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Introduction
In 3GPP RAN #86, a new work item on further enhancement of MIMO has been approved. As shown below, the enhancement on multi-TRP is one of the objectives in this WI:
· Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
· Identify and specify features to improve reliability and robustness for channels other than PDSCH (that is, PDCCH, PUSCH, and PUCCH) using multi-TRP and/or multi-panel, with Rel.16 reliability features as the baseline 
· Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
· Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
· Enhancement to support HST-SFN deployment scenario:
· Identify and specify solution(s) on QCL assumption for DMRS, e.g. multiple QCL assumptions for the same DMRS port(s), targeting DL-only transmission
· Evaluate and, if the benefit over Rel.16 HST enhancement baseline is demonstrated, specify QCL/QCL-like relation (including applicable type(s) and the associated requirement) between DL and UL signal by reusing the unified TCI framework

Based on the WID listed above, we present our consideration on beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception.
Enhancements of beam measurement and reporting with multi-TRP
Analog beamforming is one of the key features introduced in Rel-15. It can ensure sufficient coverage and higher data rate in the millimeter-wave frequency bands with higher propagation loss. Analog beamforming requires Tx beam and Rx beam sweeping. Beam measurement and reporting can be based on SSB or CSI-RS, and periodic, aperiodic and semi-persistent beam report are supported in CSI framework. The reporting content for beam report can be CRI/SSBRI and LI-RSRP or LI-SINR. 
For transmission with multi-TRP introduced in Rel-16, two kinds of mechanisms are supported which are multi-DCI based transmission and single-DCI based transmission. In multi-DCI based transmission, each TRP schedules its PDSCH with one TCI state. In single-DCI based transmission, one PDCCH can indicate two TCI states for a single PDSCH. No matter multi-DCI or single-DCI for multi-TRP transmission is used, UE needs to receive two simultaneous beams coming from two TRPs. In such cases, UE needs to report two Tx beams that can be simultaneously received in the beam reporting procedure. There are two kinds of beam reporting modes specified in Rel-15 and Rel-16: one is group-based beam reporting and the other is non-group based beam reporting. In the current group-based beam reporting, although those two reported CSI-RS and/or SSB resources can be received simultaneously by the UE, the resource setting does not tell the UE about which RS resources belong to different TRPs. So even UE reports two different CRI or SSBRI, multi-TRP transmission can not be supported if those two reported CRIs or SSBRIs belong to one same TRP. In non-group based beam reporting, there is no indication on the reported CSI-RS resources and/or SSB that UE can receive simultaneously, then multi-TRP transmission cannot be supported for such beam reporting mode.
To support simultaneous reception in multi-TRP system, we can consider to enhance the group-based beam measurement and reporting.
Another method to enhance the beam measurement and reporting for multi-TRP is UE panel-specific beam measurement and reporting. In FR2 system, to receive simultaneous transmission from two TRPs, the UE might be equipped with multiple Rx panels. The UE can use one panel to receive DL transmission from the first TRP while another panel to receive transmission from the second TRP. The UE can first measure and report DL RS resources from each TRP with each Rx panel. The system can select Tx beams of different TRP that corresponds to different UE Rx panels for DL transmission.
Based on the above discussion, the beam reporting procedure needs to be enhanced for better supporting multi-TRP based transmission.
Proposal 1: Enhance beam measurement and reporting for better supporting multi-TRP transmission:
· Option 1: Enhance the Group based beam measurement and reporting multi-TRP transmission.
· Option 2: Support a UE panel-specific beam measurement and reporting.
Enhancements of BFR for multi-TRP
UE receives downlink control and data from multiple DL beams of all CORESETs configured by gNB. As in the current BFR mechanism, when the received signal quality of DL beam drops below a threshold, e.g. PDCCH BLER exceeds a configured value, UE may perceive the failure of that beam. When all beams from all the CORESET fail, UE will report beam failure to gNB. From the procedure above, we can see that there is no failure detection per CORESETpoolindex. In a multi-TRP system, the issue of current BFR mechanism is when the beam failure occurs in one TRP, UE will not report beam failure and BFR will not be initiated. In such case, multi-TRP cannot work, as a result, loss in spectral efficiency is expected unless RLF is initiated for that TRP.
Proposal 2: Per TRP BFR can be supported to avoid RLF in one of the coordinated TRPs as much as possible.
Enhancements of beam indication for multi-TRP
The analog Tx beam should be informed to UE in advance and UE will adjust the Rx beam according optimal Tx/Rx beam pair which is stored in UE during the beam measurement procedure. The beam indication is provided by a reference RS resource for spatial QCL indication. UE is configured with a set of TCI states and each TCI state is associated with one or two reference resources. The reference resource can be SSB or CSI-RS.
For downlink control channel, a set of TCI states is configured by RRC and one of the TCI states will be activated by MAC-CE. UE will follow the activated TCI state and corresponding search space to blind decode the PDCCH. For multi-TRP based transmission, CORESET pool index is introduced to differentiate different TRP. UE is aware of the TRP when 2 different CORESET pool indices are configured by RRC.
For PDSCH, the DCI may carry a TCI to indicate spatial QCL of the scheduling PDSCH. If TCI is not present, the QCL of PDSCH follows the TCI of CORESET carring the DCI or the CORESET with the lowest ID. If TCI is present, for single-DCI, up to 2 TCI states can be indicated in one TCI codepoint in DCI which represents the PDSCH is scheduled from 2 TRPs, for multi-DCI, only one TCI state can be indicated per DCI. The multi-DCI transmitted from CORESETs with different CORESETpoolndex indicates the PDSCH on multi-TRP. As the discussion above, the beam indication for downlink channel can support multi-TRP based transmission well.
A set of spatial relations are configured by RRC signalling and activated by MAC-CE for the beam indication of PUCCH transmission. Only one spatial relation info can be activated for each PUCCH resource in Rel-16. If different repetitions of PUCCH are transmitted to different TRPs, at least indication of two beams are needed.
The spatial relation for PUSCH is indicated by the SRI in DCI 0_1 or DCI 0_2. If the repetitions of PUSCH are transmitted to multiple TRPs, multiple SRS resource sets or multiple SRIs can be a considered as candidates to indicate different spatial relations. For PUSCH schedule by DCI 0_0, UE shall transmit PUSCH according to the spatial relation corresponding to the dedicated PUCCH resource. How to determine the spatial relation for such PUSCH if lowest PUCCH has multiple spatial relations needs further study.
Proposal 3: For PDSCH and PDCCH, no enhancement is needed for beam indication for multi-TRP
Proposal 4: For PUSCH and PUCCH, enhancement is needed for beam indication for multi-TRP.
Conclusions
In this contribution, we present our views on design of enhancements on multi-TRP for PDCCH, PUCCH and PUSCH. The following proposals were made based on the discussion above: 
Proposal 1: Enhance beam measurement and reporting for better supporting multi-TRP transmission:
· Option 1: Enhance the Group based beam measurement and reporting multi-TRP transmission.
· Option 2: Support a UE panel-specific beam measurement and reporting.
Proposal 2: Per TRP BFR can be supported to avoid RLF in one of the coordinated TRPs as much as possible.
Proposal 3: For PDSCH and PDCCH, no enhancement is needed for beam indication for multi-TRP
Proposal 4: For PUSCH and PUCCH, enhancement is needed for beam indication for multi-TRP.
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