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1 Introduction

In RAN1 NR Ad Hoc meeting [1], the following agreements related to UL control channel were achieved:
· 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):

· ‘Short UCI’ and data can be FDMed by one UE if a data is scheduled on the short UL-part.

· For a slot having long UL-part (i.e., UL-centric slot or UL-only slot), following are FFS:

· Whether/how a UL data in the long UL-part can be extended until the end of the slots.

· Whether/how a UL data can be scheduled on the short-duration.

· 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 the designs of UL control channel resource indication, including the indication of PUCCH type (e.g. short PUCCH or long PUCCH) and PUCCH resource index.
2 Discussion
2.1 Short or long PUCCH format indication

In RAN1#86bis, it was agreed that short PUCCH and long PUCCH are supported in NR. For short duration PUCCH, UE can transmit at the last 1 or 2 symbols in a slot to achieve fast ACK/NACK feedback for the downlink transmission [2]
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[3]. For long duration PUCCH, UE can transmit the UL control channel FDMed with UL data channel within a UL slot (e.g., UL-dominant slot or UL only slot) to achieve large coverage or large UCI payload size requirements. 

According to a UE’s requirements of latency, coverage and UCI payload size, two methods to indicate the duration of PUCCH can be considered:

Opt1: gNB indicate the duration of PUCCH to the UE semi-statically: For example, when the UE is at the cell edge or configured with carrier aggregation, long PUCCH transmission is configured to the UE through RRC signaling. 
Opt2: gNB indicate the duration of PUCCH to the UE dynamically in an implicit/explicit way: For the explicit way, one field in DCI can indicate the duration of PUCCH. For the implicit way, one example is the index of long & short duration PUCCH resources are jointly numbered, different resource index can relate to different duration of PUCCH.
Proposal 1: Two methods to indicate the short or long duration of PUCCH can be considered:


Opt1:  gNB indicates the duration of PUCCH to the UE semi-statically;

Opt2: gNB indicates the duration of PUCCH to the UE dynamically in an implicit/explicit way.
2.2 Multiplexing PUCCH for different UEs

For long PUCCH, it was agreed in RAN1#87 that PUCCH can be transmitted across multiple slots and a total duration of 1ms is allowed for some cases. When UCI with small payload size (e.g. 1bit) is transmitted on the long PUCCH with one or multiple slot duration, multiplexing PUCCH by CDM among multiple UEs should be supported to improve the resource efficiency. For large number of UEs, FDM should be also supported to provide sufficient resources. 
For short PUCCH, similar as long PUCCH, when the UCI with small payload size is transmitted, CDM could be used to achieve high resource utilization efficiency, especially when ZC-sequence is used as the RS for PUCCH. In addition, FDM should be also supported. At least for analog beamforming, TDM should be supported. 
Proposal 2: For long PUCCH, FDM and CDM of PUCCH for different UEs should be supported; for short PUCCH, FDM, TDM and CDM of PUCCH for different UEs should be supported.
2.3 Short and long PUCCH resource indication
In RAN1 NR Ad Hoc meeting, it was agreed that both 1-symbol and 2-symbol duration for short PUCCH are supported. The time domain position of short PUCCH should be in the end of a slot, e.g. 2-symbol short PUCCH is in the last two symbols of a slot and 1-symbol short PUCCH could be in the last symbol or the second last symbol of a slot. According to the timing of DL data reception and corresponding acknowledgement, the slot for short PUCCH transmission is known to a UE, so the time in the short PUCCH resource should include only symbol in a slot.
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 signalling. By combining the HARQ-ACK timing and the number of slots for long PUCCH transmission, a UE could get the time position of the long PUCCH resource.  
Proposal 3: For short PUCCH resource, the time in the PUCCH resource includes only symbol in a slot. For long PUCCH resource, when PUCCH is transmitted across multiple slots, the time in the PUCCH resource includes both slot and symbol.
In LTE, there are three methods to indicate the PUCCH resource index:

· Method-1: A combination of semi-static configuration and dynamic indication. 
For PUCCH format 3/4/5, a set of candidate PUCCH resources for one UE could be configured by RRC signalling, and HARQ-ACK resource indication (ARI) is used to indicate one of the configured PUCCH resource.

