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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the RAN1#87 meeting, the following agreements related to uplink control channel were achieved [1]:
Agreements:
· 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)
In the RAN1#88 meeting [2], the following agreements and conclusion related to resource allocation for PUCCH were achieved:
Agreements:
· [bookmark: OLE_LINK10][bookmark: OLE_LINK11]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
Conclusion:
· To determine the time resource for long duration PUCCH in a slot, study further
· Option 1: explicit and dynamic indication
· Option 2: explicit semi-static configuration
· Option 3: implicit determination
· Or a combination thereof
In the RAN1#89 meeting [3], the following agreements related to uplink control channel were achieved:
Agreements:
· Long duration NR-PUCCH for up to 2 bits in a given slot is composed as the followings:
· HARQ ACK by BPSK or QPSK modulation is repeated in time domain and multiplied with sequence(s)
· FFS: pi/2 BPSK usage
· Two states SR is based on on-off-keying
· Time domain OCC can be applied over multiple UCI/DMRS symbols per frequency hop
In the RAN1 #AH1-NR meeting [4], the following agreement related to SR was achieved:
Agreement: 
· Time interval between SR resources configured for a UE can be smaller than a slot.
In the RAN2#98 meeting [5], the following agreements related to SR were achieved：
Agreements:
· Multiple SR configurations can be configured to the UE and which SR configuration is used depends on the LCH that triggers the SR.  The granularity of SR configuration for a logical channel is FFS.
· From RAN2 point of view a single bit SR with multiple SR configuration is sufficient to distinguish the “numerology/TTI length” of the logical channel that trigger the SR.  RAN2 has not identified other use cases for which multibit SR is need with sufficient support.
· RAN2 does not see the need to convey buffer status information.
· Send LS to RAN1 to indicate to RAN1 that RAN2 doesn’t see the need to support multi-bit SR.
In the RAN2#97bis meeting [6], the following agreements related to SR were achieved:
Agreements:
· The SR should at least distinguish the “numerology/TTI type” of the logical channel that triggered the SR (how this is done is FFS).   
In NR, since PUCCH is designed for many UCI types, PUCCH resource allocation needs to be discussed based on the UCI type. This contribution mainly discusses the resource allocation for HARQ-ACK and SR. Resource allocation for CSI is discussed in our companion contribution [7].
Discussion 
Resource allocation for HARQ-ACK 
For HARQ-ACK in LTE, the time domain PUCCH resource is fixed and UE just needs to determine the frequency and/or code domain PUCCH resource according to a PUCCH resource determination rule. As to NR-PUCCH for HARQ-ACK, there are several candidates for the duration in time domain for both short duration PUCCH and long duration PUCCH. Therefore, NR-PUCCH resource allocation involves time domain also. The time domain resource for NR-PUCCH can be indicated separately or jointly with frequency and/or code domain resource as discussion below.
Option 1: Indicating time domain resource separately with frequency and/or code domain resource   
Indication of time domain resource 
With short duration PUCCH, UE can transmit 1 or 2 symbols in a slot for fast ACK/NACK feedback. For long duration PUCCH, UE can transmit the UL control channel FDMed with UL data channel within a UL slot (e.g., UL-centric slot or UL only slot) to achieve large coverage or large UCI payload size requirements. The long duration PUCCH could be 4 to 14 symbols in a slot. According to the requirements of latency, coverage and UCI payload size, three alternatives to indicate the symbol(s) for PUCCH transmission can be considered:
· Alt. 1-1: explicit and semi-static configuration 
The gNB indicates the number of symbols and starting symbol index of PUCCH to the UE semi-statically through RRC signaling. When the UE is at the cell edge or configured with carrier aggregation, long PUCCH transmission and the duration of long PUCCH for different slot types are configured to the UE, e.g. the configuration is seven symbols for UL-only slot and the last four symbols for UL-centric slot. When the UE is at the cell center and has low latency requirement, short PUCCH transmission and the duration of short PUCCH are configured to the UE, e.g. the last symbol of bi-directional slot (including DL-centric and UL-centric slot) and UL-only slot is configured for a UE as short duration PUCCH.
