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1	Introduction
[bookmark: _Hlk525601705][bookmark: _Hlk525602213]The work item on enhanced Industrial Internet of Things (IIoT) and URLLC support was approved in RAN#86 and revised during RAN#88e [1]. As one of the objectives, potential enhancements on HARQ-ACK feedback was included as below:
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 discuss the necessity and potential enhancements for HARQ-ACK feedback. In Section 2, we address the problem of dropped SPS HARQ-ACK feedback due to conflicts with downlink/flexible symbols for TDD deployments. Next, in Section 3 we discuss potential enhancements for reducing HARQ-ACK feedback of SPS PDSCH, followed by Conclusions in Section 4. 
2	Dropping of SPS HARQ-ACK feedback in TDD operation
[bookmark: _Toc415085486][bookmark: _Toc503902285]In current SPS operation, all the SPS PDSCH of a specific SPS configuration has a fixed PDSCH-to-HARQ timer (K1) as defined in the activation DCI. With the introduction of shorter (down to 1 slot) SPS periodicities in Rel-16, a significant percentage of the SPS HARQ-ACK feedback may be dropped if the corresponding PUCCH resource collides with at least 1 DL or flexible symbol. 
This problem was discussed during the Rel-16 eURLLC Work Item as captured in summary documents [R1-1911962] and [R1-1913451]; however, no dedicated solutions were agreed due to lack of time. In our view, this problem limits significantly the use of SPS for URLLC/IIoT traffic in unpaired TDD spectrum, since HARQ-ACK retransmissions cannot be always used (or need to be blindly used) to guarantee the required reliability of the traffic. We believe this is one of the HARQ-ACK problems to be addressed in the Rel-17 IIoT Work Item.
Proposal 1: RAN1 should specify solutions to address the problem of dropping SPS HARQ-ACK feedback due to conflicts with downlink/flexible symbols for TDD deployments.
For defining the solution, a good starting point are the Rel-16 proposals from multiple companies summarized [R1-1911962]: 
Feature lead recommendations:
Proposal: 
If the HARQ-ACK PUCCH resource for SPS PDSCH without associated DCI (determined by HARQ-ACK timing in the activation DCI) collides with DL symbols given by semi-static TDD configuration, the following options are to be further investigated:
· Option 1b: Deferring HARQ-ACK until the first available valid PUCCH resource
· Vivo, OPPO, WILUS, HW, Sony
· Option 1c: Deferring HARQ-ACK until the first available valid slot configured by RRC
· CMCC, OPPO, vivo, HW
· Option 2: Indicating K1 value for each SPS transmission in a time window configured by RRC. 
· ZTE
· Option 3: Reusing rel-15 rule (i.e., if the PUCCH resource determined by HARQ-ACK timing in the activation DCI collides with DL symbols given by semi-static TDD configuration, the PUCCH transmission is cancelled)
· QC, Apple, Nokia, DCM, LGE, Ericsson, MTK
· Other options are not precluded

Option 3 was the adopted solution in Rel16 which leads to the problem that we aim to solve.  
Postponing or deferring the SPS HARQ-ACK feedback to the next available UL slot/sub-slot or valid PUCCH (Option 1b/1c) was supported by many companies. While we think it is an intuitive and easy-to-understand solution, it has some significant drawbacks and thus it is not preferred. First, it offers poor flexibility to map the SPS HARQ-ACK feedback bits to PUCCH resources. For instance, for a TDD slot format  ‘DDDDDDDUUU’, majority of feedback bits would be mapped to a single UL slot: first UL slot (7th slot in the frame) for Option 1b, or an arbitrary RRC-configured UL slot for Option 1c. This large and unbalanced codebook size compromises the PUCCH reliability. Furthermore, especially Option 1b does not scale well for a large number of UEs served via SPS resources, as majority of the HARQ-ACK feedback is conveyed in a single slot. 
Observation 1: The options of deferring HARQ-ACK until the first available valid PUCCH resource or until the first available valid slot configured by RRC do not provide sufficient flexibility of mapping HARQ-ACK to PUCCH resource. 
In contrast, Option 2 (Figure 1) offers a more elegant and flexible mapping of SPS PDSCH HARQ-ACK and UL PUCCH resources by indicating a K1 value for each SPS PDSCH in a time window. One drawback with this solution is that the configuration overhead may be large especially for long TDD slot configuration periods, e.g. 10 or 20 milliseconds. Furthermore, in case of changes to the semi-static TDD configuration or changes to the resource allocation of the SPS PDSCH (e.g. different slot/symbol offset via re-activation DCI), higher-layer reconfiguration of the set of K1 values may be required to better match the TDD slot format or the updated timing of the SPS PDSCH allocation. Often reconfiguration is needed to support use cases with periodicities not fitting NR’s numerology (e.g. 0.8333ms or 1200Hz).
[image: ]
[bookmark: _Ref47611951]Figure 1: Option 2 - indicating K1 value for each SPS transmission as proposed in [R1-1911969].

