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Introduction
In RAN #88e, the WID on enhanced IoT and URLLC support for NR was agreed with following RAN1 objectives:
1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 
2. [bookmark: _Hlk26864288]Uplink enhancements for URLLC in unlicensed controlled environments [RAN1, RAN2]:
a.  Specify support for UE-initiated COT for FBE with minimum specification effort
b.  Harmonizing UL configured-grant enhancements in NR-U and URLLC introduced in Rel-16 to be applicable for unlicensed spectrum
3. Intra-UE multiplexing and prioritization of traffic with different priority based on work done in Rel.16 [RAN1]:
a. Specify multiplexing behavior among HARQ-ACK/SR/CSI and PUSCH for traffic with different priorities, including the cases with UCI on PUCCH and UCI on PUSCH. 
b. Specify PHY prioritization of overlapping dynamic grant PUSCH and configured grant PUSCH of different PHY priorities on a BWP of a serving cell including the related cancelation behavior for the PUSCH of lower PHY priority, taking the solution developed during Rel-16 as the baseline 
In this contribution, we show our views on the HARQ-ACK enhancements for Rel-17 IoT and URLLC.
Discussion
Sub-slot Based Type-1 HARQ-ACK Codebook
In Rel-15, two kinds of HARQ-ACK codebooks are supported, i.e. type-1 codebook and type-2 codebook. The payload of type-1 codebook is semi-statically determined based on RRC signaling and the payload of type-2 codebook is dynamically determined based on PDSCH scheduling. The advantages of type-1 codebook include lower DCI overhead and no ambiguity on the size of codebook caused by DL grant missing, and the advantage of type-2 codebook is lower UCI overhead. 
In Rel-16 URLLC, sub-slot based HARQ-ACK feedback is supported to reduce the HARQ-ACK feedback delay. However, only type-2 codebook can be configured with sub-slot PUCCH. With lower UCI payload, higher reliability of PUCCH transmission can be expected for sub-slot based type-2 codebook. However, in case of we have more concern about the impact on reliability caused by PDCCH reception, the reliability of HARQ-ACK feedback transmitted by type-1 codebook may be higher than type-2 codebook. Furthermore, if sub-slot based type-1 codebook is supported, the payload of type-1 codebook can be optimized based on the proper configuration of K1 to guarantee the reliability of PUCCH transmission.
Observation 1: In case of we have more concern about the impact on reliability caused by PDCCH reception, the reliability of HARQ-ACK feedback transmitted by type-1 codebook may be higher than type-2 codebook.
Observation 2: The payload of type-1 codebook can be optimized based on the proper configuration of K1 to guarantee the reliability of PUCCH transmission.
Proposal 1: Sub-slot based type-1 HARQ-ACK codebook should be supported in Rel-17.
To support sub-slot based type-1 codebook, K1 should be defined following Rel-15 approach but in unit of sub-slot, then a slight modification for determining the PDSCH occasion is needed. In current pseudo-code for determining the set of occasions for candidate PDSCH receptions, the cardinality of TDRA rows are firstly excluded based on the TDD UL-DL configurations, then the overlapped rows are removed. One example is shown in Figure 1, five rows are configured in TDRA table, and a set of occasions for candidate PDSCH receptions includes PDSCH occasion 1 and 4 for slot-based type-1 codebook.
If sub-slot based type-1 codebook is supported, for a given sub-slot, the cardinality of TDRA rows should be further limited by the ending symbol. Specifically, if the last symbols of the PDSCH time resource derived by a TDRA row r is not in the sub-slot, row r is removed from the cardinality of TDRA rows. Take the example shown in Figure 1:
· For sub-slot 1, the set of occasions for candidate PDSCH receptions includes PDSCH occasion 1;
· For sub-slot 2, the set of occasions for candidate PDSCH receptions includes PDSCH occasion 3 and 4.
Proposal 2: If sub-slot based type-1 HARQ-ACK codebook is supported, to determine the occasions for candidate PDSCH receptions, the following limitation should be considered:
· For a given sub-slot, if the last symbols of the PDSCH time resource derived by a TDRA row r is not in the sub-slot, row r is removed from the cardinality of TDRA rows.


Figure 1. The sets of occasions for candidate PDSCH receptions

Retransmission of Low-priority HARQ-ACK 
In Rel-16, 2-level priority is supported for PUCCH/PUSCH. To resolve intra-UE collision between UL transmissions, a UE performs the following: 
· Step 1: Resolve collision between UL transmissions with same priority based on Rel-15 multiplexing procedure. 
· Step 2: Resolve collision between UL transmissions with different priorities, i.e. the low-priority UL transmission is canceled.
Considering low-priority HARQ-ACK is usually configured for eMBB transmission, once the low-priority HARQ-ACK is canceled, significant system efficiency loss can be expected, since:
· Retransmission of large amount of data will reduce the DL system efficiency; and
· More collisions between UL transmissions with different priority may occur.
In order to reduce the impact caused by the cancellation of low-priority HARQ-ACK transmission, HARQ-ACK retransmission should be supported.
Proposal 3: HARQ-ACK retransmission should be supported for Rel-17 URLLC.

