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1 [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
According to the latest WID on enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR approved in RAN#88[1], the following objectives are specified:
The detailed objectives of the Work Item are:
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 RAN1#102-e meeting[2], agreements of UE feedback enhancements for HARQ-ACK are reached as follows:
Agreements:
Support Rel-17 enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol. 
· This topic is to be considered as high priority
· FFS detailed solution(s)
Agreements:
· Simultaneous PUSCH / PUCCH within a cell group (of Sec. 6.13 of R1-2007216) and enhanced (sub-slot) HARQ-ACK multiplexing on PUSCH (of Sec. 4.3 of R1-2007216) can be further discussed as part of AI 8.3.3 in this WI (but not as part of AI 8.3.1.1).
Agreements:
Study further at least the following schemes:
· SPS HARQ skipping for ‘skipped’ SPS PDSCH
· PUCCH repetition enhancements (at least for HARQ-ACK), e.g., sub-slot based, etc.
· Retransmission of cancelled HARQ
· SPS HARQ payload size reduction and / or skipping for ‘non-skipped’SPS PDSCH
· Type 1 HARQ codebook based on sub-slot PUCCH config 
· PUCCH carrier switching for HARQ feedback
Companies are encouraged to provide detailed analysis and comparison accordingly
Based on the above agreements, we present some further analyses on UE feedback enhancements for HARQ-ACK.

2 Discussion
HARQ-ACK overload reduction for DL SPS
In Rel-16, multiple simultaneous active semi-persistent scheduling (SPS) configurations for a given BWP of a UE is supported for two use cases. One use case is to support different traffic types, since separate signaling for DL SPS configurations with independently configured transmission parameters is beneficial. Another use case is to support TSC message periodicities with non-integer multiple of NR-supported CG/SPS periodicities. In this case, multiple SPS configurations can share the same set of configurations, and reduce signaling overhead. If multiple SPS configurations for a given BWP of a serving cell are activated simultaneously, the corresponding HARQ-ACK feedback signaling overhead will also increase. In order to better improve the efficiency of HARQ-ACK feedback, HARQ-ACK feedback signaling overhead needs to be further improved. 
Furthermore, in Release 15, one SPS resource is contained in one set of occasions for candidate PDSCH receptions at most. In Release 16, 3GPP has reached a consensus in 3GPP RAN1#97 that shorter periodicities for DL SPS are supported. However, shorter SPS periodicities lead to complicated HARQ-ACK feedback situations. Enabling more than one PUCCH for HARQ-ACK transmission within a slot is beneficial as it may enable fast HARQ-ACK feedback to reduce the latency. It is concluded that more than one PUCCH for HARQ-ACK transmission within a slot should be supported in Rel-16. Since the URLLC data traffic has more stringent requirements on latency and reliability, the HARQ-ACK feedback for shorter SPS periodicity could improve the performance on latency. However, frequent HARQ-ACK feedback could cause large signaling overhead. 
Observation 1: HARQ-ACK feedback overhead will be increased due to multiple SPS configurations or shorter periodicity.
In Release 15, UE determines the PUCCH resource for each SPS PDSCH according to the slot-level HARQ-ACK timing, and one PUCCH only includes HARQ-ACK of one SPS PDSCH of a serving cell. However, with the support of shorter periodicities for DL SPS and sub-slot based HARQ-ACK feedback in Release 16, there’s a trade-off between latency requirement and PUCCH overhead. If HARQ-ACK feedback of each SPS PDSCH is transmitted in each PUCCH respectively, this could bring huge latency advantage, but at the same time, separate transmission in PUCCH also leads large PUCCH overhead. Therefore, a feasible solution is needed to balance the latency and PUCCH resource overhead.
Proposal 1: Study solutions for reducing HARQ-ACK feedback overhead corresponding to SPS DL with shorter periodicity.
Massive HARQ-ACK overhead for SPS is observed and needs enhancements due to the introduction of shorter SPS periodicity and multiple SPS configurations. Solutions to reduce the HARQ-ACK feedback overhead should be studied. For URLLC traffic data with a very tight latency budget, it doesn’t allow for retransmission. That is to say, for URLLC service, it leads to a low probability of NACK feedback. Therefore, the PUCCH control signaling overhead can be reduced by a UE only transmitting a NACK. However, for other cases, such as eMBB service, multiple SPS configurations, or shorter periodicities for DL SPS would generate unnecessary NACK feedback. In this case, NACK skipping would lead to more benefits. Considering the above two cases, ACK skipping and/or NACK skipping should be supported. 
