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Introduction
According to new revised NR Rel-17 URLLC WID in the RAN #88 meeting[1], the HARQ-ACK feedback enhancement for URLLC will be studied. 
	1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]


In this contribution, our view on some enhancements to HARQ-ACK feedback is provided
HARQ-ACK feedback enhancements for SPS
· HARQ-ACK timing indication enhancement
In Rel-15/16, for a SPS PDSCH reception ending in slot n, the UE transmits the PUCCH in slot n+k where k is provided by the PDSCH-to-HARQ_feedback timing indicator field in DCI format 1_0 or, if present, in DCI format 1_1/1_2 activating the SPS PDSCH reception. If the UE detects a DCI format 1_1/1_2 that does not include a PDSCH-to-HARQ_feedback timing indicator field, k is provided by dl-DataToUL-ACK. 
However, if slot n+k is not a uplink slot, the UE will not transmit the PUCCH with HARQ-ACK. This is not an issue when the SPS periodicity is no less than 10ms. Because the network can always make sure the slot n+k is an uplink slot by implementation. However, it will be very difficult or even impossible to guarantee that when SPS periodicity is one slot. For instance, a TDD configuration with a periodicity of ‘DDDDU’, where ‘D’ means a downlink slot and ‘U’ is an uplink slot. When SPS periodicity is one slot, one fixed HARQ-ACK timing value k as Rel-15/16 is no longer feasible to determine a proper UL slot for transmission of HARQ-ACK associated with each DL SPS slot.
[bookmark: OLE_LINK2]Observation 1: For shorter SPS periodicities, one fixed HARQ-ACK timing value k is no longer feasible to determine a proper UL slot for transmission of HARQ-ACK associated with each DL SPS slot.
As discussed in Rel-16, there are several options to solve the issue.
· [bookmark: _GoBack]Option 1: Still indicate one k value. If the indicated n+k is a DL slot, it will defer to the first available PUCCH resource or an uplink slot configured by RRC.
· Option 2: Indicate a set of k values where one k value for one SPS transmission in a time window configured by RRC. 
· RRC configures one or more sets of k values. If more than one sets are configured, one set is chosen based on the PDSCH-to-HARQ_feedback timing indicator field in the activating DCI.
Option 1 which always defer to the first valid PUCCH resource/slot for all SPS occasions may incur imbalanced HARQ-ACK feedback, which is detrimental to PUCCH reliability for URLLC. As an example in Figure 1, the HARQ-ACKs of the SPS in the first 6 DL slots are delayed to the first UL slot because k = 2 indicates a DL slot for them. In this way, a total of 9 HARQ-ACKs are transmitted in the first UL slot, and one HARQ-ACK is transmitted in the second UL slot. As such, the transmission load of HARQ-ACK is imbalanced in the 2 UL slots.
[image: ]
Figure 1 HARQ-ACK timing indication for SPS PDSCH with deferring to the first valid PUCCH resource/slot
On the other hand, Option 2 is more flexible and the HARQ-ACK timing value k can be configured properly according to the SPS configuration and DL & UL slot configuration. An example is given in Figure 2, where the slot configuration has a periodicity of ‘DDDDDDDSUU’ and the periodicity of SPS is one slot. Then, the network can indicate a set of k values, e.g., k = {8,7,6,5,5,4,3,2} for each SPS in one slot configuration period. This is more flexible and could avoid imbalanced HARQ-ACK feedback. Similar to Rel-15, if RRC configures more than one sets of k values, one set is chosen based on the PDSCH-to-HARQ_feedback timing indicator field in the activating DCI, Otherwise, it will use the one set configured by RRC.
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Figure 2 HARQ-ACK timing indication for SPS with indicating a set of HARQ-ACK timing values
Based on above, we prefer option 2 since it is more flexible than option 1.
Proposal 1: Indicate a set of k values where one k value for one SPS transmission in a time window configured by RRC. 
· RRC configures one or more sets of k values. If more than one sets are configured, one set is based on the PDSCH-to-HARQ_feedback timing indicator field in the activating DCI.
· HARQ-ACK overhead reduction
In Rel-16, HARQ-ACK is always generated for each SPS transmission occasion if there is no overlaps with other DL transmissions, regardless whether there is actual data transmission on SPS occasions. This is a simple and reliable method, which is similar to the semi-static HARQ-ACK codebook. However, the traffic of some URLLC use cases is non-periodic. In such case, the SPS configuration with shorter periodicities would be configured to meet the low latency requirement. However, some redundant HARQ-ACKs will be generated for the SPS occasions with no actual transmission.
