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Introduction
In this contribution, we discuss several remaining issues for reliability enhancement using multi-TRP for PDCCH/PUCCH. 
Discussion
PDCCH reliability enhancement using multi-TRP
One of remaining issues is about PDSCH/PUSCH/DCI/AP-CSI processing time relaxation when corresponding PDCCH is transmitted with repetition. Combining based BD for the linked PDCCH candidate would likely require more processing time than normal decoding so relaxation for type B PDSCH processing time was briefly discussed in the previous RAN 1 meeting. Some companies argue that UE can reports 3 BDs considering additional complexity of soft combining but it does not take into account increased decoding time, which should be captured in related processing time parameters such as d1,1. Also, this issue is not only related to PDSCH processing time but also related to PUSCH/DCI/AP-CSI processing time since DCI decoding time has an impact on those processing time. For example, DCI to A/N time offset for DCI without scheduling data such as SPS PDSCH release, or AP CSI trigger DCI to PUSCH also depends on DCI decoding time. To address this issue, it is preferable to introduce a common and simple approach rather than optimizing it for each cases. One simply approach is to add X symbols to current requirementfor minimum processing time. 
Proposal 1: Introduce processing time relaxation for PDSCH/PUSCH/DCI/AP-CSI by adding X to current requirement for minimum processing time.
It was agreed that if TCI field is not present in DCI and the scheduling offset is equal to or larger than timeDurationForQCL, PDSCH QCL assumption is based on the CORESET with lower ID among the first and second CORESETs. It addresses ambiguity on which CORESET beam is applied for PDSCH reception but as a result PDSCH transmission is limited with STRP. Therefore, even though PDCCH reliability is enhanced by MTRP repetition, PDSCH reliability improvement from MTRP cannot be achieved. In order to take benefit of MTRP reliability enhancement for both PDCCH and PDSCH when TCI field is not present, which has been more common configuration in the real field, the two CORESET beams should be applied for PDSCH reception. For example, based on the two beams, R-16 TDM based MTRP PDSCH repetition scheme can be applied. Additionally, whether to apply one or two CORESET beams for PDSCH reception can be determined by new RRC signaling or it can be determined by whether at least one TCI code point is configured with two TCI states.
Proposal 2: MTRP PDCCH should be able to schedule MTRP PDSCH regardless of presence of TCI field in the DCI.
PUCCH reliability enhancement using multi-TRP
It is FFS whether frequency hopping is performed among the repetitions with the same beam. If frequency hopping is applied without consideration of beam mapping, each TRP cannot achieve frequency hopping gain at all. For example, in case of MTRP inter-slot PUCCH repetition with cyclic beam mapping and inter-slot frequency hopping, the first beam is applied on only first frequency hop and the second beam is applied on only second frequency hop. As a result, each TRP receives PUCCH without frequency hopping. To achieve both beam diversity and frequency hopping gain, sequential beam mapping and inter-slot frequency hopping can be applied but it can increase latency due to sequential beam mapping in blockage scenario.
Proposal 3: Inter-slot frequency hopping should be performed among the repetitions with the same beam in case of MTRP inter-slot PUCCH with cyclic beam mapping.
Even though intra-slot PUCCH repetition is supported with scheme 3, we can additionally consider scheme 2 based on intra-slot beam hopping. For example, 10 symbol PUCCH is scheduled and 1st to 5th symbols are transmitted to TRP 1 and the remains are to TRP 2. As a result, different parts of coded bits of UCI are transmitted to different TRP in different symbols. Additional spec impact to support this is marginal because most of frequency hopping framework can be reused. It is just hopping beams instead of hopping frequency. Rel-16 DMRS pattern for frequency hopping can be reused for separate UL channel estimation for TRP 1 and 2.  
Proposal 4: Support intra-slot beam hopping (scheme 2) for both low latency and high reliability.
Conclusion
In this contribution, we discuss reliability enhancement and robustness using multi-TRP for PDCCH/PUCCH and propose the followings. 

PDCCH enhancement: 
Proposal 1: Introduce processing time relaxation for PDSCH/PUSCH/DCI/AP-CSI by adding X to current requirement for minimum processing time.
Proposal 2: MTRP PDCCH should be able to schedule MTRP PDSCH regardless of presence of TCI field in the DCI.
PUCCH enhancement: 
Proposal 3: Inter-slot frequency hopping should be performed among the repetitions with the same beam in case of MTRP inter-slot PUCCH with cyclic beam mapping.
Proposal 4: Support intra-slot beam hopping (scheme 2) for both low latency and high reliability.
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