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1 Introduction
During RAN1 #AH1901 meeting, RAN1 made the following agreements and conclusion regarding HARQ enhancements for URLLC [1]: 

Agreements:

· For a R16 UE, at least two HARQ-ACK codebooks can be simultaneously constructed, intended for supporting different service types for a UE
· FFS more details (including procedures when applicable)
· FFS: How to identify a HARQ-ACK codebook 
· FFS applicability to semi-static HARQ-ACK codebook, or dynamic HARQ-ACK codebook, or both

· FFS more than 2

· FFS whether or not CBG configuration is supported for Rel-16 URLLC
In this document, we discuss potential enhancements of HARQ-ACK feedback for URLLC. In particular, details on provision of multiple HARQ-ACK feedback opportunities in a slot are discussed. This document is a resubmission of R1-1901318.  
2 Discussion
According to TS 38.213, if a UE detects a DCI format 1_0 or a DCI format 1_1 scheduling a PDSCH reception ending in slot 
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 or if the UE detects a DCI format 1_0 indicating a SPS PDSCH release through a PDCCH reception ending in slot 
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, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot 
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 is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format, if present, or provided by higher layer parameter dl-DataToUL-ACK. For DCI format 1_0, the PDSCH-to-HARQ-timing-indicator field values map to {1, 2, 3, 4, 5, 6, 7, 8}. For DCI format 1_1, if present, the PDSCH-to-HARQ-timing-indicator field values map to values for a set of number of slots provided by higher layer parameter dl-DataToUL-ACK. If the UE detects a DCI format 1_1 that does not include a PDSCH-to-HARQ-timing-indicator field and schedules a PDSCH reception or activates a SPS PDSCH reception ending in slot 
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, the UE provides  corresponding HARQ-ACK information in a PUCCH transmission within slot 
[image: image6.wmf]k
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 is provided by higher layer parameter dl-DataToUL-ACK.
In DCI formats 1_0 and 1_1, the PUCCH resource indicator field values map to values of a set of PUCCH resource indices provided by higher layer parameter ResourceList for PUCCH resources from a set of PUCCH resources provided by higher layer parameter PUCCH-ResourceSet with a maximum of eight PUCCH resources. For the set of PUCCH resources and when the size 
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 of higher layer parameter ResourceList is larger than eight, when a UE provides HARQ-ACK information in a PUCCH transmission in response to detecting a last DCI format 1_0 or DCI format 1_1 in a PDCCH reception, among DCI formats 1_0 or DCI formats 1_1 with a value of the PDSCH-to-HARQ_feedback timing indicator field indicating a same slot for the PUCCH transmission, the UE determines a PUCCH resource with index 
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where 
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 is a number of CCEs in control resource set 
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 of the PDCCH reception for the DCI format 1_0 or DCI format 1_1, 
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 is the index of a first CCE for the PDCCH reception, and 
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 is a value of the PUCCH resource indicator field in the DCI format 1_0 or DCI format 1_1. 
2.1 Configuration framework for multiple HARQ-ACK transmissions in a slot
Non-slot based scheduling and multiple HARQ-ACK feedback opportunities within a slot can reduce HARQ-ACK round trip time (RTT) for URLLC.  To enable multiple HARQ-ACK transmission opportunities within a slot, multiple time intervals can be configured in the slot as illustrated in Figure 1, and UE can perform at most one HARQ-ACK transmission in each time interval. In this case, a required completion time instance of a given (URLLC) HARQ-ACK transmission can be determined by an end of a time interval where the allocated PUCCH resource for the HARQ-ACK transmission is in. Alternatively, the required completion time instance of the (URLLC) HARQ-ACK transmission can be determined by an end of the PUCCH resource allocated for the (URLLC) HARQ-ACK transmission. With this mechanism, Rel-15 NR PUCCH resource configuration framework and slot-level HARQ-ACK timing indication can be reused. 
To differentiate URLLC HARQ-ACK feedback from normal HARQ-ACK feedback, gNB can indicate whether forced ending is enabled for a HARQ-ACK transmission or not via a PUCCH resource configuration or DL DCI. If forced ending is enabled, the HARQ-ACK transmission always ends no later the required completion time instance.   
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Figure 1 Exemplary configuration of multiple time intervals and PUCCH resources in a slot for multiple HARQ-ACK transmission within the slot
Observation 1: Rel-15 NR PUCCH resource configuration framework and slot-level HARQ-ACK feedback timing indication can be re-used for provision of multiple HARQ-ACK transmission opportunities in a slot. 

Proposal 1: To enable multiple HARQ-ACK transmission opportunities within a slot, Rel-16 NR supports configuring a UE with multiple time intervals in a slot, where the UE can perform at most one HARQ-ACK transmission in each time interval.

Proposal 2: Reuse the Rel-15 PUCCH resource configuration framework which indicates a starting symbol of a PUCCH resource within a slot and a PUCCH duration in terms of the number of symbols.
Proposal 3: Reuse the Rel-15 slot-level PDSCH-to-HARQ timing (K1) indication. 

