RX beams transparent for a network. 
Observation 2: By enabling multiple user specific beam groups to be detected at UE and reported to a base station, scheduling flexibility can be enhanced in the NR system. 
Observation 3: Main difference between the operation of beam reporting alternatives, i.e. Alt-1 Alt-2,  is on simultaneous TX beam reception capability at UE-side resulting in differences in UE reporting.  

Observation 4:  In comparison with Alt-1, Alt-2 can provide less flexibility in terms of different reception and beam reporting configurations. 

Observation 5:  To enable a network to utilize effectively the simultaneous multi-TX beam reception capability of UE, the network needs to be aware of the capability to simultaneously use multiple RX beam sets. 

Observation 6: To ensure efficient and flexible beam based operation in terms of trade-offs between feedback signalling overheads and performance, a network can configure user/group specically the number of beam groups L and the number of TX beams/APs N within each group.
Observation 7: Alt-1 has a small additional reporting overhead with respect to Alt-2. However, from system perspective, this small additional overhead can be easily compensated by taking into account enhanced operation flexibility and performance with respect to Alt-2 in different scenarios.

Observation 8: 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 9: 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 10: 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 11: By reporting relative power offset values, differential RSRP values from the maximum RSRP value can be recovered at gNB.

Observation 12: Full-multi-level beam reporting can provide efficient and flexible way to encapsulate relevant beam related information for beam management.

Observation 13: 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 14: Multi-level differential beam reporting can reduce signalling overhead with respect to the full  mode.

Observation 15: 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 16: Multi-level partial beam reporting can further reduce signalling overhead with respect to the differential mode.

Observation 17: Network should have means to control UE triggered beam info reporting load.
Based on the dicussions, the following proposals have been made:

Proposal 1:  Simultaneous multi-TX beam reception capability at UE-side is vendor specific implementation issue and need to be signalled to network. 

Proposal 2: Support Alt-1, i.e. RX beam set based, beam grouping.

Proposal 3: Support network to configure user/group specifically the number of groups L and the number of TX beams/APs within each group.
Proposal 4:  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 5: Support different beam reporting modes, i.e. full, differential and partial by using MAC CE and layer 1 control signalling.

Proposal 6: 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 7: 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 8: 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 9: 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 10: Support signalling of UE beam group ID as a part of downlink and uplink grants.
Proposal 11: Support UE event triggered beam reporting procedures.

Proposal 12: Support UE event triggered beam reporting procedure that can be configured by network.
Proposal 13: Study the range and resolution of RSRP measure for beam measurements.
Proposal 14:Define a logical beam index that is unique in a cell and can be used to indicate specific DL TX beam

Beams index may be derived e.g. using SS block identifier and corresponding CSI-RS port ids. Details FFS.

Proposal 15: Define BSI (Beam State Information) to comprise of Beam Identifier and Measurement quantity such as RSRP
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