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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 multi-TRP deployment enhancements.
PDCCH reliability enhancements

Enhancing PDCCH reliability via multi-TRP transmissions in a manner similar to PDSCH in Rel. 16 is vital for URLLC use cases. A straightforward extension from the PDSCH reliability features for PDCCH would be the repetition of the PDCCH. A simple method to do that would be to transmit the same PDCCH on two different CORESETs. In addition, if the CORESETs are configured with different CORESETpoolIndex values, the PDCCH would essentially be transmitted from different TRPs.

Proposal 1: Perform transmission of the same PDCCH on two different CORESETs to improve PDCCH reliability.

Proposal 2: The two CORESETs on which the PDCCH is transmitted may be configured with different CORESETpoolIndex values.

The specification of the above feature would require revisiting the mapping of the PDCCH candidates in a search space set to more than one CORESET or the correspondence between PDCCH candidates in different CORESETs that comprise the same DCI content.
PUSCH reliability enhancements

PUSCH reliability enhancement via multi-TRP or multi-panel transmissions, similar to the DL channels, is important for URLLC scenarios. The scheduling of PUSCH repetitions to multiple TRPs involves the discussion of the following:
· multiplexing method,
· UE panel or port selection for transmission,
· power control indication, and
· spatial relation indication
among others. A simple starting point for PUSCH reliability enhancement would be the time domain repetition of PUSCH with different spatial relations and power control indications to transmit to different TRPs.

Proposal 3: Specify time domain repetition of PUSCH with two different spatial relation and power control settings to transmit to two TRPs.

Similar to PDSCH repetition in Rel. 16 (inter-slot TDM), the number of repetitions can be configured via a higher layer and the mapping of the spatial relation information and power control information may be performed via the cyclic or sequential mapping used in Rel. 16. The power control information to be mapped may be obtained from two different SRI-PUSCH-PowerControl IDs or PUSCH-PathlossReferenceRS IDs. The spatial relation may be obtained from two TCI-states down-selected for the PDSCH.

Proposal 4: Reuse the cyclic and sequential mapping of TCI-states in Rel. 16 PDSCH for the mapping of spatial relation and pathloss reference RS for PUSCH reliability enhancement with repetition.

Proposal 5: Obtain the pathloss reference RS and the spatial relation information with respect to the TRPs from SRI-PUSCH-PowerControl IDs or PUSCH-PathlossReferenceRS IDs and down-selected PDSCH TCI-states, respectively.
Conclusion

The following proposals are made from the discussion above:

Proposal 1: Perform transmission of the same PDCCH on two different CORESETs to improve PDCCH reliability.

Proposal 2: The two CORESETs on which the PDCCH is transmitted may be configured with different CORESETpoolIndex values.

Proposal 3: Specify time domain repetition of PUSCH with two different spatial relation and power control settings to transmit to two TRPs.

Proposal 4: Reuse the cyclic and sequential mapping of TCI-states in Rel. 16 PDSCH for the mapping of spatial relation and pathloss reference RS for PUSCH reliability enhancement with repetition.

Proposal 5: Obtain the pathloss reference RS and the spatial relation information with respect to the TRPs from SRI-PUSCH-PowerControl IDs or PUSCH-PathlossReferenceRS IDs, and down-selected PDSCH TCI-states respectively.
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