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Introduction
In the 3GPP RAN1 NR ad hoc meeting in January 2017 the following agreement was made on UL control signaling [1].
· For PUCCH in short-duration,
· At least following is supported for PUCCH in 1-symbol duration:
· UCI and RS are multiplexed in the given OFDM symbol in FDM manner if RS is multiplexed.
· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.
· At least a PUCCH in short-duration spanning 2-symbol duration of a slot is supported.
· FFS actual structure and waveform.
· Same SCS between DL/UL data and PUCCH in short-duration in the same slot.
· At least semi-static configuration for the following is supported.
· A PUCCH resource of a given UE within a slot.
· i.e., short-PUCCHs of different UEs can be TDM’ed within the given duration in a slot.
· The PUCCH resource includes time, frequency and, when applicable, code domains.
· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot

· PUCCH in short-duration can span until the end of a slot from UE perspective
· No explicit gap symbol is necessary after the PUCCH in short-duration.
· For a slot having short UL-part (i.e., DL-centric slot):
· ‘Short UCI’ and data can be FDMed by one UE if a data is scheduled on the short UL-part.
· For a slot having long UL-part (i.e., UL-centric slot or UL-only slot), following are FFS:
· Whether/how a UL data in the long UL-part can be extended until the end of the slots.
· Whether/how a UL data can be scheduled on the short-duration.

· For PUCCH in long-duration,
· Long UL-part of a slot can be used for transmission of PUCCH in long-duration.
· i.e., PUCCH in long-duration is supported for both UL-only slot and a slot with the number of uplink symbols greater than X (X >= 2).
· FFS exact value of X
· In addition to simultaneous PUCCH-PUSCH transmission, UCI on PUSCH is supported.
· Intra-slot frequency-hopping is supported
· For further discussion of PUCCH in short-duration, UCI payload of 1 – at least a few tens of bits (or SR) is assumed.
· For further discussion of PUCCH in long-duration, UCI payload of 1 – at least a few hundreds of bits (or SR) is assumed.
· For PUCCH in long-duration, DFT-s-OFDM waveform is supported. 
· For PUCCH in long-duration, transmit antenna diversity is supported
· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’
· The PUCCH resource includes time, frequency and, when applicable, code domains.

PUCCH resource allocation
[bookmark: _Ref471386577] In the following subsections we discuss different aspects of PUCCH resource allocation.
Resources for Long-duration PUCCH
It has been agreed that PUCCH in long duration will use UL ≥ 2 symbols and that DFT-s-OFDM will be supported. The REs for PUCCH in long duration may be reserved in different subbands across the transmission bandwidth and hopping may be supported between the subbands for frequency diversity as shown in Figure 1. This would be similar to PUCCH in LTE where resources are reserved in subbands at the two ends of the transmission bandwidth and slot hopping is supported for PUCCH transmission. For NR, more than two bands may be reserved as the cell bandwidth is large but the UE may be configured to operate only on a subset of the PUCCH subbands depending on its processing capabilities.



[bookmark: _Ref474146770]Figure 1 Long-format PUCCH resources
NR may consider multiplexing multiples UEs in these resources using TDM, FDM and orthogonal covering codes or near-orthogonal sequences.
Observation 1: Resources may be reserved for long-duration PUCCH in certain REs and UEs may be multiplexed on those resources using orthogonal codes or sequences.

Resources for short-duration PUCCH
Resources for short-duration PUCCH may be assigned anywhere in the spectrum within the UL part of the UL-centric or DL centric part, especially when used with CP-OFDM. Figure 2 shows ways in which the UCI resources may be allotted in DL centric transmission in one or 2 symbols, and in a localized or distributed manner. The concept can also be extended to short-duration PUCCH in an UL centric transmission.



[bookmark: _Ref474147712]Figure 2 Short-duration PUCCH resource allocation in a DL centric subframe
(A) UCI using 2 symbols (B) UCI using 1 symbol (C) UCI sharing resources with data (D) discontinuous UCI resources

Observation 2: NR may consider one or more ways of allocating short-duration PUCCH resources from above. 
Conclusion
In this contribution, we have discussed the Physical Uplink Control Channel Design for NR and concluded the following.
Observation 1: Resources may be reserved for long-duration PUCCH in certain REs and UEs may be multiplexed on those resources using orthogonal codes or sequences.
Observation 2: NR may consider one or more ways of allocating short-duration PUCCH resources from above.
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