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Introduction
In RAN1#95, the following agreement on multi-TRP transmission was achieved [1].
Agreement:
Study for URLLC reliability/robustness enhancement with multi-TRP/panel/beam, including the case of ideal backhaul
· [bookmark: _Hlk530133533]For PDSCH/PUSCH where the same TB is transmitted including
· #1: the number of TRP/panel/beams
· #2: Configuration/indication mechanism of TB repetition
· Other enhancements are not excluded.
· For PDCCH/PUCCH
· #1: the number of TRP/panel/beams
· #2: Repetition/Diversity of DCI/UCI
· Other enhancements are not excluded.
FFS: Non-ideal backhaul case
In this contribution, we provide our views on PDCCH enhancements using multi-TRP transmission. 
PDCCH reliability enhancement with multi-TRP transmission
· Repetition/diversity of DCI
To achieve the overall system reliability, the reliability of not only data channel but also control channel should be considered. Similar to PDSCH reliability improvement, spatial diversity from multiple TRP transmissions combined with PDCCH repetition can be used to improve the PDCCH reliability. Figure 1 illustrates the PDCCH repetition scheme using multiple TRPs, where the repetition can be transmitted at the same or different times. The later can be considered as an extension of PDCCH time repetition scheme discussed in URLLC session using multiple TRPs.
	 [image: ]


[bookmark: _Ref534819125]Figure 1: PDCCH repetition transmitted from different TRPs at the same or different times
A link level evaluation for PDCCH repetition scheme from multiple TRPs, compared with the Rel-15 baseline, i.e. a PDCCH transmission without repetition from a single TRP, is provided in [2]. The performance of the PDCCH repetition from multiple TRPs, each repetition with lower AL, is compared with that of Rel-15 scheme using a higher AL, to have the same number of total CCEs for both schemes. In the repetition scheme, both with and without soft combining are considered. The results shows that due to spatial diversity, steeper slopes are observed for multiple TRP cases, compared with the baselines. Moreover, the repetition from multiple TRPs with soft combining outperforms the single TRP transmission scheme. Besides, PDCCH repetition without soft combining performs worse than the single TRP transmission scheme, though having the steeper slope. 
Observation 1: With the same number of total CCEs, PDCCH repetition BLER curves with lower AL using multiple TRPs with and without soft combining have steeper slope than those with the higher AL PDCCH without repetition, due to spatial diversity. Moreover, the repetition with soft combining can outperform that without soft combining and the higher AL PDCCH without repetition. 
From the above observation, we have the following proposal.
Proposal 1: Rel-16 supports PDCCH repetition over multiple TRPs/panels/beams
· PDCCH repetition using multiple TRPs over the same and different times can be considered.  
· PDCCH repetition with soft combining at UE can be considered for PDCCH reliability enhancement.

· PDCCH soft-combining
As aforementioned, in order to obtain the advantages of repetition transmission, soft-combining at the UE can be considered. To reduce potential complexity of soft-combinations, some restrictions may be necessary, e.g., soft-combining are only performed with repeated PDCCH having same AL. 
An extra benefit with soft combining is the potential to reduce the blind detection times. Considering the case of two repeated PDCCH candidates, if UE can detect and decode DCI in any of above PDCCH candidate, it can be expected that the UE can also successfully decode the DCI after soft-combining from these two PDCCH candidates. In this sense, as long as a UE is informed about the relationship of PDCCH candidates implicitly or explicitly where the DCI are transmitted repeatedly, the UE can buffer these PDCCH candidates, and perform the blind detection after soft-combining to reduce the blind detection times. 
Proposal 2：To reduce the complexity, the UE can be informed about the relationship of repeated PDCCH candidates and perform BD after soft-combining PDCCH candidates. 
· The number of TRP/panel/beams
Although PDCCH repetition is a single DCI scheme, but considering control channel resources and UE behaviours of a time/CORESET/TRP repetition scheme, the PDCCH repetition is similar to a multiple DCI scheme. Therefore, to align with the number of DCIs reflecting the number of TRP/panel/beams as in NCJT, in our opinion, the number of TRP/panel/beams for PDCCH repetition is 2, unless it can show significant gains with more than 2. 
Proposal 3: For PDCCH repetition over multiple TRPs/panels/beams, the number of TRPs/panels/beams per BWP is 2, unless more than 2 can show significant gain.
Conclusion
This contribution provides our views on reliability/robustness transmission of PDCCH using multiple TRP transmission. In summary, the following observation and proposals are made. 
Observation 1: With the same number of total CCEs, PDCCH repetition BLER curves with lower AL using multiple TRPs with and without soft combining have steeper slope than those with the higher AL PDCCH without repetition, due to spatial diversity. Moreover, the repetition with soft combining can outperform that without soft combining and the higher AL PDCCH without repetition. 
Proposal 1: Rel-16 supports PDCCH repetition over multiple TRPs/panels/beams
· PDCCH repetition using multiple TRPs over the same and different times can be considered.  
· PDCCH repetition with soft combining at UE can be considered for PDCCH reliability enhancement.
Proposal 2：To reduce the complexity, the UE can be informed about the relationship of repeated PDCCH candidates and perform BD after soft-combining PDCCH candidates. 
Proposal 3: For PDCCH repetition over multiple TRPs/panels/beams, the number of TRPs/panels/beams per BWP is 2, unless more than 2 can show significant gain.
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