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Introduction
In RAN1#86bis, the following agreements are captured to define and study group based beam management [1]. 
Agreements:
· Group based beam management is to be further studied:
· Definition of beam grouping:
· Beam grouping = for TRP(s) or UE to group multiple Tx and/or Rx beam(s) and/or beam pair(s) into one subset of beams 
· FFS detailed mechanisms for beam grouping, reporting, beam-group based indication for beam measurement, beam-based transmission or beam switching, etc.
· Some examples can be found in R1-1610891 and R1-1609414

In RAN1#86bis, the following agreement is captured to support beam reporting [2]. 
Agreements:
· For downlink, based on RS (used for beam management) transmitted by TRP, UE reports information associated with N selected Tx beams
· Study how the N Tx beams can be selected 
· Study the case where N comprises of all Tx beams
· Study UE reporting information
· Note: N can be equal to 1

In RAN1#86bis, the following agreement is captured to support network triggered aperiodic beam reporting [3]. 
Agreements:
· Support at least network triggered aperiodic beam reporting:
· Aperiodic beam reporting is supported under P-1, P-2, and P-3 related operations
· FFS beam reporting details
· FFS: UE assisted/initiated aperiodic beam reporting
· FFS: In case of UE assisted/initiated aperiodic beam reporting, UE request message can be transmitted on a reserved/dedicated/common uplink channel (e.g. physical random access channel, physical uplink control channel).
· Further study is needed whether semi-persistent/periodic/event-triggered beam (network triggered or UE assisted/initiated) reporting is needed

In RAN1#86bis, the following agreement is captured to support same or different beams on control and the corresponding data channel transmission [4]. 
Agreements:
· Support using same or different beams on control channel and the corresponding data channel transmissions
· FFS the antenna ports for control channel and the corresponding data channel (e.g., sharing some ports or not)
· Study detailed aspects related to beams/beam pairs indication/reporting involving usage of control and data channels and involving one or more TRPs

In millimetre wave systems, the beam-formed transmission has been considered one of basic principles to overcome severe path loss. For a beam-formed transmission, beam management between gNB and UE should be necessary for a reliable transmission and reception. In this contribution, we suggest to discuss some issues related to beam reporting, e.g. beam related information to report, beam reporting mode and procedure considering beam grouping, etc. 
Beam related information to report 
Beam measurement, reporting and determination defined in [5] are basic functionalities to support beam management between gNB and UE. Basically, UE can obtain beam related information through beam measurement based on beamformed reference signals. This beam related information is reported to gNB according to NW triggering. Then, gNB and UE can select its own beam based on the shared beam related information. Therefore, beam related information should be defined to support beam management, i.e. beam determination/selection and beam switching etc. 
When measuring beam related reference signal(s), i.e., multi-beam mobility signals (BRS) or beam-management CSI-RS (B-CSI-RS), UE can obtain a beam related reference signal received power (BRSRP) for each beam. The BRSRP measured from UE is tightly related to TRP/UE beamforming. Thus, beam related information can include TRP/UE beam ID and corresponding BRSRP. Since UE already knows its own Rx beam ID associated with a specific TRP Tx beam ID, at least TRP Tx beam ID and corresponding BRSRP can be reported to gNB. The TRP beam IDs can correspond to BRS ID, or B-CSI-RS beam ID constructed with antenna port number and time-resource (i.e., subframe/slot) number [6].

In RAN1#86bis, various beam management scenarios are discussed, i.e. beam grouping and different beams on control and the corresponding data channel transmission. These scenarios may also be related to a multiple TRP operation scenario in a cell. To support these scenarios, UE beam related indication may be included in beam related information. 

Proposal 1: For each of BRS and CSI-RS based reporting, beam related information includes at least followings in multi-beam based system:
· Tx beam ID – a resource unit ID of BRS and CSI-RS
· Corresponding beam related reference signal received power (BRSRP)
· FFS for UE beam related indication 

Beam reporting mode considering beam grouping

Although beam reporting for all beams in a cell will provide the best performance from the beam management perspective, it may lead to a critical system/resource overhead due to a large number of beams in a cell. When reporting beam related information, UE can select a few beams among all beams in a cell and report them to reduce system/resource overhead. Thus, beam reporting mode may be defined to efficiently support beam management. 
In RAN1#86bis, the beam grouping is agreed to study for beam management. Beam grouping technique in L1/L2 beam management is to divide the beams of gNB into a few groups and configure the UE to measure and report the beam state information for beam management based on these beam groups. Thus beam grouping is tightly related to beam reporting mode. The use cases to utilize beam grouping is discussed in our companion contribution [7]. 
Beam grouping can be interpreted to either cell specific beam grouping or UE specific beam grouping as shown in Fig. 1. If cell specific beam grouping concept is adopted in a cell, all UEs in a cell should report beam related information for a semi-statically predefined beam groups. It may lead to simple beam reporting mechanism because dynamic beam grouping related indication is not necessary. However, beam grouping may not provide beam grouping flexibility. For example, if there are some UEs to have similar beam qualities from multiple beam groups, it would be better to configure the less number of beam groups for those UEs, i.e. the increase of the number of beams for each beam group.  
On the contrary to cell specific beam grouping, UE specific beam grouping can provide flexible beam grouping configuration for each UEs in a cell. However, to support UE specific beam grouping, dynamic beam grouping related indication would be considered to design beam reporting mechanism because UE specific beam grouping may be a reporting unit from UE perspective.



 Figure 1. Beam grouping concept

Proposal 2: At least following aspects should be further studied: 
· Cell specific beam grouping
· UE specific beam grouping

To provide the flexible beam reporting considering beam grouping, at least following beam reporting mode can be a start point for further discussion in multi-beam based systems:
· All beams are divided into M beam groups and Nm beams for m-th beam group are reported where m={1, 2, ... N}, M ≥ 1 and Nm ≥ 0.
The value of M and N can be fixed or configurable according to reporting modes. If M is fixed to 1, beam grouping is not utilized in a cell. The detail reporting modes are FFS. 
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Proposal 3: Following beam reporting mode can be a start point for further discussion:
· All beams are divided into M beam groups and Nm beams for m-th beam group are reported where m={1, 2, ... N}, M ≥ 1 and Nm ≥ 0.
· Detail reporting modes are FFS.

Beam grouping described in Fig. 1 is focused on TRP Tx beams regardless of UE Rx beam. UE beam based TRP Tx beam grouping may be one of possible approach to support various use cases (e.g. blockage, multiple TRP operation etc.). However, UE already knows its own Rx beam ID associated with a reported TRP Tx beam ID. Some use cases above mentioned may be supported without Rx beam indication. Thus, we need to study whether UE beam related indication or beam reporting is necessary or not. 

Proposal 4: The necessity of UE beam related indication or beam reporting should be further studied considering possible usages and scenarios.



Conclusions

The proposals and observation in this contribution are summarized below:
Proposal 1: For each of BRS and CSI-RS based reporting, beam related information includes at least followings in multi-beam based system:
· Tx beam ID – a resource unit ID of BRS and CSI-RS
· Corresponding beam related reference signal received power (BRSRP)
· FFS for UE beam related indication 

Proposal 2: At least following aspects should be further studied: 
· Cell specific beam grouping
· UE specific beam grouping

Proposal 3: Following beam reporting mode can be a start point for further discussion:
· All beams are divided into M beam groups and Nm beams for m-th beam group are reported where m={1, 2, ... N}, M ≥ 1 and Nm ≥ 0.
· Detail reporting modes are FFS.

Proposal 4: The necessity of UE beam related indication or beam reporting should be further studied considering possible usages and scenarios.
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