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Introduction 
In RAN#86, the Rel-17 WID of further enhancements on MIMO (FeMIMO) for NR is approved [1], and the objectives related to multi-beam enhancements in the FeMIMO WID are the following:
Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 

In this contribution, we will share our views on the following aspects of multi-beam operation in FeMIMO:
· More efficient multi-beam operation
· Enhancements on multi-panel UE
· Evaluation methodology for multi-beam operation
Discussion
More efficient multi-beam operation
Common beam for data and control transmission/reception for DL and UL
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Figure 1. R15/16 common beam for DL and UL
When only a few beam pair links are maintained for both DL and UL, a set of common beams can be shared across channels and signals in DL and UL, thus signalling overhead and overhead from beam updating could be avoided. Also, UE doesn't have to track multiple spatial QCL sources to reduce complexity. In Rel-15, a common/default beam for PDSCH and PDCCH reception is specified if the PDSCH is scheduled by a DCI not having the TCI field present in the DCI and scheduling offset is equal to or greater than a threshold. In this case, to perform the PDSCH reception, UE will follow the spatial QCL assumption of the PDCCH carrying the DCI scheduling the PDSCH. In Rel-16, when corresponding RRC parameter is set to “enabled”, a particular CORESET or an active TCI state applicable to PDSCH is adopted as a common/default beam for dedicated PUCCH, SRS for CSI, or PUSCH scheduled by fallback DCI. In Rel-17, we see such common/default beam can be further extended to CSI-RS measurement at least for CSI acquisition, and PUSCH transmission scheduled by non-fallback DCI if SRI field is not present in non-fallback DCI. Rel-15/16 common/default beam for PDSCH/PUCCH/SRS/PUSCH could be a starting point.
Proposal 1: Introduce common/default beam for CSI-RS measurement at least for CSI acquisition, and PUSCH transmission scheduled by non-fallback DCI

Unified TCI framework for DL and UL beam indication
In a primary FR2 operation, a same set of DL RSs usually act as the spatial QCL sources for UE to determine both Rx beams for DL reception and Tx beams for UL transmission since beam correspondence generally holds for both gNB and UE. In Rel-15/16, however, configurations and signalling are separated for DL and UL beam indication even active TCI states and spatial relations usually include the same set of DL RSs. In order to avoid unnecessary overhead and latency from separate configurations and signalling, it would be beneficial if spatial QCL assumptions can be derived from a same framework for both DL and UL.
In our view, Rel-15/16 TCI framework already provides efficient and flexible beam updating schemes for PDCCH, PDSCH and different types of CSI-RS, and the functionality of Rel-15/16 TCI framework can be extended to PUCCH, PUSCH, and SRS as well. For example, if beam correspondence holds for a UE, a TCI state can be provided for an UL transmission, and the UE uses DL RS with QCL-TypeD in the TCI state as a spatial relation for the UL transmission. As we mentioned above, in the most common case, both UE Rx and UE Tx beams could be determined based on the same set of DL RSs, thus both DL and UL can share a common pool of TCI states including these DL RSs with QCL-TypeD. For how to indicate one of the TCI states for a PUCCH/PUSCH/SRS transmission could be further investigated. On the other hand, even beam correspondence doesn't hold for a UE, a TCI state still can be used for UL beam indication if an SRS resource is included in the TCI state with QCL-TypeD. Consequently, we don't see the need to introduce a new QCL framework to replace UL beam indication based on spatial relation, e.g., UL TCI state, which is not helpful to streamline the control of beam updating and not aligned with the objective of Rel-17 WID for FeMIMO [1].
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Figure 2. R17 enhancements for unified TCI framework for DL and UL beam indication

Proposal 2: Extend Rel-15/16 TCI framework to PUCCH, PUSCH, and SRS for UL beam indication
· Study how to indicate a TCI states for a PUCCH/PUSCH/SRS transmission
· Support SRS as a spatial QCL source in a TCI state at least for UL beam indication 

