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Introduction
In RAN#83, new WIs eURLLC and IIoT have been approved based on the corresponding SIs [1,2]. The objective includes:
· Support more than one PUCCH for HARQ-ACK transmission within a slot
· Support at least two HARQ-ACK codebooks simultaneously constructed, intended for supporting different service types for a UE
· The handling of UL data/control and control/control resource collision
In this contribution, we will discuss UCI enhancement from two aspect. The first one is the enhancement on HARQ-ACK feedback. The other one is collision handling of UL data/control and control/control resource. In previous RAN1 meetings, the following agreement related to UCI enhancement for URLLC was made [5-7]:
	Agreements
· Rules for the two HARQ-ACK codebooks for supporting different service types should be specified in R16 if the two HARQ-ACK codebooks are due to transmit in resources overlapping in time
· FFS details, e.g., multiplexing and/or prioritizing or parallel Tx 
· When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, a HARQ-ACK codebook can be identified based on some PHY indications/properties. 
· FFS in potential WI the details of the PHY identification
Agreement
For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, support sub-slot-based HARQ-ACK feedback procedure.
· A UL slot consists of a number of sub-slots. No more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot.
· PDSCH transmission is not subject to sub-slot restrictions (if any)
· FFS: PDSCH-to-sub-slot association. 
· FFS: Allowing PUCCH across sub-slot boundary or not.
· R15 HARQ-codebook construction is applied in unit of sub-slot at least for Type II HARQ-ACK codebook. 
· FFS for Type I HARQ-ACK codebook.
· R15 PUCCH resource overriding procedures is applied in unit of sub-slot.
· Number or length of UL sub-slots in a slot is UE-specifically semi-statically configured.
· FFS: Limit of number of PUCCH transmissions carrying HARQ-ACKs in a slot.
· FFS: K1 definition.
· FFS: Details of PUCCH resource configuration and determination.
FFS: Use “Codebook-less HARQ” as a complementary or not.
FFS: If HARQ-ACK can be omitted in case latency requirement cannot be met. 
FFS: PDSCH groupings and PHY identification for separate HARQ-ACK constructions for different service types.

Agreement
For supporting multiple PUCCHs for HARQ-ACK within a slot for constructing HARQ-ACK codebook, K1 is defined following R15 approach but in unit of sub-slot.

Agreement
When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, for both Type I (if supported) and Type II HARQ-ACK codebooks (if supported), and for dynamically-scheduled PDSCH, down-select from below for the PHY identification for identifying a HARQ-ACK codebook:
· Opt.1: By DCI format
· Opt.2: By RNTI
· Opt.3: By explicit indication in DCI (FFS: new field or reuse existing field)
· Opt.4: By CORESET/search space 
· FFS additional option(s) for Type I HARQ-ACK codebook
FFS: For SPS PDSCH (including SPS release PDCCH)



On the basis the agreement, we provide our views on UCI enhancements for URLLC. 

HARQ-ACK feedback Enhancement
PHY Identification of HARQ-ACK codebooks
In the previous RAN1 meeting, four options are provided for the PHY Identification of both Type I and Type II HARQ-ACK codebooks, which are listed as follows: 
· Opt.1 DCI format
· Opt.2 RNTI
· Opt.3 Explicit indication in DCI
· Opt.4 CORESET/Search space 
For the purpose of down-selection:
Opt.1 is not preferable since it is highly related to the discussion in PDCCH enhancement section. If Opt.1 is adopted, it somehow implies that DCI format can be used to distinguish URLLC/eMBB service and a new DCI format (e.g. 0_2, 1_2) is mandated.
Opt.4 is not preferable. It was previously agreed that CORESET can be used for distinguishing the HARQ-ACK codebooks from different TRPs. Also, the total number of CORESET in a BWP needs to be increased accordingly (4, 5 or 6). If Opt.4 is adopted, for the case of URLLC transmission over multiple TRPs, the total number of CORESET in a BWP needs to be further increased, which is not preferable from the perspective of complexity.
Both Opt.2 and Opt.3 are preferable. For Opt.2, it is similar to the introduction of MCS-C-RNTI in Rel-15. If adopted, the relation between the RNTI for HARQ-ACK codebook separation and MCS-C-RNTI can be further discussed. For Opt.3, it is the most flexible way to distinguish different HARQ-ACK codebook. For example, if priority indication field is introduced in DCI, it can be reused for identifying HARQ-ACK codebook.
Proposal 1: In terms of PHY identification of HARQ-ACK codebooks, support option 2 (RNTI) or option 3 (Explicit indication in DCI).

PUCCH resource configuration and determination 
As different HARQ-ACK codebook can be identified in PHY layer, a follow-up issue is on the PUCCH resource for carrying the corresponding HARQ-ACK message. In general, there are two options. 
One option is that the HARQ-ACK PUCCH resource for different HARQ-ACK codebook (service type) share the same PUCCH resource (setting) pool. The benefit of this option is that there is less impact on the current RRC signalling for PUCCH resource configuration. However, it may result in an increasing number of the required PUCCH resource. This is because there may be a difference between the duration/payload size of slot-based PUCCH resource for eMBB and sub-slot based PUCCH resource for URLLC. Consequently, as the number of candidate PUCCH resource in the pool increases, the bitwidth of PUCCH resource indicator field in a DCI need to be expanded accordingly, which is not intended from the perspective of reliability.
The other option is to configure PUCCH resources separately for different HARQ-ACK codebook (service type). Since PHY layer can identify different HARQ-ACK codebook, it is easy to map a HARQ-ACK codebook to its corresponding PUCCH resources. For eMBB HARQ-ACK codebook and the corresponding PUCCH resources, Rel-15 mechanism can be simply reused. For URLLC HARQ-ACK codebook and the corresponding PUCCH resources, sub-slot based mechanism can be applied. Since the time duration and payload size of PUCCH resource for URLLC is usually smaller than eMBB, the number of candidate PUCCH resources in the pool for URLLC can be reduced. This means a smaller size of PUCCH resource indicator field for URLLC is possible.
Proposal 2: Support separate PUCCH resource configurations for different HARQ-ACK codebook (service type).

