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1. Introduction  
NR DL beam management was discussed in RAN1 #86 and the following definitions on beam management have been reached [1]:
· Beam management = a set of L1/L2 procedures to acquire and maintain a set of TRP(s) and/or UE beams that can be used for DL and UL transmission/reception, which include at least following aspects: 

· Beam determination = for TRP(s) or UE to select of its own Tx/Rx beam(s). 

· Beam measurement = for TRP(s) or UE to measure characteristics of received beamformed signals 

· Beam reporting = for UE to report information a property/quality of of beamformed signal(s) based on beam measurement

· Beam sweeping = operation of covering a spatial area, with beams transmitted and/or received during a time interval in a predetermined way.
Further agreements related to studies of beam determination and beam group based management have been made based on [2] as follows:
· Consider different channel reciprocity assumptions in beam management procedures 

· At a TRP or UE, with TX and RX channel reciprocity (full or partial) (e.g., beam reciprocity), TX beam (or RX beam) can be obtained from RX beam (or TX beam) to reduce overhead and latency

· Without TX and RX channel reciprocity, beam management procedure may require TX and RX beam sweeping in both DL and UL links

· RAN1 study different methods of determining Tx and Rx beam(s) for communication on one link direction (uplink or downlink), e.g.,

· Joint determination: Tx beam and Rx beam are determined jointly

· Separate determination: Tx beam or Rx beam are determined sequentially. 

· Multi-stage determination: for instance, coarse Tx-Rx beam determination followed by fine Tx-Rx beam determination

· Study beam management procedure with and without explicit signaling of beam(s) or beam group(s) used for transmission
In this contribution, the beam-group based beam management procedure including reporting/determination/ indication/maintenance are elaborated as well as the corresponding management operations in the implementation.  Initial study is done to investigate the need of beam grouping by simulation.  
2. Beam-group based beam management

The concept of beam-group based beam management is to manage beams in group basis instead of beam-by-beam basis.  The beam management procedure including group based indication/reporting, beam-group maintenance and transmission group(s) switching is shown in Figure 1.  
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 Figure 1 Grouping-based beam management 
Beam grouping can be done at TRP side and/or UE side. 
· Beam grouping at TRP - TRP groups the DL Tx beams according to the channel/beam properties seen by TRP, e.g. QCL, angle of departure for DL, etc.  With beam grouping at TRP side, TRP can help UEs to identify multi-path more efficiently e.g. identifying orthogonal basis of the best beam..
· Beam grouping at UE - UE groups the DL Tx beams according to the channel/beam properties seen by UE, e.g. QCL, angle of arrival for DL, etc.  With beam grouping at UE side, UE also can help TRP to identify multi-path seen by the UE and let TRP know the UE beam information implicitly.  i.e. UE can group beams according to each UE’s beamforming implementation/capability. 
In the following sections, we discuss beam grouping in different beam management procedure.
2.1 Beam-group based reporting
The following three options of reporting RSRP/CSI are discussed.

· Reporting Option 1:  Tx-beam based report

· e.g. UE reports RSRP/CSI with Best-M Tx beams.  In this case, UE does not carry any Rx beam information in the report

· Reporting Option 2: Tx-Rx beam pair based report 

· e.g. UE reports RSRP/CSI with Best-M Tx-Rx beam pair

Option 2 differs from option 1 in terms of the knowledge of Rx-beam in the report
· Reporting Option 3:  Beam group based report

· e.g. Beam grouping is done on Tx beams e.g. sharing the similar channel properties, like angles of arrival and departure, QCL and TA.  UE reports RSRP/CSI with the best beam in each of the M beam groups  
Option 3 does the reporting based on beam grouping.
Option 1 is trivial but it is unlikely to be the best option.  It is often the case that the UE would report the information of beams around the best beam.  The information often becomes redundant and does not well-represent the entire spatial channel.

Option 2 does some sort of implicit grouping if there is information on Tx-Rx pair.  However, the reporting criteria of Option 2 do not depend on any grouping.  Again, it is also likely the case that the UE would report the information of beams around the best beam.