· Alt. 1-2: explicit and dynamic indication
The gNB indicates the time domain location of PUCCH to the UE dynamically. One field in DCI can indicate the symbol(s) for PUCCH transmission, e.g. indicate the duration and/or the starting symbol index of PUCCH.
· Alt. 1-3: combination of semi-static and dynamic indication
A set of symbols (e.g. 1, 2, 4 and 14) can be configured to the UE by high layer, then the number of symbols for PUCCH transmission can be further indicated by DCI among the configured set, in this way, the starting or ending symbol index should be predefined. Alternatively, a set of symbol patterns of PUCCH could be configured to UE by high layer, which includes the positions of PUCCH symbols in a slot, then one of them will be indicated by DCI among this configured set by high layer. 
Alt. 1-1 to Alt.1-3 discuss the symbol(s) for PUCCH transmission. For short PUCCH, according to the timing of DL data reception and corresponding acknowledgement, the slot for short PUCCH transmission is known to a UE, so for short duration PUCCH, the time domain PUCCH resource only involves symbol(s) for PUCCH transmission in a slot. 
However, for long duration PUCCH, the time domain PUCCH resource also involves the slot(s) besides symbol(s). In RAN1#87, it was agreed that transmission of long PUCCH across multiple slots is allowed for some cases. Multiple consecutive slots could be chosen for PUCCH transmission, and the number of slots should be indicated to the UE, such as semi-statically configured by RRC signaling and/or dynamically indicated by DCI. The slot(s) indication can be combined with the symbol(s) indication also. For example, the indication methods described in above three alternatives are mainly to indicate the number of symbols in a slot. Then combined with the slot(s) indication, UE could determine the time domain PUCCH resource.
· Alt. 1-4: Implicit indication
For beam-based transmission, implicit indication could be considered. As illustrated in Figure 1, TRP may receive PUCCH in different symbols with different beam directions. For the case that the TRP and UE have channel reciprocity, the UL transmission beam pair can be inferred from the acquired DL transmission beam pair. Therefore, if the TRP receiving beam pattern, such as the relationship between symbol index and receiving beam index, is known at UE side, the time-domain position of PUCCH could be implicitly derived from the DL transmission beam pair. However, for the case that the TRP and UE having no channel reciprocity, how to derive the time-domain position of PUCCH for a UE should be studied. We should strive for a unified design for the cases with and without channel reciprocity.
[image: ]
[bookmark: _Ref469928044]Figure 1 Example of time-domain position determination for UL control channel in case of beam-based transmission 

For Alt. 1-2 and Alt.1-3, the PUCCH time resource could be dynamically changed which is beneficial for adaptation of traffic requirement and channel state variation. Therefore, Alt.1-2 and Alt.1-3 are preferred compared to Alt. 1-1. In addition, for NR-PUCCH supporting beam-based transmission, implicit indication can be considered also.
Indication of frequency and/or code domain resource 
In the RAN1#88 meeting, it was agreed that a set of PUCCH resources could be configured by higher layer signaling, and DCI could further indicate one from the resource set for HARQ-ACK. In this way, the frequency and/or code domain resources can be indicated by a field in DCI, which is a separate field from the field to indicate the symbol(s) for the NR-PUCCH. 
However, implicit indication may be also needed at least in some scenarios. For example, for the HARQ-ACK resource for Msg. 4 during random access procedure, implicit indication could be considered also.
In addition, fragment issue of PUCCH resource needs to be considered also, especially for the short PUCCH. When several UEs need to transmit UCI information, regardless of combination of semi-static configuration and dynamic indication, or only implicit indication way, it cannot guarantee all UEs to use the contiguous PUCCH resource, which will reduce the multiplexing efficiency between PUSCH and PUCCH. This issue should be taken into account when design solutions for indication of frequency and/or code domain resource. 