To reduce the configuration overhead, while still allowing similar SPS HARQ-ACK feedback mapping flexibility, one alternative is to define a set of k1 values, e.g. K1 = {k1_a, k1_b, k1_c} applicable to all SPS PDSCH per SPS configuration or across multiple SPS configurations. For each SPS PDSCH, the UE checks each k1 value in K1 set (e.g. in the order from left to right), and the first k1 value that results in a valid uplink PUCCH resource is selected. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Figure 2(a) and 2(b) illustrates an example of the PUCCH timing of SPS PDSCH allocations on each DL slot with different sets of K1 for TDD slot formats ‘DDDUU’. Setting  K1 = {3, 2} (Figure 2a) or {2,3} allows to best balance the HARQ-ACK bits across the two UL slots, whereas K1 = {1, 2, 3} (Figure 2b) or  {4, 3, 2} allows to transmit all HARQ-ACK bits on the first or last UL slot, respectively. In addition, we show in Figure 2c the case with TDD slot format ‘DDDDDDDUUU’ and K1 = {5, 6, 7, 4, 3}. It is worth to highlight that the configured set K1 = {k1_a, k1_b, k1_c} applies to each of the PDSCHs of a SPS configuration and no reconfiguration of K1 set is generally needed in case of changes to the semi-static TDD configuration or changes to the resource allocation (periodicity and slot/symbol offset) of the SPS PDSCH.
Proposal 2: gNB indicates a set K1 containing multiple k1 values applicable to all SPS PDSCH per SPS configuration or across multiple SPS configurations. For each SPS PDSCH, the UE checks each k1 value in K1 set (e.g. in the order from left to right), and the first k1 value that results in a valid uplink PUCCH resource is selected.  
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[bookmark: _Ref35608731]Figure 2: Example K1 configurations for different UL/DL TDD slot formats.
3	SPS HARQ-ACK feedback reduction 
With the introduction of shorter SPS periodicities and multiple SPS configurations in Rel-16, the frequency of UE reporting of HARQ-ACK feedback may increase considerably. Some enhancements to reduce the HARQ-ACK feedback due to SPS PDSCH scheduling were proposed during Rel-16 eURLLC WI; however, this topic was treated with low priority and did not materialize into agreements.
Since the basic functionalities for reporting HARQ-ACK feedback of one or multiple SPS configurations are now well defined, we think it is reasonable to retake the discussion of SPS HARQ-ACK feedback reduction enhancements. Different alternatives are discussed in the following. 
ACK-skipping or NACK-only operation: UE only reports NACKs due to undecoded/undetected SPS PDSCHs (no room for ambiguity when no feedback is reported by the UE). ACK-skipping is especially relevant for deterministic traffic that is mapped 1:1 to a SPS resource pattern, and thus each SPS PDSCH occasion is expected to be used by the gNB. Another motivation for ACK-skipping is the generally low BLER targets for IIoT/URLLC use cases, where an ‘ACK’ provides very little information as compared to ‘NACKs’.
It is worth mentioning that the benefits in terms of HARQ-ACK overhead reduction may reduce when operating with multiple SPS configurations and/or dynamic scheduling (on top of one or multiple active SPS configurations). For instance, if HARQ-ACK feedback from multiple SPS configurations point to the same PUCCH, all the HARQ-ACK feedback bits (both NACKs and ACKs need to be reported) when a NACK is generated for at least one of the PDSCH allocations. Also, if SPS HARQ-ACK bits are multiplexed with dynamic PDSCH HARQ-ACK bits in a HARQ-ACK codebook, it is preferable to always include SPS HARQ-ACK bits to avoid changes of the codebook size. Besides, PUCCH resources need to be always available regardless of whether the UE reports HARQ-ACK feedback or not. It is unclear to what extent these PUCCH resources can be shared across users such that proper PUCCH resource efficiency gain is achieved (otherwise, gain mechanisms are limited to reduced UE power consumption and uplink interference)
NACK-skipping or ACK-only operation: This may be beneficial for supporting e.g. non-integer TSC message periodicities where some SPS PDSCH occasions may not be used by the gNB. However, compared to ACK-skipping, this scenario is less relevant since one could argue that dynamic scheduling may be a more attractive approach for such type of traffic. Similarly, as for ACK-skipping, benefits diminish when operating with multiple SPS configurations or when multiplexed with dynamic traffic.
Observation 2: For SPS PDSCH HARQ-ACK feedback reduction, ACK-only or NACK-only schemes provide limited benefits since the PUCCH resources need to be available regardless of whether the UE reports HARQ-ACK feedback or not. Also, both ACKs and NACKs would need to be anyway reported when the HARQ-ACK feedback is multiplexed with HARQ-ACK of dynamic PDSCH or of other SPS configurations to ensure aligned codebook size between gNB and UE, which leaves little benefits in terms of UE power consumption and UL interference.
