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Introduction
In 3GPP RAN #86, a new work item on further enhancement of MIMO has been approved[1]. As shown below, the enhancement on multi-TRP operation is one of the objectives for 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 scope listed above, we present our consideration on the enhancements of PDCCH, PUCCH and PUSCH using multi-TRP and/or multi-panel.
Enhancements on PDCCH
The reliability of PDCCH transmission impacts the system performance and user experience significantly. Robust transmission scheme for PDCCH is needed to ensure sufficient cell coverage, reliability and spectral efficiency of the system. In Rel-16, URLLC enhancement for reliable PDSCH transmission has been discussed and specified. Four multi-TRP based transmission schemes are introduced in Rel-16 for PDSCH transmission.  Similar to PDSCH, at least TDM and FDM can be considered for reliability enhancement of PDCCH considering only single port for PDCCH.
For FDM scheme, different frequency resources (e.g. REGs) are allocated for different TRP and same DMRS port can be shared between the two TRPs. It can be further studied how to allocate resources between TRPs. For TDM scheme, each repetition of PDCCH transmitted from one TRP occupies one transmission occasion in time domain, e.g. in different OFDM symbols or different slots. How to allocate time domain resource for each repetition and whether the physical resource used for each repetition of PDCCH should be same or not need further study.
Proposal 1: Study FDM and TDM for PDCCH enhancement in Rel-17.
Besides the transmission scheme for PDCCH enhancement, the indication of TCI states should also be considered. For PDCCH repetitions via multiple TRPs, each repetition needs to be associated with a TCI state. Considering current framework of PDCCH transmission, the following approaches can be considered: 
· [bookmark: _Hlk47384805]One search space is associated with one CORESET where two TCI states are activated for the CORESET at the same time. Each repetition of PDCCH can be associated with one TCI state for the CORESET associated with that search space.
· One search space is associated with two CORESETs.  Each repetition of PDCCH can applies the TCI state of one CORESET associated with that search space.
· Two search spaces are used for PDCCH repetition and each search space is associated with one CORESET. Each repetition of PDCCH can be transmitted via one of the search spaces.
Proposal 2: Study the following schemes to support multi-TRP based PDCCH enhancement for URLLC:
· One search space is associated with one CORESET where two TCI states are activated for the CORESET at the same time. Each repetition of PDCCH can be associated with one TCI state for the CORESET associated with that search space.
· One search space is associated with two CORESETs. Each repetition of PDCCH can applies the TCI state of one CORESET associated with that search space.
· Two search spaces are used and each search space is associated with one CORESET. Each repetition of PDCCH can be transmitted via one of the search spaces.
Enhancements on PUCCH
Considering UL STxMP is not supported in Rel-17, only one beam can be used for PUCCH transmission at the same symbol. In this case, also considering the PAPR issue, TDM seems to be the only choice for reliability enhancement for PUCCH. In Rel-15, PUCCH repetition is supported for PUCCH format 1, 3 and 4, where the number of repetitions is configured by RRC.  If number of repetitions is more than one, UE repeats the PUCCH transmission in the consecutive slots. This mechanism can be the starting point for further enhancement on PUCCH repetition, e.g. support of more flexible signaling It can be further studied whether PUCCH repetition can be also extended to other PUCCH format, e.g. PUCCH format 0/2. 
In addition to the enhancement for PUCCH transmission scheme, the beam indication mechanism also needs to be extended to support transmission targeting M-TRP . For repetition transmission of PUCCH via multi-TRP, multiple spatial relations can be configured for repetitions targeting different TRPs. The mapping pattern between configured spatial relations and PUCCH repetitions should be specified. 
Proposal 3: Support repetition of PUCCH via multiple TRPs in TDM manner in Rel-17.
Proposal 4: Specify the mapping pattern between spatial relations of PUCCH and PUCCH repetitions.
Enhancements on PUSCH
Similar to the consideration on PUCCH, at least TDM-based repetition scheme can be considered for PUSCH in multi-TRP case. PUSCH repetition for single TRP case was introduced in Rel-16 for eURLLC. For different traffic types with different requirements on latency and reliability, PUSCH repetition type A and PUSCH repetition B are introduced in Rel-16. For PUSCH repetition type A, each repetition is transmitted in a slot, while PUSCH repetition type B supports repetitions across slot boundary. The design of PUSCH in Rel-16 eURLLC can be the starting point to support further reliability enhancement via M-TRP. For example, to support repetition transmission of PUSCH targeting different TRPs, some signaling enhancement, such as configuration/indication of multiple SRIs or TPMIs, can be considered. 
[bookmark: _Hlk47297073]In current 38.214, the spatial relation for PUSCH is indicated by SRI in DCI 0_1 and DCI 0_2. If repetitions of PUSCH are transmitted targeting multiple TRPs, multiple SRIs may be needed to indicate more than one spatial relation. Furthermore, the power control parameters for PUSCH can be different for different TRP, and independent power control for PUSCH targeting different M-TRP may be also needed.
Proposal 5: Support PUSCH repetition via multiple TRPs in TDM manner with Rel-16 PUSCH for eURLLC as starting point.
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: Study FDM and TDM for PDCCH enhancement in Rel-17.
Proposal 2: Study the following schemes to support multi-TRP based PDCCH enhancement for URLLC:
· One search space is associated with one CORESET where two TCI states are activated for the CORESET at the same time. Each repetition of PDCCH can be associated with one TCI state for the CORESET associated with that search space.
· One search space is associated with two CORESETs. Each repetition of PDCCH can applies the TCI state of one CORESET associated with that search space.
· Two search spaces are used and each search space is associated with one CORESET. Each repetition of PDCCH can be transmitted via one of the search spaces.
Proposal 3: Support repetition of PUCCH via multiple TRPs in TDM manner in Rel-17.
Proposal 4: Specify the mapping pattern between spatial relations of PUCCH and PUCCH repetitions.
[bookmark: _GoBack]Proposal 5: Support PUSCH repetition via multiple TRPs in TDM manner with Rel-16 PUSCH for eURLLC as starting point.
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