Option 2: Indicating time domain resource jointly with frequency and/or code domain resource 
The following alternatives can be considered for indicating time resource jointly with frequency and/or code domain resources: 
· Alt. 2-1: combination of semi-static and dynamic indication
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]In the RAN1#88 meeting, it was agreed that a set of PUCCH resources could be configured by higher layer signaling, and DCI could further indicate one from the resource set for HARQ-ACK. In this way, the configured PUCCH resource set could include both PUCCH resource corresponding to long duration PUCCH and PUCCH resource corresponding to short duration PUCCH. In addition, even for short duration, different PUCCH resources can correspond to different number of symbols, e.g. one PUCCH resource corresponding to 1 symbol and another PUCCH resource corresponding to 2 symbols. In this way, the PUCCH duration can be changed dynamically according to the HARQ-ACK payload size, the latency requirements and/or the coverage requirement.  
· Alt. 2-2: Implicit indication
Implicit indication may be also needed at least in some scenarios. For example, as discussed in Alt. 1-4, implicit indication may be considered for NR-PUCCH supporting beam based transmission. In this case, the PUCCH resource could be implicitly derived from parameters associated with beam related and DL control channel related information for beam-based PUCCH transmission. To avoid PUCCH resource collisions, an offset could be indicated by explicit indication such as DCI. In another case, for the HARQ-ACK resource for Msg. 4 during random access procedure, implicit indication could be considered also. 
Compared to option 2, option 1 can provide more flexibility on the indication of symbol(s) for NR-PUCCH, but it may require more bits in DCI in terms of explicit indication. Option 2 may require fewer bits in DCI but it provides less flexibility. Therefore, both option 1 and option 2 can be further studied. 
Proposal 1: The following two options can be considered for resource allocation for PUCCH HARQ-ACK:
· Option 1: Indicating time domain resource separately with frequency and/or code domain resource
· One field in DCI can indicate the symbol(s) for PUCCH transmission for explicit indication 
· The time-domain position of PUCCH could be implicitly derived from the DL transmission beam pair in case of PUCCH supporting beam based transmission 
· Option 2: Indicating time domain resource jointly with frequency and/or code domain resource
· different PUCCH resources within the PUCCH resource set configured by higher layer can correspond to different number of symbols
Resource allocation for SR
In LTE, UE is allocated with a dedicated SR resource by semi-static configuration. The resource is determined by parameters sr-ConfigIndexes in time domain and sr-PUCCH-ResourceIndexes in frequency domain, and the sr-ConfigIndexes determines SR period and SR position in the period. The eNB could receive UE SR by on-off design in the dedicated SR resource.
In NR, by current RAN2 agreement on SR, in order to distinguish the “numerology/TTI type” of the logical channel that triggered the SR, multiple SR configurations can be configured to a UE and which SR configuration is used depends on the LCH that triggers the SR. In RAN1, these multiple SR configurations could provide multiple resources in time domain, or in frequency domain, or both domains. Further considering that time interval of SR could be smaller than a slot, different time intervals may need to be defined per different SR configurations.  Semi-static resource allocation for NR SR could be maintained.
[bookmark: _Ref129681832]Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]The contribution mainly discusses PUCCH design, including the PUCCH resource determination for HARQ-ACK and SR. Based on the discussions, we have the following proposals.
Proposal 1: The following two options can be considered for resource allocation for PUCCH HARQ-ACK:
· Option 1: Indicating time domain resource separately with frequency and/or code domain resource
· One field in DCI can indicate the symbol(s) for PUCCH transmission for explicit indication 
· The time-domain position of PUCCH could be implicitly derived from the DL transmission beam pair in case of PUCCH supporting beam based transmission 
· Option 2: Indicating time domain resource jointly with frequency and/or code domain resource
· different PUCCH resources within the PUCCH resource set configured by higher layer can correspond to different number of symbols
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