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1 Introduction
In this contribution, we discuss some of issues about PUCCH. The first section discusses the UCI repetition, and the second section discusses UCI multiplexing with a dynamic SFI.
2 Discussion
2.1 [bookmark: OLE_LINK11][bookmark: OLE_LINK12]UCI repetition regarding SR and PCSI
The UCI can be repeated by RRC configuration. The main motivation of PUCCH repetition is to achieve the UL coverage. The NR can be deployed in higher UL band than LTE UL band, which is generally known to have less UL coverage. Supplementary UL carriers can relieve UL coverage, but it is not always available to some operators and LTE should exploit the same UL band. 
Another motivation is a dynamic TDD. The ratio of DL traffic and UL traffic would vary dynamically, and the slot format is determined by the traffic load, and it is not likely to have a long duration for the semi-statically configured resources such as SR and PCSI. Given the configured code rate, a possible implementation would be to configure small number of UL symbols for PUCCH with more PRBs. In this case, only PUCCH format 3 can have such feature while having no multiplexing capability. Possibly, a better implementation would be to repeat PUCCH with a few UL symbols and one or few PRBs. The gNB performs chase combining at each PUCCH instance. We believe that PCSI does not have latency issue and GF PUSCH can be configured if the above SR causes any latency issue in the dynamic TDD.
Objectives to PUCCH repetition can be different depending on each UCI type. For SR repetition, the coverage of SR will be similar to the coverage of bundled PUSCH, and other details are described in [1]. For PCSI repetition, a gNB can perform the link adaptation to the very initial transmission of PDSCH, and it will increase the DL throughput at cell edge. Also, one contribution in [2] explains that PCSI repetition improves the error performance and how to exploit PCSI of edge UE. For HARQ-ACK repetition, PDSCH coverage will be increased. In our understanding, all objectives should be satisfied and equally important in the NR system. Furthermore, the current specification (TS 38.213 v15.2.0) does not distinguish the type of repeating UCI. We believe that the specification impact is minimal because each PUCCH format is allowed to repeat already and the specification can simply capture that all types of UCI can be configured to repeat.
[bookmark: _Ref513565643][bookmark: _Ref521418417]Proposal 1: Clarify that the UCI is repeated regardless of its type to keep UL coverage and to respond the traffic variation.
2.2 UCI multiplexing regarding dynamic SFI
The Rel-15 NR does not support parallel UL transmissions, and RAN1 spent several months to agree appropriate behaviour. Finally, the current specification (TS 38.213 v15.2.0 section 9.2.5) describes a rule to merge overlapped PUCCHs. The rule ends up with a single PUCCH carrying all UCIs. 
However, RAN1 did not consider the dynamic TDD scenario where FL symbols can be switched to DL or remained to FL. Regarding the dynamic SFI (TS 38.213 v15.2.0 section 11.1) to this merging procedure, there are some ambiguities. The first step is to determine which PUCCH resources are candidate to be combined. The second step is to adjust UCI payload when the combined PUCCH resource has FL/DL symbols.
After UE decodes DCI format 2_0, as the first step, we have two alternatives to form the set Q.
· Alt 1-1: Collect all UCIs regardless of the dynamic SFI.
· Alt 1-2: Collect some of UCIs whose associated PUCCH resource before merging has no DL/FL symbol.
Following the current specification (TS 38.213 v15.2.0 section 11.1), UE transmits PCSI and/or SR only on UL symbols, and transmits HARQ-ACK on DL/FL symbols. The Alt 1-1 can multiplex all UCI bits as it is a reasonable baseline. Then, the gNB should test either DTX or not. If DTX occurs, then the PCSI and/or SR are dropped due to FL/DL symbols. If HARQ-ACK is present, then the PCSI and/or SR are multiplexed with HARQ-ACK. Thus, if UE checks the dynamic SFI in the first step (Alt 1-2), the UCI payload are less changeable.
Proposal 2: Clarify the definition of the set Q when a dynamic SFI is involved.
As the second step, we have two alternatives to resolve UCI payload.
· Alt 2-1: Drop the combined PUCCH, i.e., drop all UCIs, if the combined PUCCH has DL symbols.
· Alt 2-2: Drop some of UCI until the associated PUCCH does not have any DL symbol. 
The Alt 2-1 is a simple solution but it loses all UCI bits, whereas the Alt 2-2 can deliver a part of UCI bits in the slot. We believe that sending some information is desirable, and we suggest that the maximal PUCCH should be determined. This means there is a The new ordering rule can be discussed, for example to reflect the importance of UCI payload. However, there are a lot of cases to consider and we can adopt a simpler solution instead.
The ordering is available in the current specification (TS 38.213 v15.2.0 section 9.2.5), and this can be reused yet it is not optimal. After merging loops are terminated and the combined PUCCH resource has DL symbols, the lastly added UCI bits are dropped. UE repeats this until the combined PUCCH resource has no DL symbols.
[bookmark: _Ref521418431]Proposal 3: When the merged final PUCCH resource is not valid, drop some of UCI payload until the merged PUCCH becomes valid according to the dynamic SFI in the DCI format 2_0.
3 Conclusion
In this contribution, we made following observation and proposals.
[bookmark: _GoBack]Proposal 1: Clarify that the UCI is repeated regardless of its type to keep UL coverage and to respond the traffic variation.
Proposal 2: Clarify the definition of the set Q when a dynamic SFI is involved.
Proposal 3: When the merged final PUCCH resource is not valid, drop some of UCI payload until the merged PUCCH becomes valid according to the dynamic SFI in the DCI format 2_0.
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