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1. Introduction
At the RAN1#88bis and RAN1#89 meetings, following agreements were made [1-2]:
	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.

Agreements:
· Long duration NR-PUCCH for up to 2 bits in a given slot is composed as the followings:
· HARQ ACK by BPSK or QPSK modulation is repeated in time domain and multiplied with sequence(s)
· FFS: pi/2 BPSK usage
· Two states SR is based on on-off-keying
· Time domain OCC can be applied over multiple UCI/DMRS symbols per frequency hop

Agreements:
· NR supports following long-PUCCH:
· One PUCCH format for UCI with up to 2 bits with high multiplexing capacity
· One PUCCH format for UCI with large payload with no multiplexing capacity
· FFS: One PUCCH format for UCI with moderate payload with some multiplexing capacity
· Note: this could be a variation of one of the former PUCCH formats.

Agreements:
· Study whether to support frequency re-tuning within a slot for PUSCH or for PUCCH in the Rel.15 NR.
· More specifically, investigate the impact of frequency-hopping for PUSCH or for PUCCH for a given slot, i.e., intra-slot hopping, within a certain bandwidth or across bandwidths
· The certain bandwidth is maximum UE transmission bandwidth capability.




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 [3].

2. Long-PUCCH for UCI of up to 2 bits
2.1. Possible 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.
The possible long-PUCCH durations for a given slot structure are illustrated in Fig. 1. Note that for 7-symbol slot, available number of OFDM symbols for UL part is limited and hence, possible configurations are limited compared to 14-symbol slot.
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(a) 14-symbol slot
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(b) 7-symbol slot
Fig. 1.	Possible starting positions/durations of a long-PUCCH.

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 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. Due to 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 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 access bandwidths due to their capability for a given system bandwidth. If the frequency-hopping is for the edges of the access bandwidth of the given UE, spectrum fragmentation is caused. For example, if a UE1 can access the system bandwidth while UE2 can access half of the system bandwidth, and if the PUCCH frequency-hopping is between edges of the carrier where the UE can access, the consequence of the frequency-hopping becomes like Fig. 3 (a). UE1 and UE2 has asymmetric frequency-hops in frequency-domain. Considering the efficient multiplexing between UEs having different access bandwidths, it is desirable to make the PUCCH frequency-hopping pattern configurable by the NW (see Fig. 3 (b)). However, still spectrum fragmentation cannot be resolved. In order to resolve this, either (a) frequency-hopping disabling for UE2 or (b) UE bandwidth adaptation across frequency-hops (see Fig. 3 (c)) is necessary. 
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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.
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(c) Frequency-hopping b/w system BW.
Fig. 3.	Frequency-hopping for long-PUCCH.

Proposal 3:
· At least the positions of the first and second hops of a long-PUCCH are configurable.

2.4. Possible RS positions in time-domain
Next step is to identify RS position in time-domain. Considering that frequency-hopping is applied within the long-PUCCH, RS should be included in each frequency-hop. For long-PUCCH for UCI of up to 2 bits, the optimal RS density is 50%. Therefore, the set of {RS, UCI} can be placed in interlacing manner as illustrated in Fig. 4. With the RS and UCI positions, spreading factor of time-domain OCC can be determined. Note that for 7-symbol slot, due to the limited number of OFDM symbols per frequency hop, it is not possible to apply time-domain OCC. On the other hand, for 14-symbols slot with full UL part, spreading factor 3 is available, which results 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 for UCI of up to 2 bits, RS and UCI symbols are placed in interlacing manner.

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 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:
· At least the positions of the first and second hops of a long-PUCCH are configurable.
Proposal 4:
· For long-PUCCH for UCI of up to 2 bits, RS and UCI symbols are placed in interlacing manner.
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