Collision handling of UL data/control and control/control resource 
The collision handling of different HARQ-ACK codebooks
In the previous RAN1 meeting, it was agreed that no more than one transmitted PUCCH carrying HARQ-ACKs starts in a sub-slot [5]. Due to the stringent requirement of URLLC service, it is very likely that the PUCCH resources for carrying A/N information from different HARQ codebooks collide in time domain. Hence, a mechanism is necessary to deal with the collision. 
According to the limitation of PUCCH transmission mentioned above, there are in general two methods for handling the collision:
· Alt-1. Only transmit the A/N information from one HARQ codebook in one PUCCH resource (and drop the A/N information from other codebooks)
· Alt-2. Multiplex A/N information from different HARQ codebooks in one PUCCH transmission (with condition)
The idea behind Alt-1 is that UE only transmit the A/N information from the HARQ codebook with the highest priority. This alternative is straight forward and it can guarantee the reliability of the A/N information for the most important DL data transmission. However, dropping the A/N information from other codebook(s) is not always necessary. For some cases, even if the A/N information from different codebook(s) is multiplexed, the reliability requirement for URLLC can be reached (e.g. multiplexed code rate does not exceed the maximum allowable code rate for URLLC). 
In comparison with Alt-1, Alt-2 is more preferable since it can guarantee the reliability of high priority service with the less impact on the other services. For this method, A/N information from different codebooks can be dropped according to certain condition (e.g. multiplexed code rate). The detail of the condition can be further discussed.
Proposal 3: In terms of the collision handling of different HARQ-ACK codebooks,
· Support to multiplex ACK/NACK information from different HARQ-ACK codebooks with certain condition.
· FFS: the detail of the condition

The collision handling of UCI piggyback on PUSCH with different priorities
UCI piggyback decreases the REs for UL-SCH data and has a negative impact on its reliability. Compared to eMBB type UL-SCH data, the impact gets larger for URLLC type UL-SCH data due to limited times of potential retransmission. In Rel-15, beta_offset is used to control the occupied REs by UCI piggyback, the lowest value of beta_offset is 1.0. To prioritize PUSCH for URLLC in the case of overlapping between eMBB PUCCH and URLLC PUSCH, the beta_offset value of 0.0 should be considered to enable dropping of UCI. 
Occupied REs by UCI piggyback should be adaptively adjusted depending on the type of data to support URLLC and eMBB simultaneously from the UE perspective. As shown in [4], with small UCI size and beta-offset, BLER of 10^-5 can be achieved by one-shot transmission without significant increase of required SNR. As the UCI size and beta-offset increase, the BLER performance of UL-SCH degrade. In fact, for the low SNR region, a large beta-offset is needed to guarantee the reliability of UCI. That causes very large negative impact on the reliability of PUSCH. It is reasonable to use different range of beta_offset values for URLLC and eMBB data. 
In case of both PUCCHs for URLLC UCI and eMBB UCI overlapped with a same PUSCH, it is straightforward to follow the similar principle as in section 2.2, i.e. to drop/puncture the low priority UCI/data if the number of REs is insufficient to transmit all the UCI/data. By defining a maximum number of REs/ratio occupied by UCI, UE can decide when to drop/puncture based on the priorities of UCI/data. In Rel-15, a higher layer parameter is introduced to configure the upper limit of occupied REs/ratio for each type of UCI. A new parameter on upper limit of occupied REs/ratio by all UCIs can be introduced as a threshold for UE to decide when to drop low priority UCI.
Proposal 4: Enable dropping of corresponding UCI from PUSCH by allowing beta_offset = 0.0.
Proposal 5: Support separate RRC configurations of beta_offset for PUSCHs with low/high priority data, respectively.
Proposal 6: UE can decide whether or not to drop low priority UCI based on the configuration on maximum number of REs which can be occupied by UCI when PUCCHs with low/high priority UCIs overlap with a PUSCH.

Conclusions
In this contribution, we discussed the UCI enhancement for URLLC and the corresponding proposals are listed as follows.
Proposal 1: In terms of PHY identification of HARQ-ACK codebooks, support option 2 (RNTI) or option 3 (Explicit indication in DCI).
Proposal 2: Support separate PUCCH resource configurations for different HARQ-ACK codebook (service type).
Proposal 3: In terms of the collision handling of different HARQ-ACK codebooks,
· Support to multiplex ACK/NACK information from different HARQ-ACK codebooks with certain condition.
· FFS: the detail of the condition
Proposal 4: Enable dropping of corresponding UCI from PUSCH by allowing beta_offset = 0.0.
Proposal 5: Support separate RRC configurations of beta_offset for PUSCHs with low/high priority data, respectively.
Proposal 6: UE can decide whether or not to drop low priority UCI based on configuration on maximum number of REs which can be occupied by UCI when PUCCHs with low/high priority UCIs overlap with a PUSCH.
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