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1 Introduction
In RAN1#102e meeting [1], agreements for PDCCH, PUCCH and PUSCH enhancements based on multi-TRP were achieved as:
Agreement
For non-SFN based mTRP PDCCH reliability enhancements, study the following options:
· Option 1 (no repetition): One encoding / rate matching for a PDCCH with two TCI states
· Option 2 (repetition): Encoding / rate matching is based on one repetition, and the same coded bits are repeated for the other repetition. Each repetition has the same number of CCEs and coded bits, and corresponds to the same DCI payload.
· Study both intra-slot repetition and inter-slot repetition
· Option 3 (multi-chance): Separate DCIs that schedule the same PDSCH /PUSCH /RS/TB/etc. or result in the same outcome.
· Study both cases of DCIs in the same slot and DCIs in different slots
Note 1: Companies are encouraged to evaluate the different options based on agreed LLS assumptions for possible down-selection in RAN1#103-e.
Note 2: The actual encoding / rate matching chain for PDCCH polar coding (i.e. 38.212 Sections 5.3.1 / 5.4.1 / 7.3.3 / 7.3.4) is not changed in the options above.
Agreement
For Alt 1-2/1-3/2/3, study the following
· Case 1: Two (or more) PDCCH candidates are explicitly linked together (UE knows the linking before decoding) 
· FFS: How the explicit linkage is derived/determined by the UE
· Case 2: Two (or more) PDCCH candidates are not explicitly linked together (UE does not know the linking before decoding) 
· FFS: How the UE knows the linkage after decoding 
Agreement
To enable TDMed PUCCH transmission with different beams, support configuring/activating of multiple PUCCH Spatial Relation Info. RAN1 shall further study the exact schemes considering the following aspects, 
· Method of configuration/activation of multiple spatial relation info
· Use of the same PUCCH resource or different PUCCH resource for PUCCH transmission 
· Mapping between PUCCH repetition/symbol and spatial relation info among multiple PUCCH repetitions / multiple PUCCH symbols.
Agreement 
Support TDMed PUCCH scheme(s) to improve reliability and robustness for PUCCH using multi-TRP and/or multi-panel. Study the following alternatives,
· Alt.1: supporting both inter-slot repetition and intra-slot repetition / intra-slot beam hopping.
· Alt.2: supporting only inter-slot repetition
· Note1: It is not precluded to study the use of multiple PUCCH resources to repeat the same UCI in both inter-slot repetition and intra-slot repetition.  
· Note2: The alternatives are clarified as below,
· inter-slot repetition: One PUCCH resource carries UCI , another one or more PUCCH resources or the same PUCCH resource in another one or more slots carries a repetition of the UCI .
· intra-slot repetition: One PUCCH resource carries UCI , another one or more PUCCH resources or the same PUCCH resource in another one or more sub-slots carries a repetition of the UCI 
· intra-slot beam hopping: UCI is transmitted in one PUCCH resource in which different sets of symbols have different beams
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In Rel-16 NR eMIMO discussion, features to improve reliability and robustness for PDSCH were discussed and introduced. While the reliability and robustness improvement for other channels (PDCCH, PUCCH and PUSCH) was not fully discussed due to lack of time. In Rel-17, this should be discussed and designed to achieve a whole structure for communication. And the features for PDSCH in Rel-16 can be taken as a baseline, for example repetition based on SDM, FDM and TDM. While there are different points which should be further studied for the channels PDCCH/PUCCH/PUSCH, and for each channel, some particular design may be needed based on the specific requirements.
PDCCH
Repetitions from multiple TRPs can improve the reliability and robustness, and for non-SFN based multi-TRP PDCCH reliability enhancements, options were listed in last meeting. Firstly, PDCCH has already been designed to be robust even in case of bad propagation environment, and the main target for PDCCH enhancement based on multi-TRP is to encounter the blockage issue. In this sense, two PDCCH transmissions with a given DCI from two TRPs are efficient, there is no need to have multiple PDCCH transmissions from a single TRP. Consequently, option 2 (repetition) and option 3 (multi-chance) PDCCH from multi-TRP should be focused.
Comparing option 2 and option 3, PDCCH transmitted with repetition (i.e. option 2) can provide possibility for combining, and even without combining, DCI can be successfully detected based on at least one repetition. And for option 3, it seems a little more flexible for network scheduling, while actually UE can know the multi-chance PDCCH transmission if more than one DCIs are detected. In this sense, there may be no need to blind decode all the DCIs if at least one has been detected. And combining between PDCCH transmissions is not available if payloads are different. Based on this, option 2 with repetition can reduce UE detecting complexity and provide possibility for combining. So we propose:
Proposal 1: For non-SFN based multi-TRP PDCCH, two PDCCH candidates each with one TCI state should be supported, and option 2 (repetition) should be supported. 
In addition, considering the linkage between PDCCH candidates, if UE can know the linking before decoding, it’s benefit to reduce complexity, as UE can choose how to proceed the linked PDCCH candidates, either combining or just separately decoding. Furthermore, as two TCI states need to be configured to the two PDCCH candidates, either in CORESET or search space level. The explicit linkage between PDCCH candidates can be considered together with the TCI state association. 
Proposal 2: Two PDCCH candidates are explicitly linked together, and can be considered together with TCI state association design. 
Based on option 2 (repetition) between two PDCCH candidates, the DCI payload needs to be same. And there are many fields which depend on the timing of each PDCCH occasion, for example, the scheduling offset for PDSCH/PUSCH, DAI field in case of dynamic HARQ-ACK feedback. So how to keep the same value of the fields in the PDCCH payload should be further studied, for example, scheme can be designed based on the explicit linking between PDCCH candidates. 
Proposal 3: Same payload for PDCCH repetitions should be further studied, at least including scheduling offset and DAI field, and explicit linking between PDCCH candidates can be utilized. 
PUCCH
In Rel-15 and Rel-16, PUCCH and PUSCH repetitions can be applied based on single TRP scenario. And to improve the reliability and robustness, the repetitions should be extended to be transmitted to different TRPs, in other words, different beams should be configured for different repetitions.
And for TDMed PUCCH schemes, in Rel-16 multi-TRP enhancements, two PUCCHs with HARQ-ACK information in different symbols within a slot has been supported in case of separate feedback. And this can be reused as a starting point for PUCCH repetition, for example, each PUCCH resource carries joint HARQ-ACK information and repeated in the two resources. In addition, discussion in sub-slot based HARQ-ACK feedback can also be reused, which can help to reduce the latency. So intra-slot repetition should also be supported.
Proposal 4: For TDMed PUCCH scheme, Alt. 1 (both inter-slot repetition and intra-slot repetition) should be supported. 
3 Conclusion
In this contribution, we provided our views on enhancement for PDCCH and PUCCH based on multi-TRP transmission, and we proposed that:
Proposal 1: For non-SFN based multi-TRP PDCCH, two PDCCH candidates each with one TCI state should be supported, and option 2 (repetition) should be supported. 
Proposal 2: Two PDCCH candidates are explicitly linked together, and can be considered together with TCI state association design. 
Proposal 3: Same payload for PDCCH repetitions should be further studied, at least including scheduling offset and DAI field, and explicit linking between PDCCH candidates can be utilized. 
Proposal 4: For TDMed PUCCH scheme, Alt. 1 (both inter-slot repetition and intra-slot repetition) should be supported. 
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