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1. Introduction
Regarding PUCCH resource allocation, NR will support both semi-static configuration and ARI-like explicit indication (a set of PUCCH resources is configured by higher layer signaling and a PUCCH resource within the configured set is indicated by DCI) for both long and short PUCCH format. In RAN1#90, the contents of PUCCH resource (including time/frequency/code-domain resource) were discussed and the following was agreed [1], 
Agreements (RAN1 #90):
· In order to identify PUCCH resource, at least following are known by the UE:

· PUCCH format

· Starting symbol in a slot

· Which slot(s) the PUCCH is transmitted

· PRB allocation within the UL BWP
· For 1-symbol short-PUCCH for UCI of up to 2 bits,

· Code/sequence index(es)

· For 1-symbol short-PUCCH for UCI of more than 2 bits,

· No additional parameters are identified

· For 2-symbol short-PUCCH for UCI of up to 2 bits,

· Code/sequence index(es)

· Frequency-hopping pattern
· For 2-symbol short-PUCCH for UCI of more than 2 bits,

· Frequency-hopping pattern
· For long-PUCCH for UCI of up to 2 bits,

· Duration of the long-PUCCH within a slot

· Note: take the case of multi-slot into account.

· Sequence/code index

· OCC and, e.g., cyclic-shift

· Frequency-hopping pattern
· For long-PUCCH for UCI of more than 2 bits with no multiplexing capacity,

· Frequency-hopping pattern
· Duration of the long-PUCCH within a slot

· Note: take the case of multi-slot into account.

· For long-PUCCH for UCI of more than 2 bits with multiplexing capacity,

· FFS: details

· FFS: for transmit diversity

· FFS: signaling aspects, e.g., implicit, explicit, table, etc.
This contribution discusses the remaining signaling aspects for PUCCH resource, while transmit diversity design for PUCCH is provided in a companion contribution [2]. This contribution is revised from R1-1713631. 
2. Discussion
2.1 Implicit PUCCH resource indication
For long PUCCH, NR supports 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, and will also enable some UE multiplexing capacity per slot for moderate UCI payloads. At least 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 can be multiplexed in one PRB, similar to LTE PUCCH format 1/1a/1b. Then, ARI-like indication would require 5~6 bits for full resource allocation flexibility within a PRB of a slot without accounting for other potential dynamic signaling overhead such as for indicating a PRB or symbols within a slot (the signaling to indicate the slot itself is also not considered). Therefore, the total overhead in a DL DCI for indicating resources (time/frequency/code) related to a HARQ-ACK transmission can be a material portion of the DCI and implicit indication (such as a link between a lowest CCE index of the PDCCH and the PUCCH resource as in LTE) can be considered to avoid unnecessary DCI overhead. 
In NR, UEs with different HARQ-ACK timing can transmit HARQ-ACK in a same PUCCH slot while associated PDSCHs can be received in same or different slots/symbols or in different CORESETs. This may be viewed as complicating implicit PUCCH resource allocation. However, to a large extend, a same situation exists for EPDCCH/MPDCCH-based scheduling in LTE and any ambiguity is resolved through an EPDCCH set specific Npucch1 offset and an ARO field for indicating one of four offsets relative to the lowest CCE index. Applicability of this LTE indication can be directly extended to NR for a reduction of at least 3-4 bits in the DCI overhead.

Proposal 1: NR supports the combination of implicit and ARO-based explicit PUCCH resource indication for PUCCH formats conveying  1-2 HARQ-ACK bits. 

2.2  PUCCH resource indication 
· Time domain resource 

Time domain resource includes a starting symbol in a slot, a duration within the slot, and the slot(s) the PUCCH is transmitted over. In case of long PUCCH with slot aggregation, time domain resource also consists of the number of slots. 
For semi-static frame structure, e.g., FDD or semi-static slot configuration for TDD, semi-static configuration of the time-domain resource is sufficient. For dynamic TDD (e.g., dynamic UL-only slot or DL/UL hybrid slot) and reservations for certain signals such as unknown OFDM symbols for backward/forward compatibility which may change on a slot basis, dynamic signaling of time-domain resource is desirable. The same may apply for semi-static slot configuration in case of aperiodic SRS over multiple OFDM symbols or of dynamic short PUCCH use. In case of long PUCCH with slot aggregation, the starting symbol and duration in each slot can be different to optimize the resource efficiency. However, per slot indication of starting symbol /duration causes large DCI overhead and higher layer signaling is preferable [3]. 
In summary, both semi-static and dynamic indication of time-domain PUCCH resource should be supported for various scenarios.  Existence of a DCI field for dynamic indication of time-domain PUCCH resource can be semi-statically configured by RRC signaling. 

For dynamic signaling of time-domain resource, a separate bit field for slot index and starting symbol/duration within the slot can be considered. The slot index is derived from the HARQ-ACK timing indication in the DCI scheduling the PDSCH. The starting symbol can be indicated by a separate field from a set of RRC-configured combinations for starting symbol and duration within the slot. Alternatively, the starting symbol and duration can be jointed indicated with frequency/code domain resource indication through an ARI field but it is generally not desirable to introduce inter-dependencies among different domains. To strive for a unified signaling design for explicit (ARI) and implicit PUCCH resource allocation, separate bit field for ARI and starting symbol/duration is preferred.  
Proposal 2: For PUCCH time resource, a DCI can be configured to indicate slot symbols (e.g. start and duration) in addition to a slot.

