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1. Introduction 
In RAN#86 meeting [1], it is agreed that the work item aims to 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. SDM, TDM, and FDM based PDSCH enhancements have been specified in Rel-16 to improve reliability and robustness for multi-TRP transmission. The enhancements for other channels, including PDCCH, PUSCH, and PUCCH, are discussed in this contribution. 
2. Enhancements on multi-TRP for PDCCH
In Rel-16, only single-DCI based multi-TRP transmission is supported for URLLC PDSCH transmission. From our perspective, this could be assumed as the baseline for PDSCH scheduling. To improve the reliability of single-DCI based PDCCH, single PDCCH transmitted from different TRPs could be considered. One way is that different parts of the PDCCH are transmitted from different TRPs, another way is that repetition of the PDCCH are transmitted from different TRPs. It seems that repetition of PDCCH can effectively avoid the impacts of blockage. As shown in Fig.1, PDCCH candidate pairs with AL=4 are transmitted from different TRPs, and UE monitors the PDCCH candidate pairs together within one CORESET to improve PDCCH reliability. 
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Fig.1 PDCCH candidate pairs are transmitted from different TRPs
Proposal 1: Repetition of PDCCH candidate pairs are transmitted from different TRPs to improve PDCCH reliability.

Since PDCCH candidate pairs within one CORESET are transmitted from different TRPs, and single-port DMRS is used for PDCCH transmission, SDM scheme 1c that one DMRS port associated with two TCI state indices can be considered to improve the performance of PDCCH reception. Simultaneously, MAC CE should also be enhanced to indicate these two TCI states for DMRS of PDCCH, where each TCI state corresponds to one TRP. 
Proposal 2: The DMRS port for PDCCH can be associated with two TCI state indices, where two TCI states are indicated by MAC CE.
3. Enhancements on multi-TRP for PUCCH 
In Rel-16, only single-DCI based multi-TRP transmission is supported for URLLC PDSCH transmission. Since PUCCH is indicated together with PDSCH scheduling, single-DCI based multi-TRP transmission could be assumed as the baseline for PUCCH indication. As discussed in Rel-16 for eMBB, FDM scheme for PUCCH will split the transmission power, which may reduce UL coverage performance. For PUCCH TDM scheme, slot-based PUCCH repetition has been specified in Rel-15 for URLLC, which can be worked as a starting point and extent to multi-TRP scenario. Firstly, the SpatialRelationInfo of PUCCH should be enhanced to support indicating two different SpatialRelationInfo for different repetitions of PUCCH, for example, MAC CE could be enhanced to indicate two PUCCH SpatialRelationInfo for different repetitions of PUCCH. Secondly, power control related PL RS could be also enhanced to indicate two PL RS for different repetitions of PUCCH, and TPC command in DCI could be also enhanced to support independent indication for different repetitions of PUCCH. 
Proposal 3: TDM scheme could be considered for PUCCH repetition with SpatialRelationInfo and power control related enhancements.
4. Enhancements on multi-TRP for PUSCH 
FDM scheme for PUSCH will also split the transmission power, which may reduce UL coverage performance. For PUSCH TDM scheme, slot-based PUSCH repetition has been specified in Rel-15 and mini-slot based PUSCH repetition has been specified in Rel-16, which can be extended to multi-TRP scenario to realize TDM transmission between TRPs. For PUSCH scheduling, TPMI, RI, SRI, DMRS port, and TPC command are all indicated by DCI. If single-DCI based UL scheduling is used, it is hard to extend these fields to support different indication for multi-TRP transmission. If same TPMI, RI, SRI, DMRS port, and TPC command are assumed for different repetitions of PUSCH, the performance of PUSCH will be reduced. Therefore, considering the different DCI format for PDSCH and PUSCH scheduling, it seems that multi-DCI based PUSCH scheduling is suitable for multi-TRP transmission as shown in Fig. 2, to support flexible indication of TPMI, RI, SRI, DMRS port, and TPC command. 
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Fig.2 Multi-DCI based PUSCH scheduling for multi-TRP URLLC PDSCH transmission
Proposal 4: Multi-DCI based PUSCH scheduling could be considered for multi-TRP URLLC PDSCH transmission.

5. Conclusions

Based on the above discussions, the proposal are as follows:
Proposal 1: Repetition of PDCCH candidate pairs are transmitted from different TRPs to improve PDCCH reliability.

Proposal 2: The DMRS port for PDCCH can be associated with two TCI state indices, where two TCI states are indicated by MAC CE.
Proposal 3: TDM scheme could be considered for PUCCH repetition with SpatialRelationInfo and power control related enhancements.

Proposal 4: Multi-DCI based PUSCH scheduling could be considered for multi-TRP URLLC PDSCH transmission.
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