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1 Introduction
In RAN1#90bis meeting, the following agreements for PUCCH resource allocation were made.
· For both slot-based and non-slot based DL transmissions, and for identifying PUCCH resource for HARQ-ACK with more than 2-bit UCI, at least following parameters can be jointly configured in one or multiple set(s) (if supported) of PUCCH resource(s) and indicated by the PUCCH resource indicator in DCI: 
· Starting symbol in the slot;
· Number of symbols;
· FFS: If only a single configurable value for long PUCCH in the set of PUCCH resource(s).
· FFS: It is configured for one for multiple PUCCH formats.
· Starting PRB;
· FFS granularity: PRB, RBG, or subband.
· FFS: Number of PRBs.
· FFS: Code resources.
· Only a limited number of values is configurable for each parameter in the set of PUCCH resource(s). 
· FFS: Configurable values.
· FFS: Some of above parameters can be partly implicitly derived.
· FFS: Possible joint encoding for some of above parameters.
In RAN1#91meeting, it is agreed to use 3-bit to indicate HARQ-ACK slot-timing (K1) in DCI.
In RAN1#92 meeting, the following agreements for PUCCH resource allocation were made.
· 3-bit ARI for DCI 1_0 and DCI 1_1

· At least 8 (up to 32) PUCCH resources can be configured in a resource set with [image: image1.wmf]2
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· CCE-index-based implicit mapping is additionally used when >8 resources are configured.

· Note: Increasing RRC value range from 8 to 32
· 8 PUCCH resources are configured in a resource set with [image: image2.wmf]2

>

UCI

N

.

· No implicit mapping

· Note: Changing RAN1#91 agreement.
In this contribution, we discuss the remaining issue of PUCCH resource allocation for non-slot based scheduling [1].
2 PUCCH resource allocation for non-slot scheduling
According to the agreements, the starting slot of PUCCH transmitting HARQ-ACK is indicated by DCI as K1. The time and frequency position within the indicated slot can be configured in one set of PUCCH resource(s) and indicated by the PUCCH resource indicator in DCI. Each PUCCH resource allocation includes at least following parameters: starting symbol in the slot, number of symbols, starting PRB, the cyclic shift index.
2.1 PUCCH resource allocation issue for non-slot scheduling
For URLLC, the reliability requirement is 99.999% for PDSCH. HARQ retransmission is one way to achieve high reliability if there is sufficient delay budget. The more retransmission happens, the higher reliability can be achieved. On the other hand, 1ms user plane latency is required in URLLC. Therefore, HARQ-ACK feedback needs to be conveyed as soon as possible to ensure more retransmission within 1ms.
According to the agreement in the RAN1 Adhoc 1801 meeting, the starting symbol of PDSCH mapping type B can be any position within a slot, and length of the PDSCH can be 2, 4, or 7 symbols. Then the ending symbol of PDSCH can be in any position within a slot except the first symbol. To ensure the fast HARQ-ACK feedback, the starting symbol of candidate PUCCH resource should cover as many positions as possible.

Assume that there are 7 candidates for starting symbol of PUCCH resource, which is most likely to be used for 2-symbol based PDSCH scheduling. If PUCCH resources with same starting symbol has two PUCCH lengths, two the cyclic shift indexes and two different frequency positions, the total number of PUCCH resources would be not smaller than 7*2*2*2=56, exceeding the 3-bit ARI capability (up to 32). 
Observation 1：Current design of 3-bit ARI mapping is insufficient to support fast HARQ-ACK feedback for non-slot based URLLC via allocating multiple PUCCH starting symbol positions.
2.2 PUCCH resource allocation issue for compact DCI

Compact DCI with payload size smaller than normal DCI would be introduced for URLLC, as compacting the fields of a normal DCI is an efficient way to improve PDCCH reliability. Here we analyse the fields of 3-bit PDSCH-to-HARQ_feedback timing indicator and 3-bit ARI in normal DCI, which is related to PUCCH resource allocation.
For URLLC, a fast HARQ RTT is preferred, so most companies preferred to reduce or remove the 3-bit PDSCH-to-HARQ_feedback timing indicator from DCI. If this field is removed entirely, predefined value or RRC-configured value are proposed for the K1 value. But considering the flexible PDSCH position, the slot-timing can hardly be fixed to one value. The problem will be more serious in TDD mode. For PUCCH resource indicator, some companies preferred to keep 1~2bits ARI bits.
In our view, 6 bits for PUCCH resource allocation is not necessary. It can be designed with fewer number of bits while keep the flexibility for PUCCH, considering the specific low latency perspective in URLLC. Detailed analysis is provided in the next subsection.
2.3 PUCCH resource allocation solution for non-slot scheduling
In current PUCCH resource allocation design, two separate fields in DCI are used to indicate the PUCCH resource. As discussed in sector 2.1, HARQ-ACK needs to be conveyed as soon as possible to guarantee both the low latency and high reliability for URLLC UE. Thus in most cases, the HARQ-ACK feedback should be transmitted in the same slot or the following slot relative to the slot transmitting PDSCH. To reduce the DCI overhead, the slot index and starting symbol index of PUCCH resource can be jointly indicated to UE. 
According to 38.214, UE with PDSCH processing capability 1 can only provide a valid HARQ-ACK message on PUCCH resource starting no earlier than symbol L1, where L1 is defined as the next uplink symbol with its CP starting [image: image3.wmf](
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 after the end of the last symbol of the PDSCH carrying the TB being acknowledged. Then for URLLC UE, the earliest PUCCH resource starting no earlier than symbol L1 can always be used, where the PUCCH resource is chosen from the PUCCH resource set configured by gNB.
In the example as given in Figure 1, among all the PUCCH resources from the set of PUCCH resources configured by gNB, there are 3 candidates for starting symbol index of PUCCH resource within one slot. The symbol L1 can be decided by the last symbol of PDSCH and UE’s PDSCH processing capability. As the HARQ-ACK should be transmitted as fast as possible, the PUCCH resources with the earliest starting symbol which is no earlier than the symbol L1 can be chosen. Then the slot for transmitting HARQ-ACK and the starting symbol index of PUCCH resource can be jointly decided.
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Figure 1 PUCCH resource implicit mapping for non-slot based scheduling
In TDD mode, DL/UL configuration should also be taken in to account as HARQ-ACK cannot be transmitted on DL symbols.
Proposal 1: To reduce the DCI overhead, HARQ-ACK slot-timing field can be removed. The slot index and starting symbol index of PUCCH resource can be jointly indicated to UE.
Proposal 2: Within the configured PUCCH resource set, the earliest PUCCH resource can be chosen to transmit HARQ-ACK based on UE’s PDSCH processing capability.
Within the PUCCH resource group with the selected starting symbol, ARI bit can be used to indicate the exact PUCCH resource. To further reduce the DCI overhead, other implicit mapping method, such as CCE-index-based method, can still be used.
3 Conclusion
In this contribution, we discuss the PUCCH resource allocation issue for non-slot scheduling based on compact DCI. We have the following observation and proposals.
Observation 1：Current design of 3-bit ARI mapping is insufficient to support fast HARQ-ACK feedback for non-slot based URLLC via allocating multiple PUCCH starting symbol positions.
Proposal 1: To reduce the DCI overhead, HARQ-ACK slot-timing field can be removed. The slot index and starting symbol index of PUCCH resource can be jointly indicated to UE.

Proposal 2: Within the configured PUCCH resource set, the earliest PUCCH resource can be chosen to transmit HARQ-ACK based on UE’s PDSCH processing capability.
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