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Introduction

In the plenary RAN#86 meeting, the following objectives on the enhancements on NR-MIMO were laid out regards to multi-TRP deployment [1]:

· Enhancement on the support for multi-TRP deployment, targeting both FR1 and FR2:
1. 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 
2. Identify and specify QCL/TCI-related enhancements to enable inter-cell multi-TRP operations, assuming multi-DCI based multi-PDSCH reception
3. Evaluate and, if needed, specify beam-management-related enhancements for simultaneous multi-TRP transmission with multi-panel reception
4. Enhancement to support HST-SFN deployment scenario:
a. 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
b. 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

This contribution discusses various issues in beam management enhancements in multi-TRP deployments.
UE multi-beam enhancements for multi-TRP scenarios

The default spatial relation and pathloss reference RS assumptions for PUCCH, PUSCH and SRS were specified in Rel. 16. However, the specified features are applicable only in the case of single TRP deployments. The extensions to multi-TRP scenarios shall be carried out in this release.

When a PUCCH resource is not provided a spatial relation, the UE uses the QCL-typeD RS of the CORESET with the lowest ID in the active DL BWP to obtain the spatial relation for the PUCCH. This is also applicable only when there is no CORESETpoolIndex values configured or no CORESET is configured with a CORESETpoolIndex value of 1. Therefore, to support multi-TRP deployments for the features, and in a bid to reduce signalling latency and overhead, the default pathloss and spatial relation assumption feature shall be extended to the PUCCH. The following proposals is provided to achieve it:

Proposal 1: The PUCCH resources may be associated with a CORESETpoolIndex via a higher layer. The UE may obtain the default spatial relation and pathloss reference RS of the PUCCH resource from the QCL assumptions of one of the CORESETs configured with the same CORESETpoolIndex as the PUCCH resource in the active DL BWP.

Similar to the default PL RS for PUCCH, in the case of PUSCH scheduled with DCI format 0_0 or with DCI format 0_1 without an SRI, the QCL type-D RS of the CORESET with the lowest ID in the active DL BWP is used as PL RS. To extend to multi-TRP deployments, the PUSCH transmissions scheduled to different TRPs should be able to derive the PL RS and spatial relation from two different DL RSs. Since this agenda item also includes the enhancement of PUSCH scheduling to multiple TRPs, the solution should take into account PUSCH scheduled by multiple TRPs via multiple PDCCHs to be transmitted to the respective TRPs and PUSCH scheduled via a single PDCCH to be transmitted to multiple TRPs for reliability purposes. A solution for the default assumptions must take into account both the scenarios. Therefore, for PUSCH transmissions scheduled to two different TRPs, the PL RS for the PUSCH may be provided by different SRI-PUSCH-PowerControl IDs or PUSCH-PathlossReferenceRS IDs.

Proposal 2: When PUSCH is scheduled with DCI format 0_0 or with DCI format 0_1 without an SRI, the multi-TRP extension of the default PL RS and spatial relation assumption should consider the following scenarios:
· Scheduling of multiple PUSCH transmissions via multiple PDCCHs, each to a different TRP, and
· Scheduling of multiple PUSCH transmissions via a single PDCCH, wherein each PUSCH transmission may be to a different TRP.
Proposal 3: The PL RS for the PUSCH may be provided by different SRI-PUSCH-PowerControl IDs or PUSCH-PathlossReferenceRS IDs, which would be applicable in both the aforementioned scenarios.

For SRS, the default PL RS is provided by the the QCL type-D RS of the CORESET with the lowest ID in the active DL BWP or the active PDSCH TCI state with lowest ID in the active DL BWP, if CORESETs are not provided in the serving cell. To extend to multi-TRP, associating an SRS resource set with a CORESETpoolIndex and deriving the PL RS for the SRS from the CORESET with the lowest ID in the corresponding CORESETpoolIndex can be performed. The method of association, however, has to be separately studied for aperiodic, semi-persistent and periodic SRS. A unified approach may be taken via RRC configuration, but it would be difficult to dynamically modify the TRP association. In the case of SP and AP-SRS, lower-layer-based association would be more helpful as during the triggering or before the triggering the TRP association can be applied.

Proposal 4: Associate SRS resource set(s) with CORESETpoolIndex values to extend the default PL RS assumption feature for SRS in multi-TRP scenarios.
· Special attention to be paid to different SRS time-domain behaviours.
Conclusion

The following proposals are made from the discussion above:

Proposal 1: The PUCCH resources may be associated with a CORESETpoolIndex via a higher layer. The UE may obtain the default spatial relation and pathloss reference RS of the PUCCH resource from the QCL assumptions of one of the CORESETs configured with the same CORESETpoolIndex as the PUCCH resource in the active DL BWP.

Proposal 2: When PUSCH is scheduled with DCI format 0_0 or with DCI format 0_1 without an SRI, the multi-TRP extension of the default PL RS and spatial relation assumption should consider the following scenarios:
· Scheduling of multiple PUSCH transmissions via multiple PDCCHs, each to a different TRP, and
· Scheduling of multiple PUSCH transmissions via a single PDCCH, wherein each PUSCH transmission may be to a different TRP.
Proposal 3: The PL RS for the PUSCH may be provided by different SRI-PUSCH-PowerControl IDs or PUSCH-PathlossReferenceRS IDs, which would be applicable in both the aforementioned scenarios.

Proposal 4: Associate SRS resource set(s) with CORESETpoolIndex values to extend the default PL RS assumption feature for SRS in multi-TRP scenarios.
· Special attention to be paid to different SRS time-domain behaviours.
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