Proposal 2： ACK skipping and/or NACK skipping mechanism for shorter SPS periodicity or multiple SPS configurations should be supported.
[bookmark: OLE_LINK36][bookmark: OLE_LINK37]HARQ-ACK enhancements for TDD case
In Release 15, if the UE is configured with SPS PDSCH, and the SPS PDSCH is received in slot n. The UE transmits PUCCH with HARQ-ACK feedback for the SPS PDSCH in slot n+ K1, where K1 is a number of slots indicated by the PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format or provided by dl-DataToUL-ACK if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI format. If there is no available UL resource in slot n+K1 due to conflict TDD configuration, UE cancels the PUCCH transmission carrying the HARQ-ACK feedback for the SPS PDSCH received in slot n. However, in Release 16, shorter SPS periodicity is supported to reduce latency. For each SPS PDSCH, the value of timing indicator indicated by the activated DCI or higher layer is the same. The shorter periodicity of SPS PDSCH would lead to frequent collisions between the resource for HARQ-ACK transmission and slot format indicated by semi-static or dynamic TDD configuration, especially for the downlink heavy case. If the mechanism for Release 15 is reused, there will be a bad performance for SPS PDSCH, since the HARQ-ACK feedback will be dropped if the collision happens.
If the SPS periodicity is no less than 10ms, the HARQ-ACK feedback for SPS PDSCH in TDD case is never an issue, since the network can always make sure the slot for HARQ-ACK feedback is an uplink slot by the implementation. However, the problem will be complicated for shorter SPS periodicity cases, and it is very difficult to guarantee the HARQ-ACK feedback always transmits in an uplink slot. To minimize the performance degradation in TDD case, UE behavior for handling the collision and determining the HARQ-ACK feedback needs to be enhanced. It is obvious that the current HARQ-ACK feedback timing mechanism is no longer feasible. 
Regarding the aforementioned problem, the proposed solutions could be roughly divided into two categories:
a) deferring HARQ-ACK feedback to the first available valid PUCCH resource, 
b) [bookmark: OLE_LINK50]improve the K1 indication mechanism: i.e. indicate k1 value for each SPS transmission, or indicate multiple k1 values to the UE, etc.
For the solution to postpone the HARQ-ACK feedback, many details are still not clear. The first thing to determine is whether to postpone the transmission of HARQ-ACK to the next available valid UL slot/symbol or postpone the HARQ-ACK transmission to the next available valid PUCCH resource. If the HARQ-ACK feedback is postponed, how to make sure that this PUCCH has enough resources to send the originally transmitted uplink signaling and the postponed HARQ-ACK feedback. Deferring the transmission of HARQ-ACK increases the transmission load pressure of the subsequent available PUCCH. Then the corresponding simplified solutions need to be further studied. For example, HARQ-ACK bundling or skipping solutions can be a baseline.
Furthermore, based on the above discussions, no matter which solution is used to solve the collision problem, the HARQ-ACK feedback is postponed, which means the original HARQ-ACK feedback timing is changed. Considering the HARQ-ACK feedback also requires a certain real-time performance and cannot allow an indefinite delay. The time interval between the postponed HARQ-ACK feedback and receiving the corresponding SPS PDSCH should not exceed the maximum value of k1.
Regarding another category to improve the k1 indication mechanism, several solutions are proposed, for example, indicate k1 value for each SPS transmission, or indicate multiple k1 values to the UE, etc. The solution to indicate k1 value for each SPS transmission in a time window can solve the collision problem between HARQ-ACK and TDD since the k1 value could be configured properly according to the SPS configuration. But the shortcoming is also obvious that this solution could introduce more signaling overhead. It is not necessary that each SPS PDSCH needs a different value of k1. If the values of k1 are the same for most of the SPS PDSCH, then configuring k1 for each DL SPS is undoubtedly increasing unnecessary signaling overhead. 
Therefore, we prefer to indicate multiple values of k1 to the UE, and UE could select one of the k1 values, which applies to the current HARQ-ACK feedback responding to the corresponding SPS PDSCH. This solution not only retains the flexibility of k1 configuration but also saves configuration overhead. Because the size of this k1 set can be limited, the number of k1 is much smaller than configuring a k1 for each SPS PDSCH, which can improve the configuration efficiency and gaining significant reduction in signaling overhead.
