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1. [bookmark: _GoBack]Introduction
At the RAN1#88bis meeting, following agreements were made [1]:
	Agreements:
· For long duration NR-PUCCH in a given slot, FFS the detailed NR PUCCH formats. Companies are encouraged to provide the corresponding details. 
· Some examples as a starting point:
· For small UCI payload with 1 or 2 bit(s), LTE PUCCH 1a/1b especially in light of # of symbols available for NR-PUCCH
· FFS: Time domain OCC is applied over allocated multiple symbols.
· For large UCI payload with X bits, LTE PUCCH format 4, or PUSCH
· FFS on applicability of (virtual) frequency domain OCC
· FFS for the value of X
· FFS for medium UCI payload with less than X bits
· Scalability of NR-PUCCH for different number of symbols available for NR-PUCCH
· The set of the number of symbols for long duration NR-PUCCH in a slot includes {4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14}
· FFS whether or not it depends on the slot type, # of symbols per slot, etc.

Agreements:
· For DFTsOFDM in long-PUCCH, the following schemes are candidates for transmit diversity:
· Low PAPR Alamouti-based transmit diversity applied in frequency or time domain, transparent transmit diversity (e.g. short delay CDD), time domain beam/precoder cycling or SORTD
· FFS: for which PUCCH format and/or payload size 
· Other schemes with low PAPR are not precluded.
· Companies proposing a certain transmit diversity scheme are encouraged to jointly propose PUCCH structure and the transmit diversity scheme.


In this contribution, we discuss design of long-PUCCH for UCI of up to 2 bits. Designs of long-PUCCH for more than 2 bits are discussed in our companion contribution [2].

2. Long-PUCCH for UCI of up to 2 bits
Long-PUCCH is used to ensure sufficient coverage or to deliver relatively large amount of UCI payload. For UCI of up to 2 bits, the use of long-PUCCH is for coverage. At the RAN1#88bis meeting, RAN1 discussed which lengths need to be supported for long-PUCCH, and found that long-PUCCH should be designed such that it can fit with all number of symbols from 4 to 14. It is quite challenging task for RAN1 to optimize long-PUCCH having different number of symbols. Therefore, it is useful to have a common design approach for various long-PUCCHs having various number of symbols.
For long-PUCCH for UCI of up to 2 bits, optimal RS density would be around 50 %. Therefore, we propose to define minimum building block of long-PUCCH as {RS + UCI} and concatenate it to build long-PUCCH having various number of symbols. In addition to the construction of long-PUCCH in terms of the number of symbols, following two aspects need to be considered:
· Whether to support frequency-hopping
· It is important to enable frequency-hopping to improve the coverage.
· Intra-slot frequency-hopping if the long-PUCCH spans within a slot.
· Inter-slot frequency-hopping if the long-PUCCH spans across multiple slots.
· On the other hand, how/where to apply frequency-hopping would be controversial.
· Different position of frequency-hopping for various number of symbols of long-PUCCH if the long-PUCCH spans within a slot.
· Per slot frequency-hopping could be the starting point if the long-PUCCH spans across multiple slots.
· Whether to apply time-domain OCC
· With the time-domain OCC, the number of UEs that can be multiplexed on the same resource in CDM manner can be increased. 
· On the other hand, applicable time-domain OCC depends on the duration of long-PUCCH.

For the design of long-PUCCH for UCI of up to 2 bits having various number of symbols, we propose the following:

Proposal 1:
· Build long-PUCCH with a certain number of symbols by concatenating {RS + UCI}.
· For a long-PUCCH having odd no. of symbols, a RS symbol of the earliest building block is punctured.
· Frequency-hopping pattern is defined for long-PUCCH having all the numbers of symbols.
· It can be disabled especially when PUCCH aggregation across multiple slots is applied.
· Time-domain OCC is applied at least for some cases.

An example design is given in Fig. 1.
[image: ]
Fig. 1	Example designs of long-PUCCH for UCI of up to 2 bits.

Regarding transmit diversity of PUCCH, Alamouti coding should be avoided. Application of Alamouti coding requires RE/symbol paring and some restrictions on RS designs. It is expected that many UEs have single transmit antenna. Therefore, the PUCCH design should be based on the understanding that the UE may support single transmit antenna. The candidate transmit diversity schemes could be transparent TxD such as CDD, SORTD, and/or beam/precoder-cycling.
Proposal 2:
· Do not consider non-transparent transmit diversity scheme for PUCCH.

3. Conclusion
In this contribution, we discussed design of long-PUCCH for UCI of up to 2 bits, and made the following proposals:
Proposal 1:
· Build long-PUCCH with a certain number of symbols by concatenating {RS + UCI}.
· For a long-PUCCH having odd no. of symbols, a RS symbol of the earliest building block is punctured.
· Frequency-hopping pattern is defined for long-PUCCH having all the numbers of symbols.
· It can be disabled especially when PUCCH aggregation across multiple slots is applied.
· Time-domain OCC is applied at least for some cases.
Proposal 2:
· Do not consider non-transparent transmit diversity scheme for PUCCH.
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