In Rel-15/16, PUCCH-SpatialRelationInfo activated by MAC-CE for a PUCCH resource provides a spatial relation and a power control setting (e.g., PL RS and P0 value) for the corresponding PUCCH transmission, as illustrated in Figure 3. If PUCCH-SpatialRelationInfo is replaced by a TCI state for UL beam indication, one open issue is how to indicate a power control setting for a PUCCH resource. Similar issue also happens if a TCI sate is used for PUSCH transmission. For a CB-based PUSCH transmission, UE determines a Tx beam according to the SRS resource indicated by SRI field in the scheduling DCI, where the SRS resource is included in the SRS resource set with usage set to 'codebook'. Meanwhile, SRI field in the scheduling DCI may indicate a power control setting provided by SRI-PUSCH-PowerControl for the PUSCH transmission. For a NCB-based PUSCH transmission, in addition to the power control setting, SRI in the scheduling DCI further indicates the port-related information based on the SRS resource(s) indicated by SRI field. If SRI field is replaced by e.g., TCI field in the scheduling DCI, for UL beam indication, how to provide a power control setting and/or port-related information (at least for NCB-based PUSCH) to a PUSCH transmission need to be studied as well.
Proposal 3: To extend Rel-15/16 TCI framework to a PUSCH/PUCCH transmission, study how to provide a power control setting to the PUCCH/PUSCH transmission.  
Proposal 4: To extend Rel-15/16 TCI framework to a non-codebook-based PUSCH transmission, study how to provide port-related information to the non-codebook-based PUSCH transmission.
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Figure 3. R15/R16 spatial relation and power control for PUCCH/PUSCH

Other aspects including signaling enhancements
In this section, we identify the following features to facilitate more efficient multi-beam operation from other aspects including signaling enhancements.
· BFD/RLM RS update by MAC CE
In Rel-15/16, a UE can be provided beam failure detection (BFD) RSs using explicit configuration by RRC or implicit configuration by QCL-TypeD RSs in TCI states for CORESETs that the UE uses for monitoring PDCCH. In the case of explicit configuration, detecionResource in RadioLinkMonitoringRS is the BFD RS or RLM RS according the usage defined as purpose as in the following RRC parameter
RadioLinkMonitoringRS ::=           SEQUENCE {
    radioLinkMonitoringRS-Id            RadioLinkMonitoringRS-Id,
    purpose                             ENUMERATED {beamFailure, rlf, both},
    detectionResource                   CHOICE {
        ssb-Index                           SSB-Index,
        csi-RS-Index                        NZP-CSI-RS-ResourceId
    },
    ...
[bookmark: _GoBack]If the UE moves around within a cell or the channel changes, the serving beam could be changed frequently. When the serving beam is changed, BFD/RLM RSs should be changed accordingly. However, if the gNB configures BFD/RLM RS by explicit configuration, the gNB can only update BFD/RLM RS by RRC reconfiguration which leads large latency. RRC reconfiguration latency (L3 signaling, generally 10ms) is usually much higher than MAC CE latency (L2 signaling, generally 3ms). Alternatively, the gNB reserves the UE specific BFD RS and change the beam in a UE transparent way, but it requires a lot of resources for all UEs as the number of UEs in the cell increase.
Instead of allocating the reserved BFD/RLM RS resources, the shared BFD/RLM RS can be assigned to the UE in the common pool of BFD/RLM RSs which have the different beams. The gNB updates the BFD/RLM RS by new designed MAC CE without RRC reconfiguration whenever the serving beams of DL and UL (TCI states / Spatial relations) needs to be changed according to the channel environment or UE’s movement. When the UE receives resource index(es) for SSB or NZP CSI-RS for indicated radio link monitoring RS (BFD/RLM RS), the UE updates detectionResource in corresponding radio link monitoring RS as the indicated resource. When the gNB updates BFD/RLM RS by MAC CE, it can update multiple BFD/RLM RS simultaneously by single MAC CE.
Proposal 5: Support one or more BFD/RLM RS update by single MAC-CE

· Associated CSI-RS update in an SRS resource set with usage=‘nonCodebook’
In Rel-16, new MAC CE was introduced to update the spatial relation of aperiodic SRS resource and path-loss RS to reduce the latency of uplink beam update and indication. In the case of non-codebook UL transmission, the UE calculates uplink precoder from associated DL CSI-RS which is configured by csi-RS for aperiodic SRS resource set and associatedCSI-RS for semi-persistent/periodic SRS resource set. However, csi-RS and associatedCSI-RS in the SRS resource set with usage=’nonCodebook’ should be updated when the serving beam is changed. We still need to use RRC reconfiguration to update these fields. Therefore, we have the following proposal to reduce the latency of non-codebook UL transmission.
Proposal 6: Update associated DL CSI-RS in the SRS resource set with usage=‘nonCodebook’ by MAC-CE