Proposal 4: To differentiate URLLC HARQ-ACK feedback from normal HARQ-ACK feedback, gNB can indicate whether forced ending is enabled for a HARQ-ACK transmission or not via a PUCCH resource configuration or DL DCI.
2.2 Determination of multiple PUCCH resources for multiple HARQ-ACK transmissions in a slot
In Rel-15 NR, if multiple PDCCHs carrying DL DCI (i.e. PDSCH assignments) indicate a same slot for HARQ-ACK feedback, the UE first determines HARQ-ACK information to be multiplexed in a PUCCH resource in the slot according to timing conditions, determines a PUCCH resource set based on the number HARQ-ACK information bits to be multiplexed, and determines the PUCCH resource for HARQ-ACK feedback from the PUCCH resource set based on a PUCCH resource indicator (PRI) field in a last DL DCI format (e.g. DCI format 1_0 or DCI format 1_1), among the detected DL DCI formats that have a value of a PDSCH-to-HARQ feedback timing indicator field indicating the same slot for the PUCCH transmission. For PUCCH resource determination, the detected DCI formats are first indexed in an ascending order across serving cells indexes and are then indexed in an ascending order across PDCCH monitoring occasion indexes. 
With support of multiple HARQ-ACK transmissions in a slot, if multiple PDCCHs carrying DL DCI indicate a same slot for HARQ-ACK transmission(s) and timing conditions for multiplexing multiple HARQ-ACK information are met, a UE should determine whether to multiplex multiple HARQ-ACK information and replace a previously assigned PUCCH resource with a PUCCH resource assigned by a later received PDCCH, based on the indication of forced ending of HARQ-ACK transmission. For example, if the UE determines, based on the forced ending indication, that HARQ-ACK transmission associated with a first PUCCH resource for first HARQ-ACK information indicated by a first PDCCH should end no later than a first time instance in a slot and receives an indication of a second PUCCH resource for first and second HARQ-ACK information or only for the second HARQ-ACK information via a second PDCCH, wherein the second assigned PUCCH resource is also included in the slot and the second PDCCH is received later than the first PDCCH with satisfying the multiplexing timing conditions, the UE can perform the following:

· First, the UE determines the second PUCCH resource by assuming that the second PUCCH resource is for the first and second HARQ-ACK information and identifying a valid PUCCH resource set based on the payload size of the first and second HARQ-ACK information. 

· If the determined second PUCCH resource ends later than the first time instance, the UE re-determines the second PUCCH resource by assuming that the second PUCCH resource is only for the second HARQ-ACK information, and would transmit the first HARQ-ACK information in the first PUCCH resource and transmit the second HARQ-ACK information in the second PUCCH resource (and the first PUCCH resource does not overlap with the second PUCCH resource in time). Otherwise, the UE would multiplex the first and second HARQ-ACK information in the determined second PUCCH resource.
With Type-1 HARQ-ACK codebook (i.e. semi-static codebook) determination, the HARQ-ACK codebook size for a slot is determined according to the Rel-15 rule, and it is same for all HARQ-ACK transmissions within the slot. A PUCCH resource where the UE will transmit actual HARQ-ACK information (in response to reception of PDSCH) is determined based on forced ending indication, as described above. That is, the UE does not multiplex the first (actual) HARQ-ACK information with the second (actual) HARQ-ACK information in the second PUCCH resource, if transmission of the first (actual) HARQ-ACK information should end no later than the first time instance of the slot and the second PUCCH resource ends later than the first time instance. 
Proposal 5: Re-use the Rel-15 PUCCH resource determination method – i.e., selecting a PUCCH resource set based on the UCI payload size and using PRI (additionally, the number of CCEs for the CORESET where the PDCCH is received and the index of the first CCE for the received PDCCH).
Proposal 6: If multiple PDCCHs carrying DL DCI indicate a same slot for HARQ-ACK transmission(s) and timing conditions for multiplexing multiple HARQ-ACK information are met, a UE should determine whether to multiplex multiple HARQ-ACK information and use a PUCCH resource assigned by a later received PDCCH or not, based on timing comparison between a mandated transmission ending time (if indicated) of earlier HARQ-ACK information and an ending time of the PUCCH resource assigned by the later DCI.
3 Conclusion
In summary, we observe and propose the followings for HRAQ-ACK enhancements for URLLC:

Observation 1: Rel-15 NR PUCCH resource configuration framework and slot-level HARQ-ACK feedback timing indication can be re-used for provision of multiple HARQ-ACK transmission opportunities in a slot. 
Proposal 1: To enable multiple HARQ-ACK transmission opportunities within a slot, Rel-16 NR supports configuring a UE with multiple time intervals in a slot, where the UE can perform at most one HARQ-ACK transmission in each time interval.

Proposal 2: Reuse the Rel-15 PUCCH resource configuration framework which indicates a starting symbol of a PUCCH resource within a slot and a PUCCH duration in terms of the number of symbols.

Proposal 3: Reuse the Rel-15 slot-level PDSCH-to-HARQ timing (K1) indication. 

Proposal 4: To differentiate URLLC HARQ-ACK feedback from normal HARQ-ACK feedback, gNB can indicate whether forced ending is enabled for a HARQ-ACK transmission or not via a PUCCH resource configuration or DL DCI.

Proposal 5: Re-use the Rel-15 PUCCH resource determination method – i.e., selecting a PUCCH resource set based on the UCI payload size and using PRI (additionally, the number of CCEs for the CORESET where the PDCCH is received and the index of the first CCE for the received PDCCH).

Proposal 6: If multiple PDCCHs carrying DL DCI indicate a same slot for HARQ-ACK transmission(s) and timing conditions for multiplexing multiple HARQ-ACK information are met, a UE should determine whether to multiplex multiple HARQ-ACK information and use a PUCCH resource assigned by a later received PDCCH or not, based on timing comparison between a mandated transmission ending time (if indicated) of earlier HARQ-ACK information and an ending time of the PUCCH resource assigned by the later DCI.
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