In Option 3, reporting criteria depends on grouping.  E.g. UE only needs to report representative beam in each group.  Or the TRP can restrict the UE to certain N groups with orthogonal basis for identifying multi-path.  This helps the TRP understand better the spatial channel seen by the UE and make use of limited feedback resources more efficiently.
2.2 Beam-group based indication

In LTE, precoding/beamforming is transparent to the UE in DMRS-based transmission (at least for co-located scenario), i.e., there is no indication on which beam/precoder is used for transmission.  However, if we consider analog receive beamforming at UE side, the UE has to determine its receive beam before the data reception.  Knowing certain Tx beam information would help UE to adapt the receive beam.  With this understanding, we discuss beam indication into the following three options.  
· Indication Option 1:  Tx-beam indication

· TRP indicates the Tx-beam index corresponding to the Tx beam used for data transmission
· Indication Option 2: Tx-Rx beam pair indication

· TRP indicates the Tx-Rx beam pair index corresponding to the Tx beam TRP used for data transmission and the Rx beam UE used for data reception. 
· Indication Option 3: Beam group indication

· TRP indicates beam group which conveys the information on how UE should receive the beam e.g. which Rx beam
Both Option 1 and Option 2 likely require excessive overhead when the number of Tx beams is large.  Or if we don’t allow all possible Tx beams or TX-RX beam pairs in the indication (e.g. limited to the best-M beam from the report), it would impose the restriction on how TRP does the beamforming.   This is not good especially when we consider MU-MIMO and coordinated beamforming.
Regarding option 3, beam group based indication has certain benefits in terms of beam indication.  

· It is often the case that number of Rx beams is less than number of Tx beams since number of antenna elements is often less at the UE side considering size limitation.  The overhead is reduced if the indication is done in beam group in Option 3.  
· Beam group indication also allows better flexibility on using different Tx beam used for the data compared to the beam used on beam reference signal e.g. due to MU-MIMO.  Certain transparency is still kept in Option 3.  

· Beam group indication can be used to link between uplink and downlink beams for the case of channel reciprocity.  It does not mandate using the exact beam and hence leave more flexibility if the UL-DL linkage is defined using beam group.

2.3 Beam group maintenance and switching
Group(s) maintenance
The group-related reference signal is to be triggered by UEs/TRP with the configurable or fixed number of sweeping beams, which can be used for beam tracking against unexpected UE mobility. Beam refinements for different links on different sides i.e. DL-TX, DL-RX, UL-TX and UL-RX should be supported in NR.  Beams on one side are sweeping while the beam(s) on the other side remains unchanged. It is noted that after beam sweeping, the beam group ID(s)  remain unchanged but its related beam might be changed accordingly within a group on one side, which is agnostic to the other side.
Transmission group(s) switching

Taking into account that different groups indicate different channel properties, the channel with regard to one group is blocked but that with regard to other groups can be still available and become an alternative one. Therefore, while there exists more than one pair in beam pool, TRP and UE can be capable of probing these alternative ones and subsequently determining whether switching its transmission group(s) to alternative one or not accordingly. It means that the data stream would be transmitted continuously without outage.  

To summarize, we observe the following benefits for beam grouping:
Observation 1: 
· Group-based beam indication can reduce signaling/feedback overhead and allows certain flexibility of using beams for transmission/reception.

· Group-based beam maintenance can be done such that beam tracking/refinement within a group or multiple groups can be supported in more transparent manner.  

· Group-based beam switching can be supported when multiple beam groups are maintained in order to improve the robustness against unexpected channel blockage

3. Evaluation on beam grouping
In this section, the feasibility study of the beam grouping, especially in the UE centric way, is demonstrated via simulation. The analyses have been conducted through the investigation on the distribution of the number of Tx beam per group in the following two cases. 

Case 1: Group the Tx beams with the same best Rx beam into one beam group.  Number of groups per UE would be equal to number of Rx beams.
Case 2: Identify the best 20 Tx-Rx beam pair and group the beams sharing the same Rx beam into one beam group.
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Figure 2  CDF of number of Tx beams per group  (LEFT: Case 1, RIGHT: Case 2)
It can be observed that in most of the cases each beam group contains multiple beams.  Therefore, it implies that beam grouping is feasible and is likely to reduce overhead of reporting and indication. 
 Observations 2: Beam grouping is feasible and is likely to reduce overhead of reporting and indication since multiple Tx beams could be obtained within one group in most of the cases.
Based on the evaluation results and analysis on the benefits of beam grouping, we have the following proposal:

Proposal 1: Support beam-group based beam management in NR
4. Conclusion

In this contribution, the necessity and feasibility of the beam group based approaches are discussed and studied.  The observations are summarized as below:
Observation 1: 
· Group-based beam indication can reduce signaling/feedback overhead and allows certain flexibility of using beams for transmission/reception.

· Group-based beam maintenance can be done such that beam tracking/refinement within a group or multiple groups can be supported in more transparent manner.  

· Group-based beam switching can be supported when multiple beam groups are maintained in order to improve the robustness against unexpected channel blockage

Observations 2: 
Beam grouping is feasible and is likely to reduce overhead of reporting and indication since multiple Tx beams could be obtained within one group in most of the cases.
Based on the evaluation results and analysis on the benefits of beam grouping, we have the following proposal:

Proposal 1: Support beam-group based beam management in NR
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