· Simultaneous TCI state activation for NZP CSI-RS across CCs/BWPs
In Rel-16, we have introduced simultaneous TCI state/spatial relation update across CCs/BWPs for CORESET, PDSCH, and SP/AP SRS. However, in our view, the same benefit can be achieved if we update a TCI state for NZP CSI-RS across CCs/BWPs. Therefore, we would like to propose the same procedure for NZP CSI-RS. When a TCI state ID is activated for a NZP CSI-RS resource by a MAC CE for a set of CCs/BWPs for the same or different band, where the applicable list of CCs is indicated by RRC signalling, the TCI state ID is applied for the NZP CSI-RS resource(s) with the same NZP CSI-RS resource ID for all the BWPs in the indicated CCs.
Proposal 7: Support TCI-state update for NZP CSI-RS for a set of CCs in the same or different band by single MAC-CE

Enhancements on multi-panel UE 
Basic assumptions of multi-panel UE for Rel-17 enhancement
For operation in FR2, a UE usually has more than one panels to achieve full coverage and increase possibility to access the TRP(s). However, in Rel-15, one active panel at a time for both DL and UL is generally assumed for a multi-panel UE. Which panel is activated out of the equipped panels is controlled by the UE and transparent to the network. In Rel-16, PDSCH/PDCCH can be transmitted from different TRPs, and a UE may be capable to support DL reception for simultaneous multi-TRP transmission in FR2 if multiple panels can be activated at a time. In Rel-17, for a multi-panel UE, we see that it would be beneficial to have more than one active panels at a time at least for the following purposes:
· UL coverage loss mitigation due to Maximum Power Emission (MPE)
· Improve directional diversity for both DL & UL to avoid link blockage
[image: ]
Figure 4. Multi-panel UE activates more than panels
However, it should be cautious that a UE working with more than one active panels will suffer from considerable power consumption and might trigger thermal issue. On the other hand, a UE usually has better knowledge compared to a gNB to control which panel(s) is activated for DL reception or UL transmission and the number of active panels at a time. In this sense, in Rel-17, panel activation/deactivation should be left to UE decision that might be based on DL measurements, UE power control, or MPE management.    
Proposal 8: The followings are assumed for Rel-17 enhancement on multi-panel UE:
· More than one panels can be activated at a time
· UE controls panel activation and deactivation for DL reception and/or UL transmission

Panel-specific UL beam selection
According to the scope of FeMIMO WID [1], RAN1 should investigate UL panel selection based on UL beam indication with the unified TCI framework. As we mentioned before, a primary FR2 operation uses DL beam management to determine good DL RSs for the UL beam selection, and the DL RSs can be included in TCI states as spatial QCL sources for UL beam indication. In light of this objective, FeMIMO should only introduce specification enhancement based on DL beam management for panel-specific UL beam selection. Any enhancement based on UL beam management using SRS-based beam search and selection is least important.
Proposal 9: In Rel-17, only introduce enhancement based on DL beam management for panel-specific UL beam selection 

During the DL measurement for beam management, a multi-panel UE may activate more than one panels to determine performance of each panel. A conventional multi-panel UE may select one preferred panel for both DL reception and UL transmission according to the measurement results. In Rel-17, an advanced multi-panel UE may select more than one preferred panels for UL transmission to e.g., improve directional diversity, or select different preferred panels for DL reception and UL transmission, respectively, to avoid P-MPR due to MPE. Then, UE reports a set of DL RSs with good qualities measured from the preferred panel(s) to gNB, and gNB could activate corresponding TCI states based on the beam reporting. However, based on Rel-15/16 beam reporting, even the reported DL RSs are measured from different preferred panels and UE may have different plans on the preferred panels, gNB cannot share the same understanding from beam reporting to determine whether reported DL RSs correspond to separate panels or which reported DL RSs are feasible to be used as spatial relations for UL transmission from a panel. Therefore, it is beneficial if UE would be able to share information to gNB to maintain the same understanding on panel configuration for the reported DL RSs. Once gNB gets such information from UE, gNB can schedule UL transmission on a proper panel though the unified TCI framework. 
Observation 1: It is beneficial if UE would be able to share information to gNB to maintain the same understanding on panel configuration for the reported DL RSs

In Rel-15/16, a TCI state provides QCL source(s) for UE to determine proper receiver parameters for DL reception, and the mapping between active TCI state(s) and UE Rx beam(s) is UE implementation. UE may determine/maintain a preferred Rx beam for the spatial QCL source included in the active TCI state based on DL measurement results on the spatial QCL source. Following the same logic, in Rel-17, if panel activation and deactivation for DL reception and/or UL transmission are decided by UE itself, the mapping between active TCI state(s) and UE panel(s) should be UE implementation as well, and gNB doesn’t have to provide panel-related information (e.g., panel ID) in addition to spatial QCL source in the TCI states.
Observation 2: If panel control is left to UE decision, the mapping between active TCI state(s) and UE panel(s) should be UE implementation as well, and gNB doesn’t have to provide panel-related information (e.g., panel ID) in addition to spatial QCL source in the TCI states.

