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1. Introduction

In NR-MIMO, how to find the appropriate beam and establish beam pair link quickly is important when beam failure happens. At the RAN1 NR ad-hoc meeting, there was progress on beam management including beam indication and reporting. In this document, we describe our general views on beam management procedure and resolve the detailed remaining issues.
2. Beam reporting
Regarding beam reporting the following working assumptions were made.
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
In addition to the above working assumption, it was also agreed to support reporting measurement results of N selected beams out of K (= total number of configured beams) beams. Hence, the remaining issue is how to structure and report N beams or beam pair link (BPL) between TRP Tx beams and UE Rx beams. The straightforward approach is reporting N sets of BPLs denoted as (TRP Tx beam index, UE Rx beam index). One issue here is that the number of UE Rx beams depends on UE capability. If any number of Rx beams is allowed for reporting, the feedback overhead related to UE Rx beams is variable depending on the UE capability (e.g., 1 bit for 2 UE Rx beams and 2 bits for 4 UE Rx beams). Hence, some restrictions by specification or signaling by the network may be beneficial, i.e., higher layer signaling to indicate the maximum number, M, of UE Rx beams that UE can report. Figure 1 shows this example where N=3 and M=2 are configured. Assuming that the measured BPLs include 3 different UE Rx beams, the UE can only report the BPLs associated with 2 UE Rx beams. In this way, the amount of feedback regarding UE Rx beam can be fixed. How to select two UE Rx beams is left to UE implementation or RAN4 requirements. In our understanding, the above procedure is still within interpretation of the Alt. 1. Although there are some benefits for Alt. 2 in terms of the amount of feedback overhead, we don’t see such a need at this stage. If the feedback overhead is an issue, a smaller value of N can be used at the cost of some performance loss. In summary, we propose the following.
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Figure 1 – Beam reporting.

Proposal 1: Select Alt. 1 and confirm the working assumption, i.e., UE reports information about TRP Tx beam(s) that can be received using selected UE Rx beam set(s). 
Proposal 2: Specify the number of UE Rx beams that the UE can report, or support higher layer singling to indicate the number of UE Rx beams that the UE can report.

At the RAN1 NR Ad-hoc meeting, there were agreements regarding beam reporting and reporting information as follows.

Agreements:
· UE measurement based on RS for beam management (at least CSI-RS) composed of K (= total number of configured beams) beams and reporting measurement results of N selected beams:

· N is not necessarily fixed number 
· FFS: whether/how to configure and/or indicate the values of N
· Note: The above procedure based on RS for mobility purpose is not precluded.
· Reporting information at least include

· Measurement quantities for N beam (s) 
· FFS: Detailed reporting contents, e.g., CSI, RSRP or both

· FFS: How to select N beam(s)
· FFS: how to identify the subset
· Information indicating N DL Tx beam(s), if N < K

· 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, etc.

How to select N beams for beam reporting needs to be also determined. The simplest approach is to let the UE always report information regarding N beams. However, this causes the increased overhead even when unnecessary. Thus, it would be better for TRP to control the amount of overhead when needed. One example is that DCI and/or MAC CE can trigger the number of beams for reporting as shown in Table I. 
Table I – Beam triggering and reporting
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Regarding the contents, it was already agreed to report a set of N UE-selected CSI-RS-resource-related indices. Also, CSI, i.e., CQI, needs to be reported at least for link adaptation purpose. Discussion is rather whether to support the additional contents and a sort of beam ID. The additional contents may include L1-filtered RSRP/RSRQ. However, we are not sure whether CQI or RSRP/RSRQ for mobility purpose is sufficient or not. Support for the additional contents such as RSRP/RSRQ should be decided in the context of the mobility discussions. Regarding the beam ID, as discussed above, UE Rx beams can be also reported if configured. 
Proposal 3: For aperiodic CSI reporting, DCI can indicate the number of beams for reporting.

Proposal 4: For semi-persistent CSI reporting, MAC-CE can indicate the number of beams for reporting.

Proposal 5: For periodic CSI reporting, multiple beam reporting settings can be configured. Each reporting setting can include information on multiple beams. Periodicity of each reporting setting can be configured independently.
Proposal 6: Reporting contents include at least CSI-RS resource indices (agreed) and the corresponding CSI. If configured, the UE Rx beam IDs can be also included in the reporting contents.
3. Beam Indication

According to the beam reporting from the UE, the TRP informs the UE of the beams or BPLs to use for the DL signal reception. The following agreements related to beam indication were reached.
Agreements:
· For reception of DL control channel, support indication of spatial QCL assumption between an DL RS antenna port(s), and DL RS antenna port(s) for demodulation of DL control channel 

· FFS: signaling method 
· Note: Indication may not be needed for some cases:
· For reception of DL data channel, support indication of spatial QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel 

· FFS: which DL RS(s) to use for this purpose
· Different set of DMRS antenna port(s) for the DL data channel can be indicated as QCL with different set of RS antenna port(s)

· Option 1: Information indicating the RS antenna port(s) is indicated via DCI

· FFS: whether the information indicating the RS antenna port(s) will be assumed only for the scheduled “PDSCH” or until the next indication