Feedback-less operation: For very low latency and high reliability requirements, the importance and benefit of individual HARQ-ACK feedback for SPS transmissions may be relaxed. As an example, for TSC flows with 0.5ms latency and 99.9999% reliability requirements, there is not enough time for HARQ retransmissions. Furthermore, no NACK is expected as any NACK would be a violation of the pre-agreed service requirements. One aspect that requires consideration is whether it is feasible to operate on a feedback-less fashion. This could be up to the gNB (per SPS configuration) based e.g. on whether a UE also has dynamic PDSCH occasionally such that HARQ-ACK feedback from dynamic PDSCH can be used to estimate SPS performance and adjust the SPS allocation if needed; Or for UEs with limited mobility or changing SINR conditions, such that HARQ-ACK feedback is disabled after a learning period.
HARQ-ACK multiplexing or bundling: As an alternative (or supplement) to feedback-less operation, new mechanisms can be defined for multiplexing or bundling HARQ-ACK bits of the same or multiple SPS configuration in a single PUCCH resource to allow monitoring/tracking of physical-layer error rate performance. For instance, a PUCCH resource can be made available every N-th slot to convey all the SPS HARQ-ACK feedback bits (or a single bit, in case of HARQ-ACK bundling) generated during each reporting interval. 
However, due to the need of in-order deliver of HARQ-ACK bits in a serving cell, ACK/NACK multiplexing may limit the flexibility for dynamically scheduling traffic requiring short HARQ-ACK feedback loops. This issue is illustrated in Figure 3, where HARQ-ACK bits of a 1-slot periodicity SPS configuration are configured to be reported on a PUCCH occurring every 10-th slot. Assuming that the SPS PDSCH are exclusively used for periodic/deterministic traffic, HARQ-ACK feedback for any dynamically scheduled traffic can only be delivered in slot #9 at the earliest. Another issue with this solution is that it requires to reserve multiple HARQ processes for the SPS configuration.
Observation 3: For SPS PDSCH HARQ-ACK feedback reduction, HARQ-ACK multiplexing or bundling schemes, where HARQ-ACK information of multiple PDSCHs of a SPS configuration is transmitted on a single PUCCH, would increase the latency of HARQ-ACK reporting for dynamic PDSCH  due to the need of in-order deliver of HARQ-ACK bits in a serving cell.
With this in mind, we see feedback-less operation as the best compromise between technical benefits and standardization effort and thus propose the following:
Proposal 3: For SPS PDSCH HARQ-ACK feedback reduction, RAN1 does not further consider ACK-only/NACK-only schemes, nor HARQ-ACK multiplexing/bundling schemes due to high standardization effort and/or marginal benefits.
Proposal 4: For SPS PDSCH HARQ-ACK feedback reduction, the gNB can disable HARQ-ACK feedback for one or multiple SPS configurations. 
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[bookmark: _Ref35611607]Figure 3: ACK/NACK multiplexing of multiple SPS PDSCH in a single PUCCH resource

4	Conclusions
In this contribution, we discuss the necessity and potential enhancements for HARQ-ACK feedback. 
The discussions on dropping SPS HARQ-ACK due to conflicts with downlink/flexible symbols for TDD deployments can be summarized in the following observations and proposals: 
· Proposal 1: RAN1 should specify solutions to address the problem of dropping SPS HARQ-ACK feedback due to conflicts with downlink/flexible symbols for TDD deployments.
· Observation 1: The options of deferring HARQ-ACK until the first available valid PUCCH resource or until the first available valid slot configured by RRC do not provide sufficient flexibility of mapping HARQ-ACK to PUCCH resource. 
· Proposal 2: gNB indicates a set K1 containing multiple k1 values applicable to all SPS PDSCH per SPS configuration or across multiple SPS configurations. For each SPS PDSCH, the UE checks each k1 value in K1 set (e.g. in the order from left to right), and the first k1 value that results in a valid uplink PUCCH resource is selected.  

The discussions on SPS HARQ-ACK feedback reduction can be summarized in the following observations and proposals: 
· Observation 2: For SPS PDSCH HARQ-ACK feedback reduction, ACK-only or NACK-only schemes provide limited benefits since the PUCCH resources need to be available regardless of whether the UE reports HARQ-ACK feedback or not. Also, both ACKs and NACKs would need to be anyway reported when the HARQ-ACK feedback is multiplexed with HARQ-ACK of dynamic PDSCH or of other SPS configurations to ensure aligned codebook size between gNB and UE, which leaves little benefits in terms of UE power consumption and UL interference.
· Observation 3: For SPS PDSCH HARQ-ACK feedback reduction, HARQ-ACK multiplexing or bundling schemes, where HARQ-ACK information of multiple PDSCHs of a SPS configuration is transmitted on a single PUCCH, would increase the latency of HARQ-ACK reporting for dynamic PDSCH  due to the need of in-order deliver of HARQ-ACK bits in a serving cell.
· Proposal 3: For SPS PDSCH HARQ-ACK feedback reduction, RAN1 does not further consider ACK-only/NACK-only schemes, nor HARQ-ACK multiplexing/bundling schemes due to high standardization effort and/or marginal benefits.
· Proposal 4: For SPS PDSCH HARQ-ACK feedback reduction, the gNB can disable HARQ-ACK feedback for one or multiple SPS configurations. 
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