· Method-2: Implicit indication

For PUCCH format 1a/1b, the PUCCH resource can be implicitly derived from the corresponding PDCCH resource (e.g. the lowest CCE index) for PUCCH format 1a/1b.

· Method-3: A combination of implicit indication and dynamic indication
For PUCCH format 1a/1b, when the corresponding DL data transmission is scheduled by EPDCCH, in order to avoid PUCCH resource collisions caused by the local ECCE indexing, a combination of implicit resource determination and explicit signalling, i.e. HARQ-ACK resource offset (ARO), is introduced. 
In NR, apart from the above three methods, dynamic indication may be another option. However, such indication may contain time/frequency/code division parameters, which would result in too much overhead to the DCI. To reduce the overhead of indication, method-1 could be considered and it has been already agreed in RAN1#87, and the same method with LTE for PUCCH format 3/4/5 could be reused for certain types of PUCCH format, such as PUCCH carry relatively large payload. However, since the candidate PUCCH resources are semi-statically configured per UE, when the number of UEs in the cell is too many, lots of reserved PUCCH resources are needed at gNB. Therefore, method-1 is inefficient on PUCCH resource utilization (e.g. bandwidth fragmentation). 

Implicit resource allocation could minimize the UL overhead as dedicated PUCCH resources do not need to be reserved for each UE, and the number of reserved resources in each slot can be adapted according to the number of scheduled UEs [4][5] . To improve the efficiency of PUCCH resource allocation, the following proposal is given.
Proposal 4: At least for certain types of PUCCH, the PUCCH resource index could be partly determined implicitly.
In NR, it has been agreed that both same-slot and cross-slot scheduling are supported, and timing relationship between DL data reception and corresponding acknowledgement can be semi-statically indicated and/or dynamically indicated. Therefore, as depicted in Figure 1, multiple UEs could be scheduled in different slots by the same DL control resources and transmit HARQ ACK/NACK in the same slot, leading to PUCCH resources collision. Consequently, method-2 may not work in NR. Method-3 could be considered to avoid the collisions. 
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Figure 1 UL control channel resource collision
For the indication of symbol location of short PUCCH in a slot, two methods could be considered:
Opt1: gNB indicate the symbol location of PUCCH to the UE semi-statically.
Opt2: gNB indicate the symbol location of PUCCH to the UE dynamically in an implicit or explicit way. 

For the explicit way, DCI can indicate the symbol location of PUCCH, such as, one field in DCI can indicate the index information of PUCCH symbol location, which would increase the DCI payload size. For beam-based transmission, implicit indication could be considered. , As illustrated in Figure 2, 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 have no channel reciprocity, how to derive the time-domain position of PUCCH for a UE should be studied, and we should strive for a unified design for the cases of channel reciprocity and no channel reciprocity.
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Figure 2 Time-domain position of UL control channel 
As discussed above, the PUCCH resource could be implicitly derived from parameters associated with beam related and DL control channel related information. To avoid PUCCH resource collisions, an offset could be indicated by explicit indication such as DCI. 
Proposal 5: For PUCCH resource determination, a combination of implicit indication and dynamic indication (e.g. HARQ-ACK resource offset) should be supported. 
3 Conclusion
In this contribution, possible approaches of indicating PUCCH resource index are discussed. Based on the discussions, we have the following proposals.
Proposal 1: Two methods to indicate the short or long duration of PUCCH can be considered:

Opt1:  gNB indicates the duration of PUCCH to the UE semi-statically;


Opt2: gNB indicates the duration of PUCCH to the UE dynamically in an implicit/explicit way.

Proposal 2: For long PUCCH, FDM and CDM of PUCCH for different UEs should be supported; for short PUCCH, FDM, TDM and CDM of PUCCH for different UEs should be supported.
Proposal 3: For short PUCCH resource, the time in the PUCCH resource includes only symbol in a slot. For long PUCCH resource, when PUCCH is transmitted across multiple slots, the time in the PUCCH resource includes both slot and symbol.
Proposal 4: At least for certain types of PUCCH, the PUCCH resource index could be partly determined implicitly.
Proposal 5: For PUCCH resource determination, a combination of implicit indication and dynamic indication (e.g. HARQ-ACK resource offset) should be supported. 
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