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1. Introduction
At the last RAN1 meeting, following agreements were made [1]:
	Agreements:
· 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.
Agreements:
· 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.


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
2.1. Possible starting positions and durations
UL part duration could be different between slots depending on the usage of slots: for example, in case of no DL part in the slot, UL part spans the whole slot; in case DL part is present in the slot, UL part duration depends on the durations of DL part and guard period.
Long-PUCCH basically spans over whole UL part of the given slot. However, it is possible that short-PUCCH/SRS at the end of the slot is TDMed with the long-PUCCH within the same slot. For such case, the long-PUCCH should be shortened. Considering that short-PUCCH can span up to 2 symbols and SRS can span {1, 2, 4} consecutive symbols, at least long-PUCCH shortening by 2 symbols should be supported.
Long-PUCCH starting positions/durations are illustrated in Fig. 1. Note that for 7-symbol slot (if supported), available number of OFDM symbols for UL part is limited and hence, possible configurations are limited compared to 14-symbol slot; here, it is assumed that 7-symbol slot does not support the duration of DL + GP = 4 symbols.
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(a) 14-symbol slot
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(b) 7-symbol slot
Fig. 1.	Long-PUCCH starting positiond/durations.

Proposal 1:
· Long-PUCCH durations and positions in the Figure 1 are supported.

2.2. Possible frequency-hopping positions in time-domain
Next step is to identify the feasible frequency-hopping position in time-domain. Two aspects should be taken into account. First, the length of a UL part of a given slot is typically common among UEs transmitting long-PUCCH in the same slot. For example, it is not realistic that for one UE, the slot is UL-centric, while for another UE, the slot is UL-only. Second, the length of long-PUCCH in the given slot can be different among UEs transmitting long-PUCCH in the same slot. One UE may have TDMed short-PUCCH in the same slot, while another UE may not have. From these aspects, following can be said:
· Frequency-hopping position in time-domain should be common among UEs having the same UL part length of the slot.
· Frequency-hopping position in time-domain can be different among UEs having different UL part lengths of the slot.
Example frequency-hopping positions in time-domain are illustrated in Fig. 2 below. For a given UL part length of the slot, the position is fixed irrespective of whether the long-PUCCH is shortened at the end of the slot, while for different UL part lengths of the slot, the positions can be different. 
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(a) 14-symbol slot
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(b) 7-symbol slot
Fig. 2.	Possible frequency-hopping positions of long-PUCCH.

Proposal 2:
· Frequency-hopping positions in time-domain for long-PUCCH for a given durations and positions in the Figure 2 are supported.
· Note that the frequency-hopping positions can also be common for PUSCH intra-slot frequency-hopping.

2.3. Possible frequency-hopping in frequency-domain
For LTE, PUCCH frequency-hopping is symmetric for the center of the carrier, and PUCCH frequency-hops are at the edges of the system bandwidth. However, for NR, UEs may have different bandwidths of the active UL BWP for PUCCH transmission. If the frequency-hopping is for the edges of the UL BWP, spectrum fragmentation or inefficient resource usage is caused (see Fig. 3 (a)). In order to resolve this and to multiplex PUCCHs on different UL BWPs efficiently, it is desirable to make the PUCCH frequency-hopping pattern configurable by the NW in an independent manner from the bandwidth of the UL BWP (see Fig. 3 (b)). For example, by setting the frequency-hopping pattern such that the hopping is limited within a certain bandwidth, spectrum fragmentation can be minimized. 
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(a) Frequency-hopping b/w edges of the access BW.
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(b) Frequency-hopping b/w configured parts.
Fig. 3.	Frequency-hopping for long-PUCCH.

Proposal 3:
· Frequency-hopping pattern in frequency domain should be configurable to minimize the spectrum fragmentation.

2.4. Possible RS positions in time-domain
Next step is to identify RS positions in time-domain. DMRS placement on either odd or even symbol works without any difference within a long-PUCCH. Considering the duration of long-PUCCH could be across UEs or gNBs, it is beneficial to align RS positions irrespective of the duration of long-PUCCH. In other words, DMRS on odd symbols or even symbols depend on starting position and duration of the long-PUCCH.
For a given DMRS placement and frequency-hopping boundary, maximum OCC spreading factor for each case can be derived. Fig. 4 illustrates the example. For 14-symbol slot with full UL part, spreading factor 3 is available, which can result in the same multiplexing capacity as LTE PUCCH format 1a/1b.
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(a) 14-symbol slot
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(b) 7-symbol slot
Fig. 4.	Possible structures of long-PUCCH.

Proposal 4:
· For long-PUCCH with UCI of up to 2 bits, RS and UCI symbols are placed using interlacing manner in time-domain.
· RS positions for different long-PUCCH starting position/duration are determined such that those are aligned among different starting position/duration of long-PUCCHs among UEs/gNBs.

2.5. Support of long-PUCCH for non-slot-based scheduling
It was agreed that for downlink, NR supports both slot-based scheduling and non-slot-based scheduling (latter implies mini-slot-based scheduling). In the above discussions, designs are identified assuming that a long-PUCCH is mapped on a slot with slot-based scheduling operation. However, for non-slot-based scheduling, if the use of long-PUCCH is limited in such way, the non-slot-based scheduling operation is restrictive. One approach is to use short-PUCCH only for non-slot-based scheduling. However, this is also not good approach as the UL coverage is limited in this case. Therefore, it is beneficial to support long-PUCCH for both slot-based scheduling and non-slot based scheduling. 
Proposal 5:
· Long-PUCCH with UCI of up to 2 bits can be used in both slot-based scheduling and non-slot-based scheduling.
· Channel design can be optimized for slot-based scheduling.

3. Conclusion
In this contribution, we discussed structures of long-PUCCH for UCI of up to 2 bits and proposed following.
Proposal 1:
· Long-PUCCH durations and positions in the Figure 1 are supported.
Proposal 2:
· Frequency-hopping positions in time-domain for long-PUCCH for a given durations and positions in the Figure 2 are supported.
· Note that the frequency-hopping positions can also be common for PUSCH intra-slot frequency-hopping.
Proposal 3:
· Frequency-hopping pattern in frequency domain should be configurable to minimize the spectrum fragmentation.
Proposal 4:
· For long-PUCCH with UCI of up to 2 bits, RS and UCI symbols are placed using interlacing manner in time-domain.
· RS positions for different long-PUCCH starting position/duration are determined such that those are aligned among different starting position/duration of long-PUCCHs among UEs/gNBs.
[bookmark: _GoBack]Proposal 5:
· Long-PUCCH with UCI of up to 2 bits can be used in both slot-based scheduling and non-slot-based scheduling.
· Channel design can be optimized for slot-based scheduling.
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