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1. Introduction
UL control channel design is one of the fundamental works in NR, including the structure of long and short PUCCH format, the PUCCH resource allocation and also how to multiplex UCI with data. Up to RAN1 89 meeting, following agreements related to PUCCH resource allocation were made: 
Agreements (RAN1 #87):
· 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 (RAN1 Ad-hoc):

· 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

· 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
Agreements (RAN1 #88):
· NR supports PUCCH resource allocation for HARQ-ACK transmission with following manner.

· A set of PUCCH resources is configured by high layer signaling
· FFS: other mechanisms
· A PUCCH resource within the configured set is indicated by DCI.

· PUCCH resource determination rule is defined at least for the case where the dedicated PUCCH resources is unknown to the UE

· FFS: details of PUCCH resource determination rule including implicit resource mapping and/or explicit signaling

· This does not preclude implicit resource mapping
Similar to LTE, UL control information includes ACK/NACK, SR and CSI, though detailed information would be different, e.g., beam-related CSI. PUCCH resource allocation method could be different for these UL control information. This contribution discusses PUCCH resource allocation for HARQ-ACK transmission, while PUCCH resource allocation for SR and CSI are discussed in [1, 2].
2. Discussion
It has been agreed in RAN1# 89 that, for long PUCCH, NR supports at least one PUCCH format for UCI with up to 2 bits with high multiplexing capacity, and one PUCCH format for UCI with large payload with no multiplexing capacity, while FFS one PUCCH format for UCI with moderate payload with some multiplexing capacity. For short PUCCH, the number of symbols can be 1 or 2. 
2.1 Implicit PUCCH resource indication
For PUCCH format for UCI up to 2 bits with high multiplexing capacity (with time-domain OCC) , e.g., up to 18 or 36 UEs multiplexed in one PRB as LTE PUCCH format 1/1a/1b, ARI-like indication would require 5~6 bits for full flexibility, which incurs undesirable increase in DCI. Therefore, implicit indication (implicit link between a lowest CCE index of the PDCCH and PUCCH resource) can be considered to save DCI payload. In NR, UEs with different HARQ-ACK timing can transmit HARQ-ACK in a same PUCCH while associated PDSCHs can be received in same or different slots/symbols or in different control subband. Then, additional offset is needed on top of PUCCH resource derived by CCE index to avoid collision between UEs with same CCE index. In LTE, 2 bits ARO indicative of one of four offsets is introduced to alleviate the PUCCH resource collision between UEs with same CCE index within respective EPDCCH search space or one in EPDCCH search space while the other in PDCCH search space. In NR, ARO could still be an effective way and 2 bits would be enough.

Proposal 1: In order to avoid unnecessary increase in DCI overhead, NR supports the combination of implicit and ARO-like explicit indication of PUCCH resource for small payload PUCCH format with high multiplexing capacity. 

2.2 PUCCH time-domain resource indication 
For long PUCCH,  the transmission duration can vary with from 4 to 14 in one UL slot or even over multiple UL slots. The duration is determined by several factors, such as the slot type (UL-only slot  or DL/UL hybrid slot ) in TDD, the short PUCCH  region/SRS, and reservations for unknown OFDM symbols, which may dynamically change slot by slot. To identify the time-domain resource for long PUCCH without slot aggregation, the slot index, the transmission duration as well as starting position in the indicated slot (i.e., UL symbol index) should be informed to UE. The slot index can be derived from the HARQ-ACK timing indication in DCI scheduling PDSCH. The start symbol and duration can be indicated by UE-specific DCI for DL assignment or possibly UE-group common DCI. For the former case, separate bit field is required in DL assignment or ARI indication includes such timing information as one parameter of RRC configured set of resource for ARI. Alternatively, UE assumes that PUCCH starts at first symbol in UL region indicated by subframe format information (SFI) in UE-group common PDCCH, and ends right before SRS symbol or its own short PUCCH symbol. For long PUCCH with slot aggregation, the number of slot and the time resource in each slot should also be determined, e.g., configured by the higher layer signaling as discussed in our companion contribution [3].

For short PUCCH, the transmission duration is one or two symbols. Higher-layer configuration of duration would be sufficient, or it can be joint encoded with frequency domain resource in each resource set for ARI. The slot index can be derived from HARQ-ACK timing indication. Since more than one short PUCCH can be multiplexed in one slot  in TDM manner, UL symbol index for different UEs can be different. DCI informs the UL symbol index for dynamic indication. In the case of beamformed system, UL symbols within one UL slot may be associated with receiving beams at gNB. The UL symbol to transmit short PUCCH could be implicitly derived from the gNB-side Rx beam indication. On the other hand, if there is no determinate relation between Rx beam and PUCCH transmission, explicit indication of UL symbol index should be applied. 
Considering in some scenarios, e.g., FDD operation or semi-static slot configuration for TDD, the dynamic change of time resource for PUCCH (e.g., starting position and duration of PUCCH) is unnecessary, the appearance of dynamic indication in DCI can be semi-statically configured by RRC signaling. 

Proposal 2: For time resource of PUCCH, whether or not a DCI indicates slot and slot symbols (e.g. start and duration) for PUCCH is by configuration – RRC configuration applies otherwise.