One-shot HARQ-ACK Transmission
For the following cases, PDSCH retransmission cannot satisfy the delay requirement of URLLC. HARQ-ACK feedback has no use for URLLC transmission, but causes the collision with other UL channels and leads to unnecessary dropping of eMBB transmission. 
· Case 1: One-shot PDSCH transmission. 
· Case 2: DL-heavy TDD carrier. One example is shown in Figure 2, the earliest HARQ timing for the PDSCH transmission in slot n is in slot n+4, which exceeds the delay requirement. Furthermore, if massive URLLC PDSCHs are transmitted, PUCCH blocking can be expected for this case.


Figure 2: Unnecessary HARQ-ACK feedback on DL-heavy TDD carrier
· Case 3: The transmission is closed to the maximum time delay. As shown in Figure 3, assuming the maximum time delay is 1 ms, the gap between the data arriving and the end of the first retransmission is closed to 1 ms, and the earliest ACK/NACK transmission must exceed the time delay.


Figure 3: Unnecessary HARQ-ACK feedback for the transmission closed to the maximum time delay
To reduce the power consumption for transmitting the unnecessary HARQ-ACK and avoid the loss of eMBB transmission, one-shot HARQ-ACK transmission should be supported for Rel-17 URLLC.
Proposal 4: One-shot HARQ-ACK transmission should be supported for Rel-17 URLLC.

HARQ-ACK Enhancements for SPS PDSCH
In Rel-16, short DL SPS periodicity and multiple DL SPS configurations are supported. For cases where only HARQ-ACK feedback for SPS PDSCHs shall be reported (i.e. no dynamic PDSCH HARQ-ACK), more than one bit of HARQ-ACK feedback for SPS PDSCH without an associated grant can be reported in a PUCCH resource. However, one feedback timing K1 is still semi-statically configured for each DL SPS configuration, and once no available PUCCH resource is obtained, HARQ-ACK for SPS PDSCH will not be transmitted. One example is shown in Figure 4, in 5 ms DL-UL periodicity, 75% SPS PDSCHs have no HARQ-ACK feedback. This will significantly reduce the system efficiency and increase the latency.
Proposal 5: HARQ-ACK for all of available SPS PDSCHs should be reported for Rel-17 URLLC.


Figure 4: One example of Rel-16 HARQ-ACK transmission for SPS PDSCH
If HARQ-ACK report for all of available SPS PDSCHs is supported, the HARQ-ACK codebook for SPS PDSCH can be further enhanced to achieve lower UCI overhead. The following methods can be considered:
· Option 1: The HARQ-ACK codebook for SPS PDSCHs is determined based on the HARQ processes associated with the multiple SPS PDSCH resources which are mapped to the same PUCCH.
· [bookmark: _GoBack]Option 2: Multiple SPS PDSCH sources of multiple configurations configured for one service share one HARQ-ACK bit. One example is shown in Figure 5, SPS configuration 1~3 are configured for one service to solve jitter problem, 3 PDSCH resources during one periodicity share one HARQ-ACK bit in the codebook.


Figure 5: Multiple SPS PDSCH sources share one HARQ-ACK bit in SPS HARQ-ACK codebook 
Proposal 6: If HARQ-ACK report for all of available SPS PDSCHs is supported, the HARQ-ACK codebook for SPS PDSCH can be further enhanced to achieve lower UCI overhead.
Conclusions
In this contribution, we show our views on the HARQ-ACK enhancements for Rel-17 IoT and URLLC with following observations and proposals:
Observation 1: In case of we have more concern about the impact on reliability caused by PDCCH reception, the reliability of HARQ-ACK feedback transmitted by type-1 codebook may be higher than type-2 codebook.
Observation 2: The payload of type-1 codebook can be optimized based on the proper configuration of K1 to guarantee the reliability of PUCCH transmission.
Proposal 1: Sub-slot based type-1 HARQ-ACK codebook should be supported in Rel-17.
Proposal 2: If sub-slot based type-1 HARQ-ACK codebook is supported, to determine the occasions for candidate PDSCH receptions, the following limitation should be considered:
· For a given sub-slot, if the last symbols of the PDSCH time resource derived by a TDRA row r is not in the sub-slot, row r is removed from the cardinality of TDRA rows.
Proposal 3: HARQ-ACK retransmission should be supported for Rel-17 URLLC.
Proposal 4: One-shot HARQ-ACK transmission should be supported for Rel-17 URLLC.
Proposal 5: HARQ-ACK for all of available SPS PDSCHs should be reported for Rel-17 URLLC.
Proposal 6: If HARQ-ACK report for all of available SPS PDSCHs is supported, the HARQ-ACK codebook for SPS PDSCH can be further enhanced to achieve lower UCI overhead.
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