As specified in Figure 1, we assume the TDD slot format is ‘DDDUU,’ and the gNB indicates k1=2 in the activated DCI for scheduling the SPS PDSCH. For the first slot DL#1, it should transmit the corresponding HARQ-ACK feedback in the third slot DL#3. The HARQ-ACK feedback in DL#3 should be dropped if subject to the rules in previous releases. On the contrary, if configuring multiple k1 values is adopted, collisions can be avoided. As shown in Figure 2, the TDD slot format is the same as the configuration in Figure 1, and the gNB could indicate multiple k1 values for UE, e.g., k1={2,3}, and UE may select one of the proper values of k1 to transmit HARQ-ACK feedback. In this case, UE could select k1=3 for the SPS PDSCH transmitted in the first slot DL#1, regarding the selection mechanism of k1 could be further studied or left for UE implementation.
[image: ]
Figure1 k1 indication for HARQ-ACK feedback in TDD case (Example 1)
[image: ]
Figure2 k1 indication for HARQ-ACK feedback in TDD case (Example 2)
For another example, as specified in Figure3, we assume the TDD slot format is ‘DDDDDUUU,’ and the gNB indicates a set of k1 values, k1={3,4,5}. According to the current TDD slot format, UE could select the proper k1 value for each SPS PDSCH and avoid the collision between HARQ-ACK feedback and the TDD configuration. It should be noted that the size of this k1 set needs limitations, and the specific details need for further study. In addition, in what form to configure multiple k1 values needs to be discussed. The existing configuration scheme can be a baseline.
[image: ]
Figure3 k1 indication for HARQ-ACK feedback in TDD case (Example 3)
Proposal 3: To solve the collisions in TDD case, the following alternative solutions should be further studied:
· Option1: Solutions to postpone the HARQ-ACK feedback for SPS PDSCH; 
· Option2: Indicate multiple k1 values for the HARQ-ACK feedback;
Proposal 4: If the solution of deferring HARQ transmission is adopted, the time interval between the postponed HARQ-ACK feedback and receiving the corresponding SPS PDSCH should not exceed the maximum value of k1.
Retransmission of cancelled HARQ-ACK feedback
In Release 16, for intra-UE UL transmission multiplexing or prioritization, 2-level PHY priority indication is supported. If there exist conflicts between high-priority UL transmission and low-priority UL transmission, the low-priority transmission is determined to be canceled. However, if this canceled low-priority UL transmission is the PUCCH for HARQ-ACK feedback for eMBB service, it will lead to significant system efficiency loss. Because for the base station, to achieve better system performance and perform an appropriate scheduling mode, HARQ-ACK feedback plays a critical role. And if the HARQ-ACK feedback is not received, the PDSCH retransmission of the eMBB will also cause a large amount of data retransmission. For this case, if the canceled HARQ-ACK feedback can be retransmitted instead of PDSCH retransmission, the spectral efficiency can be improved. Therefore, HARQ-ACK feedback retransmission should be supported. It was concluded in the NR-U discussion of Release 16 that dropping HARQ-ACK caused by LBT failure can be remedied by one-shot HARQ-ACK feedback. Hence, one-shot HARQ-ACK feedback could be a baseline for retransmission of canceled HARQ-ACK.
 Proposal 5: HARQ-ACK retransmission should be supported in Rel-17, and one-shot HARQ-ACK feedback could be a baseline.
3 Conclusions
The following proposals have been made in this document.
Observation 1: HARQ-ACK feedback overhead will be increased due to multiple SPS configurations or shorter periodicity.
Proposal 1: Study solutions for reducing HARQ-ACK feedback overhead corresponding to SPS DL with shorter periodicity.
Proposal 2: ACK skipping and/or NACK skipping mechanism for shorter SPS periodicity or multiple SPS configurations should be supported.
Proposal 3: To solve the collisions in TDD case, the following alternative solutions should be further studied:
· Option1: Solutions to postpone the HARQ-ACK feedback for SPS PDSCH; 
· Option2: Indicate multiple k1 values for the HARQ-ACK feedback;
[bookmark: _GoBack]Proposal 4: If the solution of deferring HARQ transmission is adopted, the time interval between the postponed HARQ-ACK feedback and receiving the corresponding SPS PDSCH should not exceed the maximum value of k1.
Proposal 5: HARQ-ACK retransmission should be supported in Rel-17, and one-shot HARQ-ACK feedback could be a baseline.
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