· If the time resource is dynamically indicated by DCI, 

· For short PUCCH, UE-specific DCI indicates slot, slot symbol(s), and RB(s) from configured set of RBs.
· For long PUCCH without slot aggregation, UE-specific DCI or possibly UE-group common DCI indicates slot, start symbol and duration. 
· For long PUCCH with slot aggregation, UE-specific DCI indicates the starting slot and start symbol, while the  number of slots for repetitions and the number of OFDM symbols in a slot is configured by higher-layer signaling.  
2.3 PUCCH frequency-domain resource indication 

In LTE, for PUCCH format 1/1a/1b, the number of PRB is fixed as one and the PRB index is implicitly derived. For PUCCH format 3 and format 5, the number of PRB is fixed as one and the PRB index is explicitly indicated by ARI. For PUCCH format 4, the number of PRBs varies from 1 to 8, the occupied PRB(s) is explicitly indicated by ARI. 
In NR, for long PUCCH targeting large payload, the number of PRBs should be configurable. Similar to LTE PUCCH format 4, the payload is one factor to determine the number of frequency resources. In addtion, the required frequency resources would significantly fluctuate to keep the desirable coding rate, in accordance with the vairation of transmission duration. Existing 2-bit ARI may not be sufficient for frequency resource selection to cope with variable HARQ-ACK payload and the transmission duration at the same time.  One possible solution is to configure different sets of PRBs for different durations, and then UE identifies the set according to the duration and derives the PRB(s) information by 2-bit ARI indicating from the set. Or, the PRB(s) for different durations can be derived from DCI indication and a scaling factor based on the duration. 

For long PUCCH targeting small or moderate payload, the variation of transmission duration causes the fluctuation of PUCCH multiplexing capability. In LTE PUCCH format 1/1a/1b/2/3, a set of criteria can be used to map a PUCCH resource index to exact time/frequency/code domain resource. The same/similar scheme applies in NR too. Therefore, it is not need to adjust the configured PUCCH resource index. With the change of multiplexing capability, the dimensioned number of PRBs adapted.

Proposal 3: PUCCH frequency resource should be adjustable to cope with varied time resource (PUCCH transmission duration) and UCI payload. Different sets of RBs can be configured for different durations or the RB(s) for different durations can be derived from DCI indication and a scaling factor based on the duration
2.4 Long/short PUCCH configuration 

Long and short PUCCH is suitable for different transmission latency, different link budget and probably for the different UCI payload. Since the link budget may change slowly and the latency of a certain service type is pre-defined, it seems sufficient to semi-statically configure the long or short PUCCH. For the UCI payload, it may vary dynamically with number of DL slots/scheduled DL cells (with dynamic HARQ-ACK codebook determination). It might be beneficial to enable dynamic switching between long PUCCH and short PUCCH, at least for UEs with relatively good link budget. For example, when there is only one or few HARQ-ACK bits reported by a cell center UE, short PUCCH can still meet the performance requirement and improve scheduling flexibility by enabling either full UL-centric or DL centric slot. The dynamic switching could be implemented by either explicit indication in DCI (i.e., adding one bit) or ARI-like indication wherein long/short PUCCH is included in PUCCH resource set configuration. 

Proposal 4: Further study the dynamic switching between long and short PUCCH in addition to semi-static configuration. 

2.5 PUCCH resource determination when dedicated PUCCH resources is unknown
There’re some cases UE does not certainly know the dedicated PUCCH resource, e.g., before RRC connection establishment or RRC reconfiguration period. Before RRC connection establishment,  PUCCH resource of ACK/NACK for Msg 4 in random access procedure should be determined. Since the PUCCH payload is only 1 bit, the implicit + ARO-like indication  is more suitable than ARI-like indication. Similar as LTE, cell-specific PUCCH parameter (e.g., Npucch1) is broadcasted in system information which is acquired before random access. A set of ARO value could be fixed, like [-2, -1, 0, 2] in LTE FDD, or based on the potential bundling window as in LTE TDD which can be derived from the HARQ-ACK timing in SIB before random access [4]. During the RRC configuration/reconfiguration period, both ARI-like indication and implicit +ARO-like indication with fallback DCI (like DCI 1A in LTE) can be considered. For UE-specific DCI, the PUCCH resource parameters are configured by dedicated RRC signaling, while for fallback DCI, these parameters are default values or broadcasted by SIB (i.e., it is cell-specific parameter). In that way, PUCCH resource ambiguity during the reconfiguration period can be resolved.   
Proposal 5: Default or cell-specific PUCCH resource broadcasted by SIB can be used during the random access procedure or RRC configuration/reconfiguration period. 
3. Conclusion
This contribution considered the design aspects for PUCCH resource allocation, and proposes the following.

Proposal 1: NR supports multiple PUCCH formats for HARQ-ACK transmission based on HARQ-ACK payload. Consider down-selection from LTE PUCCH format based structures.

Proposal 2: For time resource of PUCCH, whether or not a DCI indicates slot and slot symbols (e.g. start and duration) for PUCCH is by configuration – RRC configuration applies otherwise.

· If the time resource is dynamically indicated by DCI, 

· For short PUCCH, UE-specific DCI indicates slot, slot symbol(s), and RB(s) from configured set of RBs.
· For long PUCCH without slot aggregation, UE-specific DCI or possibly UE-group common DCI indicates slot, start symbol and duration. 
· For long PUCCH with slot aggregation, UE-specific DCI indicates the starting slot and start symbol, while the  number of slots for repetitions and the number of OFDM symbols in a slot is configured by higher-layer signaling.  
Proposal 3: PUCCH frequency resource should be adjustable to cope with varied time resource (PUCCH transmission duration) and UCI payload. Different sets of RBs can be configured for different durations or the RB(s) for different durations can be derived from DCI indication and a scaling factor based on the duration
Proposal 4: Further study the dynamic switching between long and short PUCCH in addition to semi-static configuration. 
Proposal 5: Default or cell-specific PUCCH resource broadcasted by SIB can be used during the random access procedure or RRC configuration/reconfiguration period.  
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