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1 Introduction 
In RAN1 NR ad hoc #2 meeting, the following agreements were made in regard to long duration PUCCH for 1~2 bits UCI:
· For a long PUCCH with up to 2 bits UCI:
· Working assumption:
· DMRS always occurs in every other symbols in the long PUCCH
· FFS: even or odd symbols
· The working assumption can be revisited if an issue is found in terms of transient period.
· The DMRS symbol(s) are formed as follows:
· DMRS for a PUCCH is a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· Note: The data symbols are formed as the following:
· The modulated UCI bit(s) is multiplied with a sequence (e.g. a cyclic shift of a CAZAC or computer generated sequence) in frequency domain with Orthogonal Cover Code (OCC) in time.
· BPSK and QPSK modulations for 1 and 2 UCI bits, respectively.
· Note: The usage of OCC for DMRS and UCI symbols is effectively disabled for differentiation of the users that are assigned with the same OCC.
· For a long PUCCH in a slot,
· At most one hop for the long PUCCH is supported.
In this contribution, we discuss further detailed designs of the long duration PUCCH for 1~2 UCI bits. 
2 Frequency hopping and DMRS
For long PUCCH for 1~2 HARQ-ACK bits, two approaches below can be considered with regard to the frequency hopping boundary:
· Alt. 1: frequency hopping at a middle of the PUCCH duration,
· Alt. 2: frequency hopping at a middle of the slot where the PUCCH is transmitted.
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Figure 1: Comparison of frequency hopping at the middles of PUCCH vs. slot. 
Hopping at a middle of the PUCCH duration (Alt. 1) allows to allocate equal or similar number of symbols between the two frequency-hop segments. This results that the PUCCH power and the amount of UCI/DMRS resources are equally split between the transmissions, and thus can maximize effects of the frequency hopping. On the other hand, hopping at the middle of a slot regardless of the PUCCH duration (Alt. 2) is beneficial to the FDM multiplexing and aligning of numerologies with different slot durations. That is, the frequency resource allocation and multiplexing for the numerology using a larger subcarrier spacing (shorter slot duration) can be more efficient and easier. However, this benefit of Alt. 2 comes at the expense that the aforementioned benefits of Alt. 1 are somewhat lost, resulting in worse performance. Alt. 2 has also a drawback that the capacity of UE multiplexing via OCC in time domain becomes limited by the shorter frequency-hop segment and the issue becomes more conspicuous in cases most symbols in the first half of the slot are used by PDCCH, GP and other signals/channels. In these regards, we propose to adopt Alt. 1, frequency hopping at a middle of the PUCCH duration.
The number of symbols for the 1st and 2nd frequency-hop segments can be ‘ceil(L/2)’ and ‘L-ceil(L/2)’, respectively, for length L of the PUCCH. This results that the number of symbols are the same between the two frequency-hops in cases of even L and the first frequency-hop has one symbol more than the second frequency-hop in cases of odd L. The PUCCH transmission starts from DMRS as in Figure 1 and UCI/DMRS are placed alternately as agreed in the RAN1 NR ad hoc #2 meeting, which can outperform other cases as shown in [2]. For a configured UL bandwidth part, the two frequency-hops can be placed at the both edges of the UL bandwidth part, like LTE PUCCH transmissions frequency-hop between the upper/lower frequency edges of the UL component carrier.
Proposal 1 (Frequency hopping)
· Frequency hopping occurs at a middle of the PUCCH duration only once. 
· The number of symbols for the 1st and 2nd frequency-hop segments are ceil(L/2) and L-ceil(L/2), respectively, for length L of the PUCCH.

· The first/second frequency-hops can be placed on PRBs at upper/lower edges of a UL bandwidth part, respectively.

Proposal 2 (DMRS)
· DMRS is placed on the 1st and every other symbol of PUCCH transmission. 

