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1 Introduction
In this contribution, we discuss the resource allocation for PUCCH, mainly roles of DCI and hopping granularity in time domain.
2 Discussion
2.1 [bookmark: OLE_LINK11][bookmark: OLE_LINK12]Resource determination by DCI for PUCCH
Regarding PUCCH carrying HARQ-ACK bits, there are agreements that both higher layer signalling and DCI can determine the PUCCH resource. The time resource for PUCCH can be expressed as slot or mini-slot or even symbols. The frequency resource for PUCCH can be expressed as subband or PRBs. Some or all of those resources are explicitly indicated by DCI. To reduce the overhead, an index can indicate both time and frequency resource for PUCCH, which are configured by higher layer signalling.
	Agreements: (NR adhoc)
· …
· Timing between DL data reception and corresponding acknowledgement is indicated by a field in  the DCI from a set of values
· The set of values is configured by higher layer
· …

Agreements: (#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.
· ...
· This does not preclude implicit resource mapping



[bookmark: OLE_LINK30]According to previous agreements, the DL-DCI plays many roles in PUCCH transmissions. The DL-DCI includes the HARQ-ACK timing index among configured values, and also includes the PUCCH resource among a configured resources. On the other hand, a UE can receive UL-DCI for dynamic UL data. In general, the serving gNB may schedule the best available frequency resources to the UE. If possible, it is desirable to use those frequency resource when a UE transmits PUCCH as well. There are three distinct cases as Figure 1 illustrates.
[bookmark: OLE_LINK31][bookmark: OLE_LINK32][bookmark: OLE_LINK33]Suppose that a UE receives DL-related DCI and UL-related DCI, and transmits both UCI and UL data (Figure 1 (a)). Then, the serving gNB has many different detection hypothesis, i.e., both DCIs are missed, either one of DCI is missed, both DCIs are decoded. For both DTx case, the UE transmits nothing. For either one of DCI is missed, the UE transmits either PUCCH or PUSCH using the indicated resource. If DL-related DCI and UL-related DCI imply different resource, then the serving gNB should detect which case is applied. For both DCIs are decoded, the UE transmits both UCI and UL data using the indicated resource. In this case, the last received DCI indicates the resource. 



[bookmark: OLE_LINK34][bookmark: OLE_LINK35](a) when DL-DCI and UL-DCI are available


  
(b) when DL-DCI is available 			(c) when UL-DCI is available
[bookmark: _Ref481711714]Figure 1 Multiplexing UCI with UL data where DCIs are received

Suppose that a UE transmits periodic UL data and receives DL-related DCI, and transmits both UCI and UL data (Figure 1 (b)). If a UE misses the DL-related DCI, then the UE transmits PUSCH only. If a UE decodes the DL-related DCI, then the UE transmits PUCCH using the indicated resource. Suppose that a UE receives periodic DL data and UL-related DCI, and transmits both UCI and UL data (Figure 1 (c)). If a UE misses the UL-related DCI, then the UE transmits PUCCH using the configured resource. If a UE decodes the UL-related DCI, then the UE transmits PUCCH using the indicated resource.
Due to DCI, the serving gNB is able to choose a frequency resource for PUCCH. Therefore, a field of 1 or 2 bits in DL-DCI or even UL-DCI can indicate which resource will be used. The selection gain from frequency selective scheduling will increase the reliability of a PUCCH. Furthermore, due to the selection gain, the PUCCH may not be distributed along the frequency domain. Single cluster transmission with appropriate power control would achieve the sufficiently low BLER.
[bookmark: OLE_LINK45][bookmark: OLE_LINK46][bookmark: _Ref481759054]Proposal 1: The UE-specific DCI can include few bits to indicate PUCCH resource.
However, there exists a case where a UE should transmits PUCCH even without DCIs. Those cases include the periodic CSI report, HARQ-ACK from semi-persistent PDSCH, and SR. At least those cases, any DCI is not available. Therefore, a UE should utilize the configured PUCCH resource. In those cases, the reliability of PUCCH is obtained from the frequency diversity because the frequency selective scheduling gain is not exploited. The configured PUCCH resource can hop in the frequency or can occupy multiple clusters in given time resources.
[bookmark: OLE_LINK47][bookmark: _Ref481759058]Proposal 2: When UCI is a HARQ-ACK, or aperiodic CSI report, choose a PUCCH resource by the last received DCI
[bookmark: _Ref481759062]Proposal 3: When UCI is periodic CSI report, or SR, the configured PUCCH resource is used.
2.2 PUCCH hopping granularity in time
According to previous agreements, a long PUCCH will have many symbols and should hop in frequency domain within one slot. The number of symbols for the long PUCCH 
	Agreements: (NR adhoc 1)
· For PUCCH in long-duration,
· …
· Intra-slot frequency-hopping is supported

Agreements: (#88bis)
· 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.



[bookmark: OLE_LINK24]Depending on the payload, the 1D- or 2D-spreading is applied while encoding the long PUCCH. In the case of more than X bits, the PUSCH-like control channel will be specified. It is possible that a part of PUCCH resource in the time domain can overlap the PUSCH resource. If PUCCH of short duration hops in the frequency domain, then the interference hypothesis within the UL mini-slot would be different at the serving gNB and the interference should be estimated in each overlapped by using DM-RS. For example, PUCCH hops at every symbol (as in the Figure 2 (a)) and the gNB should derive different interference estimation within a mini-slot. This will increase the DM-RS density at both PUSCH and PUCCH. 
On the other hand, if multi-cluster transmission is adopted (as in the Figure 2 (b))), then PUCCH does not need to hop and it is natural to span at least one mini-slot. In this case, the serving gNB can estimate channel information at each subband and do not need to increase the DM-RS density. 
[bookmark: OLE_LINK48][bookmark: OLE_LINK3]In the case where a single UE transmits simultaneous PUSCH and PUCCH, the transmission power will vary during the UL (mini-)slot. In the case where PUSCH and PUCCH are multiplexed in some resource such as a part of PRBs, the interference hypothesis at some symbols will vary due to different duration of PUSCH and PUCCH from other UEs. Instead, it is desirable to fully overlap the transmission resources of PUSCH and PUCCH at least within a UL (mini-)slot.
[bookmark: _Ref478134991][bookmark: OLE_LINK44][bookmark: _Ref481759066]Proposal 3: The minimum time granularity of frequency hopping for PUCCH and PUSCH should be same.



(a) hopping with different granularity


(b) hopping with same granularity
[bookmark: _Ref481709262][bookmark: OLE_LINK25]Figure 2 PUCCH and PUSCH multiplexing
3 Conclusion
In this contribution, we made following proposals regarding PUCCH resource allocation.
Proposal 1: The UE-specific DCI can include few bits to indicate PUCCH resource.
Proposal 2: When UCI is a HARQ-ACK, or aperiodic CSI report, choose a PUCCH resource by the last received DCI
Proposal 3: When UCI is periodic CSI report, or SR, the configured PUCCH resource is used.
Proposal 3: The minimum time granularity of frequency hopping for PUCCH and PUSCH should be same.
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