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Introduction
Regarding PUCCH resource allocation, the following has been agreed: 
Agreements: [1]
· In frequency-domain, a PRB (or multiple PRBs) is the minimum resource unit size for UL control channel.
Agreements: [2]
· Physical uplink  control signaling should be able to carry at least hybrid-ARQ acknowledgements, CSI reports (possibly including beamforming information), and scheduling requests
· Support ‘UCI on PUSCH’, i.e. using some of the scheduled resources for UCI in case of simultaneous UCI and data
· Support ‘simultaneous PUSCH and PUCCH at least for the long PUCCH format’, i.e. transmit uplink control on PUCCH resources even in presence of data
· At least a low PAPR/CM design should be supported for the ‘long PUCCH’
· 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’
· It should be possible to dynamically indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI.
Agreements: [2]
· In order to support TDM of short PUCCH from different UEs in the same slot, a mechanism to tell the UE in which symbol(s) in a slot to transmit the short PUCCH on is supported at least above 6 GHz (exact mechanism FFS)
Agreements: [3]
· 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):
· 
Agreements (updating RAN1 #87 agreements): [3]
· 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.
· FFS details e.g., if the time in the PUCCH resource includes both slot and symbol, or only symbol in a slot
In this contribution we discuss where PUCCH resources should be allocated in frequency-domain. Furthermore, we share our thoughts on signaling for PUCCH resource allocation. 
Discussion
PUCCH resource allocation in frequency-domain
NR will support very wide carrier bandwidths and it is expected that not all devices will be capable of operating across the whole carrier bandwidth. Devices operating over just a fraction of the carrier need to be assigned an operating bandwidth. So far no discussion took place if the carrier is divided into system-wide subbands and bandwidth-limited devices (or devices currently configured with a bandwidth smaller than the carrier bandwidth) would be assigned such subbands or if a device bandwidth can be configured freely within the carrier bandwidth. Figure 1 shows the case where two bandwidth limited devices are configured with their respective operating bandwidth.
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[bookmark: _Ref473807203]Figure 1	Devices are configured with device bandwidths. Each device bandwidth contains a PUCCH region.
Each device is configured with PUCCH regions within its configured device bandwidth. To support frequency hopping a device can be configured with two PUCCH regions (each PUCCH region can contain multiple PUCCH resources). To maximize frequency diversity, it is preferable to locate PUCCH regions at the configured bandwidth edges. 
To minimize fragmentation of UL spectrum (even if UL is OFDM it could still be beneficial to try to minimize fragmentation) it is preferable to align device configured bandwidths, e.g. if multiple devices share the same bandwidth or their configured bandwidths are adjacent their PUCCH regions can be shared. 
Proposal 1: A device is configured with PUCCH region(s) within its configured bandwidth.
Signaling aspects
In Figure 2 DL transmission is shown where a DL transmission is scheduled in slot n and the HARQ feedback is requested in slot n+1. It has earlier been agreed to 1) enable DL data reception in slots later than the slot in which the DCI has been received and 2) to indicate transmission timing of PUCCH in DCI. 
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[bookmark: _Ref473809509]Figure 2	A device is scheduled with DL data in slot n. Information in DCI indicates that corresponding HARQ feedback should be sent in slot n+1. 
In addition to the timing the UE also needs to know the exact PUCCH resource. In LTE – depending on PUCCH format – implicit and explicit signaling is used. For PUCCH Format 1a/1b and 2/2a/2b implicit signaling is used where the PUCCH resource is derived from the position of the scheduling PDCCH CCE (in addition to RRC configured parameters). For other PUCCH formats a pool of PUCCH resources is configure and an ACK/NACK Resource Indicator (ARI) is used to dynamically select one of the configured resources.
Given the anticipated much higher flexibility of PUCCH reporting in NR it is questionable if mainly relying on implicit signaling becomes not very complicated and maybe inefficient: For example, if for two DL transmissions in different slots HARQ feedback should be reported in the same slot they would use the same PUCCH resource if scheduled from the same PDCCH position (assuming a similar rule as in LTE). To avoid such a collision another PDCCH resource would have to be used which restricts control channel scheduling. 
Proposal 2: Support at least: A pool of PUCCH resources can be RRC configured and an indicator in the DCI dynamically selects the PUCCH resource out of the configured pool.
In Figure 3 another scheduling example is shown where a UE is scheduled in subsequent slots with DL transmissions. Due to lack of PUCCH opportunities (e.g. no UL opportunities) HARQ feedback for all shown transmissions is requested in slot n+4. With already made agreements and Proposal 1 above this case is supported.
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[bookmark: _Ref473809640]Figure 3	A devices is scheduled multiple times and should send HARQ feedback for all transmissions in slot n+3. The ACK/NACK timing indicator included in the DCIs points for all transmissions to slot n+4. The ARI included in the DCIs points to different PUCCH resources to avoid collisions. 
While this works in principle it is not the most efficient solution. In the example shown in Figure 3, the UE would have to transmit three independent PUCCH in subframe n+3. This is sub-optimum from many perspectives: One jointly coded transmissions with 3 bits (assuming for simplicity each HARQ feedback consists of a single bit) can be more efficient than 3 individual transmissions; some of the NR PUCCH formats will be of low PAPR which will be lost if multiple PUCCH are transmitted simultaneously; depending on the frequency positions of the PUCCH resources power back-offs might be required to mitigate intermodulation products. It should be possible to request HARQ feedback from DL transmissions from different slots in a single UCI message. 
Proposal 3: HARQ feedback from DL transmissions in different slots can be jointly encoded and transmitted with a single UCI message.
Conclusion
In this paper we share our view on frequency resources of PUCCH and how to signal PUCCH resources. In particular, the following is proposed:
Proposal 1: A device is configured with PUCCH region(s) within its configured bandwidth.
Proposal 2: Support at least: A pool of PUCCH resources can be RRC configured and an indicator in the DCI dynamically selects the PUCCH resource out of the configured pool.
Proposal 3: HARQ feedback from DL transmissions in different slots can be jointly encoded and transmitted with a single UCI message.
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