· Option 2: Information indicating the RS antenna port(s) is indicated via MAC-CE, and will be assumed until the next indication

· Option 3: Information indicating the RS antenna port(s) is indicated via a combination of MAC CE and DCI
· At least one option is supported

· FFS: whether to support either or both options

· FFS: whether the information indicating the RS antenna port(s) for DMRS ports for DL control channel also applies to DMRS ports for DL data channel

· Note: Indication may not be needed for some cases:
If the UE reports only a single UE Rx beam, information on QCL assumption may not be needed for Rx beam selection purpose i.e., the UE always assumes the reported UE Rx beam for the DM-RS port(s) and data reception. If the UE reports multiple UE Rx beams to the TRP, the TRP needs to indicate which UE Rx beam to use for DMRS and data reception. This information corresponds to a spatial QCL assumption between DL RS antenna ports used for beam measurement and DM-RS ports. Taking Fig. 1 as an example, BPLs B2-b2, B3-b3 and B3-b2 are available at TRP. If a DMRS port is quasi-co-located with B2 and B3 (associated with CSI-RS ports), UE will receive the corresponding DMRS and data using Rx beam b2. If a DMRS port is quasi-co-located with only B3, UE will receive the corresponding DMRS and data using Rx beam b3. In addition, there are other cases where DMRS port #0 is quasi-co-located with B2 and DMRS port #1 is quasi-co-located with B3 (Any beam indication may not be needed if the UE knows it uses both DMRS ports). The remaining issue is how to indicate the above spatial QCL assumptions.

For the DL control channel reception, signaling method would be different depending on the purpose or the contents of DCI. More specifically, if UE-specific search space is intended, UE-specific higher layer signaling such as RRC and MAC layer signaling will be used. In this case, the DL RS used for spatial QCL assumption would be CSI-RS. The necessity of dynamic signaling for this purpose is not clear yet. On the other hand, if NR-PDCCH is intended for TRP-specific, or UE-group specific usage cases such as system information scheduling, RAR, and paging, beam indication would be performed by broadcast information. In this case, DL RS used for spatial QCL assumption would include some options such as SS-block, RS for mobility, and CSI-RS.
Proposal 7: For UE-specific DL control channel reception, spatial QCL assumptions between a CSI-RS antenna port(s), and DL RS antenna port(s) for demodulation of DL control channel are provided by higher layer signaling.

Proposal 8: For common DL control channel reception, spatial QCL assumptions between one of SS-block, RS for mobility purpose, and CSI-RS antenna port(s) and DL RS antenna port(s) for demodulation of DL control channel are provided by broadcast information.

For the NR-PDSCH, we consider that the use of CSI-RS is appropriate as is the case with NR-PDCCH. Regarding the signaling, the DCI can be used to indicate UE Rx beam for DMRS and data reception. However, it may be unclear how to define the contents indicated by DCI. The contents could be fixed in specification, or are configured by MAC CE/RRC signaling. The simplest approach is that the contents just follow the spatial QCL assumptions configured for the NR-PDCCH and switch them dynamically via DCI. 
Proposal 9: For the NR-PDSCH reception, spatial QCL assumptions between a CSI-RS antenna port(s), and DL RS antenna port(s) for demodulation of DL control channel for the NR-PDCCH are reused and one of spatial QCL assumptions is indicated by DCI.

4. Conclusion
In this contribution, we showed our views on remaining issues on beam reporting and indication. In summary, we made the following proposals on beam reporting.
Proposal 1: Select Alt. 1 and confirm the working assumption, i.e., UE reports information about TRP Tx beam(s) that can be received using selected UE Rx beam set(s). 
Proposal 2: Specify the number of UE Rx beams that the UE can report, or support higher layer singling to indicate the number of UE Rx beams that the UE can report.

Proposal 3: For aperiodic CSI reporting, DCI can indicate the number of beams for reporting.

Proposal 4: For semi-persistent CSI reporting, MAC-CE can indicate the number of beams for reporting.

Proposal 5: For periodic CSI reporting, multiple beam reporting settings can be configured. Each reporting setting can include information on multiple beams. Periodicity of each reporting setting can be configured independently.

Proposal 6: Reporting contents include at least CSI-RS resource indices (agreed) and the corresponding CSI. If configured, the UE Rx beam IDs can be also included in the reporting contents.

Also, we made the following proposals on beam indication.
Proposal 7: For UE-specific DL control channel reception, spatial QCL assumptions between a CSI-RS antenna port(s), and DL RS antenna port(s) for demodulation of DL control channel are provided by higher layer signaling.

Proposal 8: For common DL control channel reception, spatial QCL assumptions between one of SS-block, RS for mobility purpose, and CSI-RS antenna port(s) and DL RS antenna port(s) for demodulation of DL control channel are provided by broadcast information.

Proposal 9: For the NR-PDSCH reception, spatial QCL assumptions between a CSI-RS antenna port(s), and DL RS antenna port(s) for demodulation of DL control channel for the NR-PDCCH are reused and one of spatial QCL assumptions is indicated by DCI.
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