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Introduction
In this contribution we describe designs for two-symbol short PUCCH given the made agreements in particular in the last meeting [1]. 
Agreements:
· For 2-symbol NR-PUCCH, following options are considered (including possible down-selection)
· Option 1: 2-symbol NR-PUCCH is composed of two 1-symbol NR-PUCCHs conveying the same UCI.
· 1-1: Same UCI is repeated across the symbols using repetition of a 1-symbol NR-PUCCH.
· 1-2: UCI is encoded and the encoded UCI bits are distributed across the symbols.
· Option 2: 2-symbol NR-PUCCH is composed of two symbols conveying different UCIs.
· E.g., time-sensitive UCI (e.g., HARQ-ACK) is in the second symbol.

Agreements:
· Two NR-PUCCHs can be transmitted from one UE on the same slot in TDM manner.
· The two NR-PUCCHs can be short-PUCCH.
· The two NR-PUCCHs can be long-PUCCH + short-PUCCH.
· FFS whether or not to have the two NR-PUCCHs as long-PUCCH + long-PUCCH
· FFS: other multiplexing scheme(s) between the two NR-PUCCHs
· FFS the case of more than 2 NR-PUCCHs in one slot from a UE (if more than 2, only short-PUCCHs)

Considering the agreements and the views expressed in our previous contribution[2], we discuss in this contribution the design choices for the 2-symbols PUCCH. 
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In our companion contributions [3][4] we discussed our view on the design of the 1-symbol PUCCH for different payload sizes. Moreover, given two symbols for short PUCCH, we analysed different PUCCH channel structures, each of which having their individual pro’s and con’s in our previous contribution [2]. In this contribution we describe the design for two-symbol short PUCCH given the made agreements.
Among the two options considered for 2-symbols PUCCH, in our view the first option should be supported for the additional performance enhancement due to frequency hopping. In order to provide fast ACK/NACK, 1-symbol PUCCH should be the baseline design choice. However, although the fast ACK/NACK can be the primary purpose of choosing 1-symbol PUCCH structure, the coverage and performance can be improved by extending the transmission to two symbols and still reduce the feedback delay for ACK/NACK considerably. In that sense the 2-symbols PUCCH can be considered as the extension of 1-symbol PUCCH. However, to harvest the offered frequency-diversity, encoded UCI must be mapped to both first and second OFDM symbol as shown in Figure 1
It is important to note that with regard to frequency hopping within a slot, in LTE the transient time for intra-subframe frequency-hopping is 2x20 µs. RAN1 sent an LS to RAN4 requesting more information on short transmissions but for the meantime assumes sufficiently short transient times. Therefore, we assume transient times will only impact a short time of each symbol resulting in marginal or negligible performance degradation. 
Based on the above discussion we propose:
Proposal:
· Frequency hopping is supported for 2-symbols NR-PUCCH.
· 2-symbols NR-PUCCH is composed of two consecutive 1-symbol NR-PUCCHs conveying the same UCI.
· For UCI bits more than 2 bits, the UCI is encoded and the encoded UCI bits are distributed across both symbols.
· For 1-2 bits UCI, same UCI is repeated across the two symbols using repetition of a 1-symbol NR-PUCCH.
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[bookmark: _Ref481349566]Figure 1: A 2-symbols PUCCH transmission with frequency hopping at symbol boundary where both symbols carry the same HARQ feedback.
However, as we discussed in previous contribution [2], it is important in NR to support a short PUCCH transmission mode that supports transmission of different UCI in two symbols. UCI included in the first symbol is CSI (which is easily available) and potentially HARQ feedback relating to code blocks which have already been decoded by the time the first UL symbol is prepared. The second symbol carries HARQ feedback of all or the remaining code blocks which decoding was not finished in time to be transmitted in first symbol and also CSI. In our view this operation is supported by NR based on the agreement made in the previous meeting where two short PUCCH from the same UE can be multiplexed in the same slot in the TDM fashion. As illustrated in the examples shown in Figure 2 and Figure 3 with and without frequency hopping, respectively, the first 1-symbol PUCCH symbol can contain CSI information and the second one ACK/NACK. The gNB by proper resource allocation as discussed in our companion contribution [5] can enable this kind of operation. Clearly since these two-symbols PUCCH are constituted of two independent 1-symbol PUCCH, enabling frequency hopping between them or not is up to the gNB and its corresponding resource allocation.
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[bookmark: _Ref481349574]Figure 2: Two consecutive 1-symbol PUCCH from the same UE. The first symbol carries CSI. The second symbol carriers HARQ feedback. Two PUCCH transmissions are hopped in frequency domain.
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[bookmark: _Ref481349577]Figure 3: Two consecutive 1-symbol PUCCH from the same UE. The first symbol carries CSI. The second symbol carriers HARQ feedback. Two PUCCH transmissions are on the same frequency.
Based on the above discussion we draw the following conclusion:
Conclusion:
· Transmission of two consecutive 1-symbol PUCCH with different UCI from the same UE is supported in NR.
· 
Conclusion
In this contribution the design of two-symbols PUCCH is discussed which is summarized as the following:
Proposal:
· Frequency hopping is supported for 2-symbols NR-PDCCH.
· 2-symbols NR-PUCCH is composed of two consecutive 1-symbol NR-PUCCHs conveying the same UCI.
· For UCI bits more than 2 bits, the UCI is encoded and the encoded UCI bits are distributed across both symbols.
· For 1-2 bits UCI, same UCI is repeated across the two symbols using repetition of a 1-symbol NR-PUCCH.

Conclusion:
· Transmission of two consecutive 1-symbol PUCCH with different UCI from the same UE is supported in NR.
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