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[bookmark: _Ref521334010]Introduction
A Rel-17 work item on enhanced IIoT and URLLC for NR was agreed with WID updated in [1]. One of the objectives is to identify and specify if needed required enhancements for HARQ-ACK as follows.
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 
In this contribution, we give our considerations for potential UE HARQ-ACK feedback enhancements for URLLC.
Discussion
HARQ-ACK feedback enhancements for TDD DL SPS
For eURLLC in Rel-16, short periodicity down to one slot is supported for DL SPS to reduce latency. When UE is configured with a DL SPS configuration with short periodicity, since a single timing value of K1 is indicated in the DL SPS activation DCI, there can be quite frequent collision between the resource for HARQ-ACK transmission and slot format indicated by TDD configuration especially for the DL-heavy TDD configurations leading to frequent HARQ-ACK dropping which would degrade the performance of DL SPS and spectral efficiency.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]It was discussed in Rel-16 to enhance HARQ-ACK feedback for TDD DL SPS to mitigate HARQ-ACK dropping. However, due to lack of time, it was not agreed. It is proposed to study and specify HARQ-ACK feedback enhancements for TDD DL SPS to mitigate HARQ-ACK dropping. For example, UE can delay the HARQ-ACK feedback corresponding to SPS PDSCH(s) to a first available slot/sub-slot without RRC configured DL symbol within the symbol set of the PUCCH resource for SPS PDSCH. As shown in figure 1, HARQ-ACK for SPS PDSCH in slot n can be delayed to slot n+3.
Proposal 1: Support HARQ-ACK feedback enhancements for TDD DL SPS by allowing UE to delay the HARQ-ACK feedback for SPS PDSCH in case of colliding with DL symbol(s).


Figure 1: HARQ-ACK for SPS PDSCH is delayed to the first available slot/sub-slot
Enhancement for sub-slot based Type-1 HARQ-ACK CB
It was agreed that R15 HARQ-codebook construction is applied in unit of sub-slot at least for Type-2 HARQ-ACK codebook in Rel-16. For Type-1 codebook, it is our understanding that sub-slot based construction was also supported in the specification by replacing “slot” to “sub-slot”. However, we see some issues for sub-slot based Type-1 HARQ-ACK codebook as analyzed below. 



Take an example as shown in Figure 2, assuming K1 set = {1, 2}. According to the pseudo-code to determine the  set associated with PUCCH in sub-slot 2n+2 based on the Type I codebook determination procedure defined in 38.213, both K1=1 and K1=2 correspond to DL slot n which will go through into the pseudo-code twice and produce a  with repeated PDSCH transmission positions. For PUCCH in sub-slot 2n+3, since K1=1 correspond to DL slot n+1 and K1=2 correspond to DL slot n, all the PDSCH transmission positions in DL slot n and DL slot n+1 will be exist in  even though some PDSCH transmission positions will never feedback HARQ-ACK in sub-slot 2n+3. 


[bookmark: _Ref7452116]Figure 2: Redundant HARQ-ACK codebook determination
Another example with different SCS configuration between DL and UL is given in Figure 3, assuming K1 set = {1, 3}. The HARQ-ACK feedback for the PDSCH in slot n would be in PUCCH sub-slot 4n+6 with K1=3 and the HARQ-ACK feedback for PDSCH in slot n+1 would be in PUCCH sub-slot 4n+6 with K1=1. 


There is an if condition in the pseudo-code to determine the  set which only allows partial K1 value(s) to go through to avoid redundancy in case of different numerologies between DL and UL. K1 is based on sub-slot instead of UL slot in this case, then there is a mismatch between the if condition and unit of K1 values. For the example in Figure 3, for PUCCH in sub-slot 4n+6, neither K1=1 or K1=3 can go through the pseudo-code to determine the  set associated with PUCCH in sub-slot 4n+6 based on the current Type I codebook determination procedure defined in 38.213.


[bookmark: _Ref47082523]Figure 3: Unaligned HARQ-ACK timing and M set determination
Hence, Type-1 codebook can be improved for sub-slot based HARQ-ACK feedback. One option is to find all the PDSCH occasions based on the boundary of UL sub-slot so that the redundant HARQ-ACK bit(s) can be removed and all the PDSCH occasions can be included. Therefore, we propose to improve sub-slot based Type-1 HARQ-ACK codebook.
Proposal 2: Enhance sub-slot based Type-1 HARQ-ACK codebook to reduce redundant HARQ-ACK bit(s) and to include all the PDSCH occasions.
UCI multiplexing on PUSCH
For PUCCH overlapping with PUSCH, there are some cases which are considered as error cases in Rel-16, the cases are listed as below:
1) A PUCCH overlaps with 1-symbol PUSCH
2) A PUCCH overlaps with 2-symbol or 3-symbol PUSCH with frequency hopping enabled 
3) HARQ-ACK on PUCCH overlaps with 4-symbol or 5-symbol PUSCH with DMRS on the last symbol without frequency hopping enabled for PUSCH
4) If frequency hopping is enabled for PUSCH and UCI is multiplexed with UL-SCH, there may not be enough REs for HARQ-ACK in the first hop in some cases.
5) If frequency hopping is enabled for PUSCH and UCI is multiplexed on PUSCH without UL-SCH, in some cases the available RE resources in the second hop is limited for CSI part 1.
For case 1) and case 2), they are considered as error cases since UCI multiplexing on DMRS symbol is not supported, but 1-3 symbol PUSCHs are expected to be commonly used by URLLC UEs to achieve low latency. The overlapping between HARQ-ACK and short PUSCH should not be precluded especially for latency critical services. Enhancement can be considered for these cases in Rel-17 for URLLC, e.g., UCI multiplexing on DMRS symbols.
Case 3) happens typically when configuring type-A DMRS. However, type-A DMRS is not considered as a typical configuration for URLLC UEs. Case 4) happens when type-A DMRS is configured or when type-B DMRS is configured but the number of symbols in the first hop is smaller than the number of symbols in the second hop. Case 5) happens when HARQ-ACK, CSI part 1 and CSI part 2 are all multiplexed on PUSCH without UL-SCH, and the REs occupied by CSI part 1 in the second hop is limited. Since these scenarios are not essential or can be avoided for URLLC UEs by proper configuration/resource allocation, enhancement is not needed. 
[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK6][bookmark: OLE_LINK7]Proposal 3: UCI multiplexing on DMRS symbols of PUSCH should be considered in Rel-17.
Conclusion
In this contribution, we discuss some considerations for HARQ-ACK feedback enhancements and give the following proposals.
Proposal 1: Support HARQ-ACK feedback enhancements for TDD DL SPS by allowing UE to delay the HARQ-ACK feedback for SPS PDSCH in case of colliding with DL symbol(s).
Proposal 2: Enhance sub-slot based Type-1 HARQ-ACK codebook to reduce redundant HARQ-ACK bit(s) and to include all the PDSCH occasions.
Proposal 3: UCI multiplexing on DMRS symbols of PUSCH should be considered in Rel-17.
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