3 Multiplexing and simultaneous HARQ-ACK/SR
As agreed in RAN1 NR ad hoc #2 meeting, DMRS for PUCCH with 1~2 UCI bits is a sequence, e.g., with a cyclic shift (CS) of a CAZAC in frequency domain and Orthogonal Cover Code (OCC) in time. PUCCHs from different UEs can be multiplexed by assigning different CS or/and OCC. In the same way, HARQ-ACK and SR can be multiplexed on the same PRB. In doing so, as data symbols for HARQ-ACK PUCCH are modulated by HARQ-ACK symbols, OCC has to be separately applied to DMRS and data symbols.  
In order to support multiplexing HARQ-ACK and SR on the same PRBs, the OCCs applied to SR have to be aligned with those applied to HARQ-ACK PUCCH. That is, OCCs for SR PUCCH are separately defined and applied on the even and odd index symbols to align with OCCs for DMRS and UCI symbols of HARQ-ACK PUCCH. This guarantees that HARQ-ACK and SR are multiplexed on the same PRB whatever modulation symbols are carried on UCI symbols. In order to randomize interference between the UEs multiplexed on the same PRB due to imperfect orthogonality caused by delay spread and near-far effect, CS hopping per symbol and OCC hopping per frequency-hop can be applied as well. 

Proposal 3 (Multiplexing)
·  PUCCHs for HARQ-ACK or/and SR can be multiplexed on the same PRB using different CS or/and OCC for the same or different UEs.
· OCCs for SR PUCCH are separately applied on the even and odd index symbols to align with OCCs for DMRS and UCI symbols of HARQ-ACK PUCCH.
In cases that a UE has to transmit both HARQ-ACK and positive SR, it is desirable that a single PUCCH is transmitted instead of transmitting both PUCCHs separately for HARQ-ACK and positive SR, in order to reduce PAPR/CM and provide larger coverage. As OCC will be separately applied to the even and odd symbols corresponding to DMRS and UCI, respectively, resource for SR PUCCH can be used to transmit HARQ-ACK by carrying HARQ-ACK modulation symbols on the odd symbols corresponding to UCI. Specifically, in cases of simultaneous positive SR and HARQ-ACK from a UE, resource for SR PUCCH (PRB, CS, OCC) is used instead and DFT-s-OFDM symbols are modulated by the HARQ-ACK symbol. Although specific locations of DMRS and UCI symbols are different from LTE PUCCH, almost the same principle can be applied. 
Proposal 4 (Simultaneous HARQ-ACK and SR)
· In case of positive SR, PUCCH for 1~2 bits HARQ-ACK is transmitted on the SR resource (PRB, CS, OCC).
4 Conclusion 

This contribution discussed remaining details of long PUCCH structure for 1~2 UCI bits. Although detailed structure and DMRS design are different from LTE, high level structure of LTE PUCCH can be employed as to multiplexing, and handling of simultaneous HARQ-ACK/SR from a UE.
Proposal 1 (Frequency hopping)
· Frequency hopping occurs at a middle of the PUCCH duration only once. 

· The number of symbols for the 1st and 2nd frequency-hop segments are ceil(L/2) and L-ceil(L/2), respectively, for length L of the PUCCH.

· The first/second frequency-hops can be placed on PRBs at upper/lower edges of a UL bandwidth part, respectively.

Proposal 2 (DMRS)
· DMRS is placed on the 1st and every other symbol of PUCCH transmission. 

Proposal 3 (Multiplexing)
·  PUCCHs for HARQ-ACK or/and SR can be multiplexed on the same PRB using different CS or/and OCC for the same or different UEs.
· OCCs for SR PUCCH are separately applied on the even and odd index symbols to align with OCCs for DMRS and UCI symbols of HARQ-ACK PUCCH.
Proposal 4 (Simultaneous HARQ-ACK and SR)
· In case of positive SR, PUCCH for 1~2 bits HARQ-ACK is transmitted on the SR resource (PRB, CS, OCC).
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