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1. Introduction
At the RAN1#88 meeting, big progress had achieved in beam management. In this document, we describe our general views on beam management procedure and resolve the detailed remaining issues.
2. Beam Reporting 
At the RAN1#88 meeting, the working assumption on group based beam reporting is confirmed. General information related to beam reporting was agreed while the detailed report content is still FFS. The agreements are captures as follows [1].
	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
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
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  
· [bookmark: OLE_LINK2]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


Hence, the remaining issues include:
· What kind of detailed content need to be reported for beam management 
· Possible down selection of group based beam reporting schemes.
2.1 Correlation Feedback for Group Based Reporting
It is expected that MIMO are used to achieve better system performance in NR. The idea is that if the propagation channels between each pair of transmit and receive antennas is statistically independent and identically distributed, then multiple independent channels with identical characteristics can be created by precoding/beamforming. On the other hand, if the channel propagation condition is much concentrated, then focusing transmission power in specific beam directions may improve the coverage. As massive MIMO technology is used in NR, probably with hybrid beamforming architecture, one shall also consider how to exploit the channel correlation features for both analog beamforming and digital beamforming. As NR may exploiting the channel properties by using beam management. Channel correlation shall be managed by beam correlation.
The beam correlation can be understood as Tx beam correlation or Rx beam correlation or Tx-Rx beam pair link correlation. It is very important to understand relationship/correlation between beams as shown in the following examples.
For example, considering UE mobility for precoding system, it is important that the beams are smoothly switched without coverage hole, i.e., beam tracking. In this case, it is very important that we select multiple neighboring (correlated) beams as backup. On the other hand, as shown in Fig. 2, in order to avoid link failure by blockage, it is important that separated (uncorrelated) beams are to be selected as backup. As another example, uncorrelated beams are also used for multiple rank transmission.
These different mechanisms should be efficiently distinguished depending on the use cases.
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Figure 1 beam combining for high-correlated beams
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Figure 2 beam switching for low-correlated beams
It was agreed in NR that the UE can report beam related information on N out of K CSI-RS resources. Based on the agreements from RAN1#88, it was further clarified that such information includes:
· Information indicating group
· Measurement quantities
· Information indicating Nl DL Tx beam(s) when applicable
The agreed general content of beam reporting focus on information related to each beam, and the grouping information, which are mainly motivated by the UE Rx beam selection or panel selection. It is possible to utilize the Rx beam grouping to distinguish between different Rx beam correlation conditions. However, Tx beam correlation has not been addressed yet, no matter which beam grouping scheme will be adopted. In order to support a better exploitation of the channel correlation information at the gNB side to do better scheduling, we propose to support Tx beam correlation information feedback.
Proposal 1: Tx beam correlation information should be included in beam reporting.	 FFS detailed design of correlation feedback.
2.2 Beam Reporting for Rx Beam Set Based Reporting
For each group l, the biggest issue for beam reporting 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. 
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Figure 4 Rx beam set based beam reporting.
Proposal 2: Support Alt. 1 (UE reports information about TRP Tx beam(s) that can be received using selected UE Rx beam set(s)).
Proposal 3: Introduce mechanism to restrict the number of UE Rx beams that the UE can report, e.g., specified in the spec or higher layer singling.
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 unicast DL data channel, support indication of spatial QCL assumption between DL RS antenna port(s) and DMRS antenna port(s) of DL data channel: Information indicating the RS antenna port(s) is indicated via DCI (downlink grants)
· The information indicates the RS antenna port(s) which is QCL-ed with DMRS antenna port(s) 
· FFS: Indication details
· E.g. explicit indication of RS port/resource ID, or implicitly derived 
· FFS when the indication is applied (e.g., the indication is assumed only for the scheduled PDSCH or until next indication; when the above information is included, if there should be a scheduling/beam switch offset, etc.)
· FFS: Beam indication for receiving fall back unicast PDSCH (if supported)
· Note: related signalling is UE-specific
· FFS: Beam indication (if needed) for receiving (UE-group) common PDSCH for RRC connected UE
· Candidate signalling methods for beam indication for a NR-PDCCH (i.e. configuration method to monitor NR-PDCCH)
· MAC CE signalling
· RRC signalling
· DCI signalling
· Spec-transparent and/or implicit method
· Combination of the above


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. 4 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 4: 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 5: 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 6: 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. Framework of PDCCH Transmission
[bookmark: OLE_LINK1]For communication at high frequency band, hybrid beamforming and multi-beam system are considered to overcome the high path loss between TRP and UE. The robustness of PDCCH transmission is a big challenge for NR study. To support robustness against beam pair link blocking for PDCCH transmission, following agreements achieved in last meeting [1].
	Agreements:
· NR-PDCCH transmission supports robustness against beam pair link blocking
· UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where
· M≥1. Maximum value of M may depend at least on UE capability.
· FFS: UE may choose at least one beam out of M for NR-PDCCH reception
· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols
· FFS: NR-PDCCH on one beam pair link is monitored with shorter duty cycle than other beam pair link(s). 
· FFS: time granularity of configuration, e.g. slot level configuration, symbol level configuration
· FFS: Note that this configuration applies to scenario where UE may not have multiple RF chains
· FFS: The definition of monitoring NR-PDCCH on beam pair link(s).
· Parameters related to UE Rx beam setting for monitoring NR-PDCCH on multiple beam pair links are configured by higher layer signaling or MAC CE and/or considered in the search space design
· FFS: Required parameters
FFS: Need to support both higher layer signaling and MAC CE


[bookmark: OLE_LINK4]As multiple typical scenarios are defined in NR, different communication features are required for different scenarios. For example, URLLC requires high robustness and low latency, while eMBB requires high data rate and maybe lower robustness compared to URLLC. And the different channel environments require different robustness, e.g., when the UE speed is high and the environment sensitive to blockage, TRP shall repeat the NR-PDCCH on multiple beams to improve the robustness, while when the UE speed is slow and the channel environment is good, TRP shall transmit NR-PDCCH in a single beam to reduce the monitoring overhead.
The NR-PDCCH transmission also depends on the UE capability. As we discussed in section 2, if UE is equipped with multiple panels with independent TRP, multiple BPLs corresponding to different panels can be measured simultaneously. On the other hand, if UE is equipped with multiple panels with common TRP, multiple BPLs corresponding to different panels can’t be measured simultaneously but should be measured, e.g., by different OFDM symbols. The UE capability is also limited by the computing power and other hardware implementations.
Based on the overall consideration, different NR-PDCCH transmission schemes may needed for different cases, e.g., different robustness requirement, different UE capability. And the specific features of each transmission scheme should be further defined, e.g., UE behavior, TRP behavior and related singling design.
Proposal 7: Consider multiple PDCCH transmission schemes for different UE capability. 
5. Summary
In this contribution, we described our views on the framework of beam management. We made the following proposals.
Proposal 1: Tx beam correlation information should be included in beam reporting.	 FFS detailed design of correlation feedback.
Proposal 2: Support Alt. 1 (UE reports information about TRP Tx beam(s) that can be received using selected UE Rx beam set(s)).
Proposal 3: Introduce mechanism to restrict the number of UE Rx beams that the UE can report, e.g., specified in the spec or higher layer singling.
Proposal 4: 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 5: 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 6: 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.
Proposal 7: Consider multiple PDCCH transmission schemes for different UE capability. 
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Measured BPLs

Reporting (V=3 and M=2)
1st BPL: B2-b2 - Report
2nd BPL: B3-b3 > Report
3rd BPL: B4-b4 > Not report
4th BPL: B3-b2 > Report