· For short PUCCH and long PUCCH without slot aggregation, UE-specific DCI separately indicates a slot index and a start symbol/duration.  
· For long PUCCH with slot aggregation, UE-specific DCI indicates a slot index  while a  number of slots for repetitions and starting symbol/duration in a slot are configured by higher-layer signaling.  
· Frequency domain resource 

In LTE, for PUCCH format 1/1a/1b, the number of PRBs is fixed to one and the PRB index is implicitly derived. For PUCCH format 3 and format 5, the number of PRBs is fixed to one and the PRB index is explicitly indicated by ARI. For PUCCH format 4, the number of PRBs varies from 1 to 8 and the PRB(s) are explicitly indicated by ARI. To obtain frequency diversity gain, frequency hopping is enabled over the whole system bandwidth.    
In NR, the PUCCH region can be placed in any part of the system bandwidth. For UEs with limited transmission bandwidth, the PUCCH region is located within the active UL BWP. To avoid unnecessary re-tuning within the slot, the frequency-hopping is also within the UL BWP. Then, the indication of PRB is based on PRB indexing within the UL BWP, and the same hopping pattern as in LTE can be reused based on the total number of PRBs of UL BWP instead of total PRB number of the whole system bandwidth.   
Similar to LTE PUCCH format 4, the number of PRBs for PUCCH supporting UCI payload above 2 bits is configurable. In addition, for long PUCCH with variable duration (from 4 to 14 symbol), the required frequency resources can significantly fluctuate to keep desirable target coding rate, in accordance with the transmission duration. LTE-based 2-bit ARI may not be sufficient for frequency resource selection to simultaneously accommodate variable HARQ-ACK payloads and transmission durations.  Different sets of PRBs can be configured for different durations the UE identifies the set according to the PUCCH duration and derives the PRB(s) to use from the 2-bit ARI indication. Or, the number of PRB(s) and the set of PRBs for different PUCCH durations can be derived from a reference number of PRBs and set of PRBs for a reference PUCCH duration, such as 14 symbols, and a scaling factor based on the actual PUCCH duration. 
Proposal 3: PUCCH frequency resources are adjustable according to variations in PUCCH transmission duration (number of symbols). Different sets of PRBs can be configured for different PUCCH durations or the PRB(s) for different durations can be derived from a reference configuration for a reference PUCCH duration and a scaling factor based on the actual PUCCH duration.
· Code domain resource 

For PUCCH with multiplexing capacity, indication of code/sequence is required. Similar to LTE format 1/2/3, a joint indexing of frequency and code domain resource is appropriate (either implicit or explicit) 
Proposal 4: Joint indexing of frequency and code resource can be used for code domain resource indication. 
2.3  PUCCH resource determination when dedicated PUCCH resources is unknown

There are cases where a UE does not know a dedicated PUCCH resource, e.g., before RRC connection establishment or during a RRC reconfiguration period. 
Before RRC connection establishment, PUCCH resource of HARQ-ACK for Msg 4 in random access procedure requires a kind of ‘default information’ that can be conveyed either by system information or by RAR.  
· Alterative 1: Information for PUCCH resource determination is provided by SIB only. 

Alt 1.1: Since the PUCCH payload is only 1 bit, implicit indication for the PUCCH resource can apply. Similar to LTE, one cell-specific PUCCH parameter (e.g., Npucch1) is broadcasted in RMSI. Then, PUCCH resource for Msg 4 is derived as Npcch1+ncce_index. 

Alt 1.2: A cell-specific PUCCH resource set is configured in RMSI, and DCI indicates one PUCCH resource from the set. Considering the potential large number of UEs transmitting PUCCH in one slot, the number of PUCCH resources configured in this cell-specific PUCCH resource set should be large enough to avoid PUCCH blocking. However, large DCI payload caused by PUCCH resource indication is also undesirable.  

· Alterative 2: Information for PUCCH resource determination is provided by SIB and RAR.

To avoid a large DCI overhead, UE-specific PUCCH resource indication from cell-specific PUCCH resource set  broadcasted by SIB can be divided into two steps. In first step, a sub-set of PUCCH resource set is indicated by RAR. Then, the DCI scheduling Msg 4 indicates the actual PUCCH resource from the sub-set. The total number of required bits for PUCCH resource indication is still quite large (bits in SIB + RAR + DCI). Furthermore, for given RAR payload, the increased number of bits for each UE in a single RAR can lead to a reduction in the number of UEs supported by a single RAR. 

Compared toAlt 1.1, Alt 2 does not provide any material benefit while inclurring larger overhead, potential RAR congestion, and a more complex procedure.  

Similar, during the RRC configuration/reconfiguration period, implicit +ARO-like indication with fallback DCI (like DCI 1A in LTE) can be supported.  
Proposal 5: When a UE does not know the dedicated PUCCH resource, an implicit mechanism as in LTE applies. 

3. Conclusion
This contribution considered the design aspects for PUCCH resource allocation, and proposes the following.

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. 

Proposal 2: For PUCCH time resource, a DCI can be configured to indicate slot symbols (e.g. start and duration) in addition to a slot.

· For short PUCCH and long PUCCH without slot aggregation, UE-specific DCI separately indicates a slot index and a start symbol/duration.  
· For long PUCCH with slot aggregation, UE-specific DCI indicates a slot index  while a  number of slots for repetitions and starting symbol/duration in a slot are configured by higher-layer signaling.  
Proposal 3: PUCCH frequency resources are adjustable according to variations in PUCCH transmission duration (number of symbols). Different sets of PRBs can be configured for different PUCCH durations or the PRB(s) for different durations can be derived from a reference configuration for a reference PUCCH duration and a scaling factor based on the actual PUCCH duration.
Proposal 4: Joint indexing of frequency and code resource can be used for code domain resource indication. 
Proposal 5: When a UE does not know the dedicated PUCCH resource, an implicit mechanism as in LTE applies. 
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