Therefore, reducing the HARQ-ACK overhead for SPS should be considered. The existing DAI mechanism cannot be used directly because the SPS PDSCH has no corresponding PDCCH. Some methods should be introduced to identify whether a SPS occasion has actual transmission. 
Proposal 2: HARQ-ACK overhead for SPS PDSCHs should be reduced.
HARQ-ACK feedback enhancements for UL sub-slot in TDD
In Rel-15/16, for a DG PDSCH reception ending in slot n, the UE transmits the HARQ-ACK PUCCH in slot n+k where k is RRC configured or indicated by DCI. In Rel-16, if UL sub-slot is configured, the unit of k is changed from slot to sub-slot.
When UL sub-slot is configured, there is a problem for PDSCH scheduled by PDCCH. One example is shown in Figure 3, where the frame structure is ‘DDDUU’. When 2-symbol sub-slot is configured, the PDSCHs transmitted in the first DL slot cannot find a large enough k value to one UL sub-slot since the maximum k value is 15. 
One way is to enlarge the candidate k values if sub-slot is configured. Alternatively, the DL slots are not counted when determining the position of UL sub-slot for HARQ-ACK transmission. In other words, for HARQ-ACK transmission for a PDSCH, the UL sub-slot with k = 0 is defined as the first UL sub-slot after the PDSCH. 
[image: ]
Figure 3 A problem was shown with no corresponding k value indicating UL sub-slot
Based on above, we have the following proposal. 
Proposal 3:  In TDD, if UL sub-slot is configured, HARQ-ACK feedback should be enhanced to ensure a UL sub-slot can be found for HARQ-ACK transmission for PDSCH in every DL slot. 
Transmission of the cancelled HARQ-ACK
4.1 Transmission of low priority HARQ-ACK for intra-UE prioritization 
In Rel-16, when a low-priority HARQ-ACK PUCCH conflicts with a high-priority PUCCH or a high-priority PUSCH, the low-priority HARQ-ACK PUCCH is canceled. If the dropped low-priority PUCCH carries many HARQ-ACK bits, all related PDSCHs has to be re-transmitted. In order to avoid this, one way is to perform intra-UE multiplexing as discussed in our companion contribution [2]. However, this will also impact the transmission with high priority. And in some cases, the multiplexing of PUCCHs with different priorities cannot be realized. For example, high-priority PUCCH and low-priority PUCCH may not meet the multiplexing timeline due to the low latency requirement of the high-priority PUCCH. So, except dropping or multiplexing, other ways to enhancement low priority HARQ-ACK should be considered.
In some cases, after low-priority HARQ-ACK PUCCH has been cancelled, a new PUCCH or PUSCH can be indicated for the re-transmission of the cancelled HARQ-ACK. In some other cases, before the low-priority HARQ-ACK PUCCH is cancelled, gNB can change its transmission position in advance to avoid collision with the high-priority PUCCH / PUSCH. Details on how to determine the new resources for low-priority HARQ-ACK can be further studied. 
[bookmark: OLE_LINK3]Proposal 4: A new PUCCH or PUSCH resource for transmission of low priority HARQ-ACK to be cancelled due to intra-UE prioritization should be considered. 
[bookmark: _Toc24098540]4.2 Transmission of HARQ-ACK for inter-UE prioritization 
In Rel-16 UL inter-UE multiplexing, both low priority and high priority PUSCH can be cancelled according to uplink cancelation indication (CI) no matter whether there is HARQ-ACK piggybacked on it or not. It means HARQ-ACK, even high-priority HARQ-ACK, could be dropped, which leads to numerous of re-transmissions and spectral efficiency degradation. So, an effective mechanism for re-transmitting cancelled HARQ-ACK should be considered. Meanwhile, the HARQ-ACK on PUCCH will not be impacted by UL cancellation indication. Using different mechanisms for the HARQ-ACK carried on different physical channel doesn’t make sense. 
As an example shown in Figure 4, the UE will determine to piggyback the HARQ-ACK on same priority PUSCH as time domain overlapping between PUCCH and PUSCH happens. Then, at least a part of PUSCH is cancelled as indicated by UL CI. The piggybacked HARQ-ACK will be cancelled together with PUSCH.


