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Introduction
During the study item phase of Rel 15 NR, several important agreements have been made on the physical uplink control channel (PUCCH) for NR. It was agreed that NR will support two categories of PUCCH: the long format and the short format. The general consensus is that the long format is most suitable to support the link budget limited scenarios for better cell coverage as well as larger UCI payload, while the short format is mainly targeted for time critical UCI feedback with limited UCI payload. 
Based on such design philosophy, it was agreed that the long PUCCH format will support low PAPR DFT-S-OFDM waveforms, frequency diversity (e.g. intra-slot frequency hopping), as well as transmit diversity, as shown in the following agreements:
Agreements: [1]
· For PUCCH in long-duration,
· Long UL-part of a slot can be used for transmission of PUCCH in long-duration.
· i.e., PUCCH in long-duration is supported for both UL-only slot and a slot with the number of uplink symbols greater than X (X >= 2).
· FFS exact value of X
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.
· Intra-slot frequency-hopping is supported

Agreements: [1]
· For further discussion of PUCCH in short-duration, UCI payload of 1 – at least a few tens of bits (or SR) is assumed.
· For further discussion of PUCCH in long-duration, UCI payload of 1 – at least a few hundreds of bits (or SR) is assumed.
· For PUCCH in long-duration, DFT-s-OFDM waveform is supported.
· For PUCCH in long-duration, transmit antenna diversity is supported.

Specific to the long PUCCH format, it was also agreed that the design should take into account the fact that NR supports variable slot structure
Agreements: [2]
· For PUCCH in long-duration, it may have variable number of symbols with a minimum of 4 symbols in a given slot
· FFS the set of supported values

In general, NR has more flexibility than LTE regarding the frame/slot structure, i.e. the network can configure PUCCH in different UL slot format including UL-only or UL-centric slots, depending on the slot aggregation. However, this also makes it challenging to provide a simple yet scalable channel design for NR, as well as take into account other design guidelines such as low PAPR, frequency and transmit diversity, etc. 
In this contribution, we provide some thoughts on how to minimize the design/specification efforts in the long PUCCH channel design, while still supporting the very flexible NR slot formats.
[bookmark: _Ref477254103]Long PUCCH Formats 
The PUCCH formats are closely related to the various UL slots format to be supported. The most common slot format in NR contains 14 symbols, although 7-symbol slot can also supported for SCS below 60kHz [3]. It is expected that the most common use case would be the 14-symbol UL-only slot and 14-symbol UL-centric slot, as shown in Figure 1 (a) and Figure 1 (b), respectively.
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[bookmark: _Ref477250585]Figure 1 UL slots with 14 symbols
UL-Only Slots
For the UL-only slot, to maximize link budget, while provide intra-slot hopping, a simple design would be leveraging existing LTE PUCCH format with two “7-symbol modules”. Each module has identical structure in terms of reference signal and data, such that the two parts can have independent channel estimation and support frequency-hopping diversity. Generally, for a few UCI bits requires roughly 50% pilot overhead ratio, while much larger UCI payload size require much lower pilot overhead ratio. Those can be supported, as an example, by the following structure
[image: ]
[bookmark: _Ref477252012]Figure 2 Example format of the 7-symbol PUCCH module
Specifically, both structures in Figure 2 contain even number of data symbols, which leads to easy support of STBC for transmit diversity while still maintaining the single carrier property of DFT-S-OFDM.
The detailed RS and data distribution within each 7-symbol module can be further studied and agreed within RAN1 to cover different payload sizes.
UL-Centric Slots
For the UL-centric slot, a likely structure would be ~2 DL symbols for DCI, a DL-UL switching gap with length of roughly 1 symbol, which leaves roughly 10~11 UL symbols within each slot, as shown in Figure 1 (a). Therefore, a potential PUCCH format would consist of two 5-symbol modules. Similarly, both 5-symbol modules should have identical structure in terms of reference signal and data, such that the two parts can have independent channel estimation and support frequency-hopping diversity. Examples of such structures are shown in 
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[bookmark: _Ref477253229]Figure 3 Example format of the 5-symbol PUCCH module
Similar as the 7-symbol module, both structures in Figure 3 contain even number of data symbols, which leads to easy support of STBC for transmit diversity while still maintaining the single carrier property of DFT-S-OFDM waveform.
The detailed RS and data distribution within each 5-symbol module should be further studied and agreed within RAN1.
Proposal 1: In order to support the flexible NR slot structure, NR should consider supporting modularized design of long PUCCH, including at least 5-symbols and 7-symbols format. 
Other Slot Structure
It was agreed that NR can also support 7-symbol slot structure for SCS below 60kHz. This can further includes UL-centric and UL-only slot structures as shown in Figure 4. 
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[bookmark: _Ref477253735]Figure 4 UL slots with 7 symbols
For the 7-symbol UL-only slot, the corresponding PUCCH can directly reuse the 7-symbol module as defined for the 14-symbol case.
For the 7-symbol UL-centric slot, due to the shorter slot length, it is reasonable to expect that DCI only span 1 symbol. Considering the extra UL-DL switching gap, this leaves about 5 symbols for the long PUCCH format. In this case, the 5-symbol module as defined for the 14 symbol case in section 2 can be leveraged.
Proposal 2: to minimize the design/specification complexity, NR long PUCCH design for the 7-symbol slot structure should leverage the design for the 14-symbol slot structure

[bookmark: _Ref378529477]Conclusions
In this contribution, we provide some thoughts on how to minimize the NR design/specification complexity on the long PUCCH format, so as to support the flexible NR slots structure, as well as supporting the agreed features such as frequency diversity and transmit diversity. Specifically, we have the following proposals:
Proposal 1: In order to support the flexible NR slot structure, NR should consider supporting modularized design of long PUCCH, including at least 5-symbols and 7-symbols format. 
Proposal 2: to minimize the design/specification complexity, NR long PUCCH design for the 7-symbol slot structure should leverage the design for the 14-symbol slot structure
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