In summary, for UE-centric panel control based on DL beam management, we see UE usually has better knowledge to maintain its panel configuration for UL transmission (e.g., activate one or more panels and activate which panel), and UE could provide corresponding information along with beam reporting to let gNB know how to properly perform panel-specific UL beam selection based on the information reported from UE. Thus, FeMIMO should study how to provide information of panel configuration corresponding to the reported DL RSs to gNB to facilitate panel-specific UL beam selection.
Proposal 10: Study how to provide information of panel configuration corresponding to the reported DL RSs to gNB to facilitate panel-specific UL beam selection.

Enhancement on multi-panel UE for simultaneous multi-TRP transmission
In FeMIMO WID [1], enhancement on beam management for simultaneous multi-TRP transmission with multi-panel reception was identified to be studied. Even the motivation of enhancement on multi-panel UE is different from panel-specific UL beam selection and separated in another agenda item, some aspects are still aligned. First, more than one panels can be activated at a time is assumed for multi-panel UE. Second, they face similar issue that how gNB get information of panel configuration or control panel configuration. Furthermore, introducing separate frameworks for them may increase control overhead and complicate UE behavior. For example, RAN1 may be required to handle the conflict behaviours if UE supports both frameworks. As a result, in Rel-17, it would be better to share the same assumption and introduce a unified framework to facilitate both UL transmission and DL reception for multi-panel UE.
Proposal 11: In Rel-17, for enhancement on multi-panel UE, introduce a unified assumption and framework to facilitate both UL transmission and DL reception.
Conclusion
In this contribution, enhancement on multi-beam operation for FeMIMO was discussed. Based on the discussion in the previous sections, we made the following proposals and observations:

More efficient multi-beam operation
Proposal 1: Introduce common/default beam for CSI-RS measurement at least for CSI acquisition, and PUSCH transmission scheduled by non-fallback DCI
Proposal 2: Extend Rel-15/16 TCI framework to PUCCH, PUSCH, and SRS for UL beam indication
· Study how to indicate a TCI states for a PUCCH/PUSCH/SRS transmission
· Support SRS as a spatial QCL source in a TCI state at least for UL beam indication 
Proposal 3: To extend Rel-15/16 TCI framework to a PUSCH/PUCCH transmission, study how to provide a power control setting to the PUCCH/PUSCH transmission.  
Proposal 4: To extend Rel-15/16 TCI framework to a non-codebook-based PUSCH transmission, study how to provide port-related information to the non-codebook-based PUSCH transmission.
Proposal 5: Support one or more BFD/RLM RS update by single MAC-CE
Proposal 6: Update associated DL CSI-RS in the SRS resource set with usage=‘nonCodebook’ by MAC-CE
Proposal 7: Support TCI-state update for NZP CSI-RS for a set of CCs in the same or different band by single MAC-CE

Enhancements on multi-panel UE
Proposal 8: The followings are assumed for Rel-17 enhancements on multi-panel UE:
· More than one panels can be activated at a time
· UE controls panel activation and deactivation for DL reception and/or UL transmission
Proposal 9: In Rel-17, only introduce enhancement based on DL beam management for panel-specific UL beam selection 
Observation 1: It is beneficial if UE would be able to share information to gNB to maintain the same understanding on panel configuration for the reported DL RSs
Observation 2: If panel control is left to UE decision, the mapping between active TCI state(s) and UE panel(s) should be UE implementation as well, and gNB doesn’t have to provide panel-related information (e.g., panel ID) in addition to spatial QCL source in the TCI states.
Proposal 10: Study how to provide information of panel configuration corresponding to the reported DL RSs to gNB to facilitate panel-specific UL beam selection.
Proposal 11: In Rel-17, for enhancement on multi-panel UE, introduce a unified assumption and framework to facilitate both UL transmission and DL reception.
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