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1 Introduction

In RAN1 #89 meeting, regarding the beam grouping criteria following agreement was made [1].

Agreements: 
· The following beam grouping criteria are considered:

· A1 (based on Alt 1): Different TRP TX beams reported for the same group can be received simultaneously at the UE. 

· A2 (based on Alt 2): Different TRP TX beams reported for different groups can be received simultaneously at the UE.

· Down selection of the beam grouping criteria by next meeting
· FFS in addition to the above grouping criteria, the following grouping criteria can be considered

· C1 (in combination with A1): Different TRP TX beams reported for different groups cannot be received simultaneously at the UE.

· C2(in combination with A2): Different TRP TX beams reported for the same group cannot be received simultaneously at the UE.

In this contribution, we consider beam grouping design at first. Then we discuss about a contents of beam reporting which is one of other open issues.
2 Discussion

2.1 The beam group design
In previous meeting, RAN1 decided that the beam management CSI-RS is UE specific as follows.
Agreements:
· Cell-specifically configured CSI-RS is not supported for beam management
When using UE-specific CSI-RS configuration, it is easy to configure different TRP TX beam formed CSI-RS for a UE as a same group. In the phase of UE looking for suitable beams, the UE doesn’t require a QCL among different TRP TX beams because the UE just want to know which TRP provides better DL beams. It means that the received signal power from different TRP TX beams in a same group may be completely different. It may be difficult to receive different TRP TX beams using an antenna panel on UE. The multiple panels with different RX beam forming may be used for simultaneous reception of different TRP TX beams. It is depends on a location among TRPs and UE and UE capability regarding a antenna panel. It is not ensured that each panel can always split multiple beams from different TRPs.
 As for A1, in limited condition, A1 is suitable. As for A2, we don’t see clear benefit for this.

Observation 1: The simultaneous reception at UE for beams from different TRPs can be realized under a limited condition.
Proposal 1: For the beam grouping criteria,A1 is suitable under a limited condition.
During the beam management, the channel condition changes as time goes by. It is beneficial that different TRP TX beams are evaluated in a short period of time. So, different TRP TX beams for a beam report should be configured as same group. Each beams from different TRPs need to be allocated in a mostly consecutive time resources.
Proposal 2: The time resources for the Different TRP TX beams reported for the same group can be allocated in mostly consecutive time resources.

2.2 The contents of the beam reporting
To perform the beam refreshment, K beam candidates associated with K CSI resources would be provided by gNodeB/TRP. UE can select a beam out of K beams based on RSRP. If K beam candidates are being provided adequately by gNodeB/TRP, the beam selected by UE based on RSRP will indicates a center of K candidate beams (Figure 1). On the other hand, if K beam candidates are not suitable, the beam selected by UE based on RSRP would indicates edge beam of K beam candidates (Figure 2).
Observation 2: The beam reporting based on RSRP is required to inform gNodeB whether the provided beam candidates is suitable for beam refreshment.
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Figure 1 optimal beam candidates for the beam refreshment
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Figure 2 Un optimal beam candidates the beam refreshment
In addition to beam refreshment, the other objective of beam reporting is to identify a beam to be proceeded to CSI acquisition. For the purpose, UE has to report the best quality beam based on RSRQ.
Observation 3: The beam reporting based on RSRQ is required to inform gNodeB the beam to be proceeded to CSI acquisition phase.
As mentioned above, for beam reporting, two kind of beam reporting are required. First one is beam reporting based on RSRP. The other  is beam reporting based on RSRQ. The beam target of RSRP based beam reporting  is different from the beam target of RSRQ beam reporting. In study item phase, RAN1 identified that CRI may be needed for beam management. The detailed utilization of CRI has not been discussed. We think one CRI should indicate the beam target of RSRP based reporting and the other CRI should indicate the beam target of RSRQ based reporting.
Proposal 3: NR should support two CRI in beam reporting. The first  CRI should indicate the beam for RSRP based reporting and the second CRI should indicate the beam for RSRQ based reporting.
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Figure 3 RSRP based reporting and RSRQ based reporting
2.3 Criteria to select the beams for the beam reporting
Until 4G, it had been natural to use RSRP/RSRQ based criteria so that UE selects preferable beam. In 5G system, gNodeB/TRP has a capability to provide a beam with huge antenna gain. Then there may be many gNodeB/TRP around UE. This situation means that UE can receive many acceptable beams from gNodeBs/TRPs. Figure 4 shows a case where two TRP are providing beams with mostly same quality from RSRP/RSRQ perspective. The red area is obviously near TRP (2). Then, most energy of the beam from TRP (2) goes to ground. On the other hand partial energy of the beam from TRP (1) goes to ground. The most of rest energy of the beam from TRP(1) goes to horizontal direction which causes interference toward neighboring TRP area. When considering overall system throughput performance, UE need to select the beam from TRP (2).In order to do that, UE needs to know a beam attribute regarding a potential interference level toward neighboring area.
Observation 4: Among mostly same quality beams, each beam can be distinguished using the possibility to give interference toward neighboring area.
Proposal 4: CSI resource setting should include an information regarding a potential interference level toward neighboring area.
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Figure 4 Two TRP are providing beams with mostly same quality
3. 
Conclusions
In this contribution, the following observations and proposals are made:
Observation 1: The simultaneous reception at UE for beams from different TRPs can be realized under a limited condition.

Observation 2: The beam reporting based on RSRP is required to inform gNodeB whether the provided beam candidates is suitable for beam refreshment.
Observation 3: The beam reporting based on RSRQ is required to inform gNodeB the beam to be proceeded to CSI acquisition phase.
Observation 4: Among mostly same quality beams, each beam can be distinguished using the possibility to give interference toward neighboring area.
Proposal 1: For the beam grouping criteria,A1 is suitable under a limited condition.
Proposal 2: The time resources for the Different TRP TX beams reported for the same group can be allocated in mostly consecutive time resources.

Proposal 3: NR should support two CRI in beam reporting. The first  CRI should indicate the beam for RSRP based reporting and the second CRI should indicate the beam for RSRQ based reporting.

Proposal 4: CSI resource setting should include an information regarding a potential interference level toward neighboring area.
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