Figure 4: An example of HARQ-ACK cancelation in the case of UL inter-UE multiplexing
Observation 2: HARQ-ACK (even high-priority HARQ-ACK) piggybacked on PUSCH will be dropped due to inter-UE multiplexing, which leads to numerous of re-transmissions and spectral efficiency degradation. 
Proposal 5: Re-transimission of the cancelled HARQ-ACK piggybacked on PUSCH due to inter-UE multiplexing should be considered. 
Using Type I HARQ-ACK codebook for URLLC
[bookmark: OLE_LINK25]In NR Rel-15, both Type I and Type II HARQ-ACK codebooks are supported. In Rel-16, Type I codebook is not supported due to limited time. In Rel-17, Type I codebook should be supported considering its advantages. In the following, we further investigate the benefits and use cases of Type I HARQ-ACK codebook for URLLC. 
· Reduce DCI overhead
Type I HARQ-ACK codebook does not require DAI field and therefore saves the DCI overhead. If Type II HARQ-ACK codebook is used, 4 bits DAI overhead is required in DL DCI and 2 bits DAI overhead is required in the UL grant, which is not aligned with spirit of DCI overhead reduction.
· Avoid padding overhead for periodic and deterministic URLLC traffic
Type I HARQ-ACK codebook is more suitable for periodic and deterministic URLLC traffic types, such as differential protection of power distribution and factory automation. In such cases, gNB can reduce Type I HARQ-ACK codebook overhead to the same level as that of Type II HARQ-ACK codebook by implementation. For example, for periodic and deterministic URLLC traffic, the actual PDSCH transmission occasions can be predetermined. Thus, the set of k1 values can be configured to match the periodicity of the URLLC traffic. An example is shown in Figure 5. If the periodicity of the URLLC transmission is 2 sub-slots, the set of k1 values is configured as a multiple of the periodicity, e.g., k1 = {2, 4, 6, 8, ...}. Thus, only the sub-slots that actually transmit URLLC data are selected to generate a Type I HARQ-ACK codebook, thereby the padding overhead can be reduced at sub-slot level. Furthermore, the PDSCH candidate resources can be independently configured for the URLLC traffic in the sub-slot, ensuring one valid URLLC transmission opportunity in one sub-slot, thereby the padding overhead can be avoided from the PDSCH candidate resource level.
In above use cases, Type I HARQ-ACK codebook is the simplest and most efficient way for HARQ-ACK feedback, and it does not introduce additional padding overhead.
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Figure 5. An example of avoiding padding overhead through the implementation of the gNB
· High robustness
The size of Type I HARQ-ACK codebook is determined according to the valid PDSCH candidate resources configured by RRC parameter, and is not determined according to the blind detection of PDCCH. So, Type I HARQ-ACK codebook offers higher robustness.
Through above analysis, Type I HARQ-ACK codebook has its own advantages and use cases. Thus, it should be supported in Rel-17.
Proposal 6: Type I HARQ-ACK codebook based on sub-slot construction should be supported in Rel-17 URLLC.
Conclusions
According to the analysis given above, we have the following observations and proposals:
Observation 1: For shorter SPS periodicities, one fixed HARQ-ACK timing value k is no longer feasible to determine a proper UL slot for transmission of HARQ-ACK associated with each DL SPS slot.
Observation 2: HARQ-ACK (even high-priority HARQ-ACK) piggybacked on PUSCH will be dropped due to inter-UE multiplexing, which leads to numerous of re-transmissions and spectral efficiency degradation. 
Proposal 1: Indicate a set of k values where one k value for one SPS transmission in a time window configured by RRC. 
· RRC configures one or more sets of k values. If more than one sets are configured, one set is based on the PDSCH-to-HARQ_feedback timing indicator field in the activating DCI.
Proposal 2: HARQ-ACK overhead for SPS PDSCHs should be reduced.
Proposal 3:  In TDD, if UL sub-slot is configured, HARQ-ACK feedback should be enhanced to ensure a UL sub-slot can be found for HARQ-ACK transmission for PDSCH in every DL slot. 
Proposal 4: A new PUCCH or PUSCH resource for transmission of low priority HARQ-ACK to be cancelled due to intra-UE prioritization should be considered. 
Proposal 5: Re-transimission of the cancelled HARQ-ACK piggybacked on PUSCH due to inter-UE multiplexing should be considered. 
Proposal 6: Type I HARQ-ACK codebook based on sub-slot construction should be supported in Rel-17 URLLC.
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