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Introduction
[bookmark: _Ref178064866]During Rel-17 WID preparation discussions, different approaches were discussed in order to improve the HARQ-ACK feedback design compared to the prior releases. For example, possibilities to consider HARQ-ACK feedback enhancements for SPS (e.g., to address excessive HARQ-ACK dropping due to flexible TDD configuration, or to reduce the HARQ-ACK feedback overhead), generic HARQ-ACK reliability (PUCCH/UCI reliability) enhancements, introduction of explicit HARQ-ACK for CG for early termination, etc., were discussed under ‘PHY layer feedback enhancements’ during discussion phases. 
In the agreed WID [1], the objective of this category of enhancements was finalized as follows:
	1. Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
a. UE feedback enhancements for HARQ-ACK [RAN1]
b. CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
Note: DMRS-based CSI feedback is not in scope of this WI 


In the last meeting RAN1#102-e, a progress was made, and the following agreements were made:
	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



In this document, we further discuss different potential enhancement directions with respect to UE HARQ-ACK feedback and provide our views in terms of necessity to pursue each such direction.
Avoiding SPS HARQ-ACK dropping in TDD
It has been anticipated that according to Rel-16 design, the DL SPS HARQ-ACK feedback are more likely to be excessively dropped due to shorter SPS periodicities, i.e., as short as 1 slot and/or having multiple SPS configurations in a TDD system especially with asymmetrical DL-heavy configurations.
In the last meeting, the issue was acknowledged by an agreement which expects RAN1 to specify mechanisms of reducing/avoiding the issues of SPS HARQ-ACK dropping due to collisions with DL symbols or Flexible symbols which can be DL.
Among the options, there are proposals to postpone SPS HARQ-ACK feedback to a later valid occasion. However, a more general mechanism would be to provide a UE with a different PUCCH resource and a different K1 value. In this case, there may be even a possibility to find PUCCH resources in the same slot by changing the PUCCH starting symbol and length. Additional K1 value indication can also be provided, which extends possibility of using PUCCH resource in later slots. In Figure 1, as it can be seen instead of the original PUCCH resource a UE can try another PUCCH resource provided by gNB when activating or configuring DL SPS configuration. It can be associated with the same K1 or with its own K1. Further, more than one resource can be provided for this purpose.


[bookmark: _Ref54280061]Figure 1. Providing additional PUCCH resource for DL SPS HARQ-ACK

Proposal 1
· Support configuration of additional PUCCH resource(s) with possibly different PUCCH format, start symbol, length symbol, K1 value for DL SPS HARQ-ACK
· The additional PUCCH resource can be used whenever the original PUCCH resource could not be mapped due to collision with DL symbols or flexible symbols if SFI is not configured, FFS case if SFI is configured

However, usage of the additional PUCCH resource(s) may not completely avoid HARQ-ACK dropping or may complicate handling when dynamic change of UL-DL direction in the symbol is possible. In these cases, it is relatively simple to exploit the HARQ-ACK retransmission mechanisms defined in R16 NR-U, namely HARQ CB Type 3 and NNK1, adapted for this scenario.
Usage of HARQ CB Type 3 directly may not be optimal since it is supposed to carry all HARQ processes in all carriers information, while only selective information for all or some DL SPS processes is needed, since other dropped HARQ is under control of gNB in licensed spectrum. Therefore, some enhancements in this direction may be needed, e.g. configuring Type 3 CB to only carry HARQ-ACK information for DL SPS in a given carrier. Furthermore, SPS configurations/occasions could be grouped for a more focused Type 3 CB transmission of a sub-set of DL SPS HARQ processes.
Furthermore, some of the SPS configurations may be provided with NNK1, so that the feedback is multiplexed together with other feedbacks having numerical K1. In this case, a postponing behavior is naturally achieved.
[image: ]
[bookmark: _Ref47709725]Figure 2. Illustration of the one-shot HARQ-ACK, with two PDSCH groups.

Proposal 2
· Support Type 3 CB carrying DL SPS HARQ-ACK information on a given carrier.
· Support NNK1 for DL SPS HARQ-ACK.

PUCCH Repetition Enhancements
In the last meeting, repetition of PUCCH carrying HARQ-ACK, e.g. sub-slot repetitions, was agreed for further consideration. In this section, we provide more discussion on this topic.
The motivation to introduce enhancements for PUCCH repetitions is similar to that of enhanced PUSCH repetition Type B:
· Utilize as much as possible the available time budget to transmit UL signal with minimum alignment time. Current R15-like PUCCH repetition is only possible on slot level, and only when there is sufficient number of UL symbols to repeat the PUCCH with the same starting symbol and duration. If PUCCH repetitions are enhanced, it may become possible to utilize all the available symbols within the budget for feedback transmission, improving link budget.
· Allow per repetition PUCCH dropping, also increasing robustness to collisions e.g. intra-UE, inter-UE, UL-DL, etc.
· Extract further diversity over the shorter repetitions, e.g. as discussed in MIMO.
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[bookmark: _Ref47736410]Figure 3. Illustration of back-to-back PUCCH repetitions

There are different ways to enhance PUCCH repetitions:
· Option 1: Enable (optimally) sub-slot PUCCH repetition of an indicated/configured number of occasions. It has been decided that sub-slot PUCCH repetition is not supported in R16, although may already be possible, possibly under certain conditions, by a combination of parameters.
· Option 2: Enable repetitions of PUCCH in back-to-back manner, similar to PUSCH repetition type B. Although there is a specified example of PUSCH repetitions, direct application of it to PUCCH is not possible. For example, “actual” repetitions of PUCCH may substantially differ by length thus creating issues with the underlying PUCCH formats associated with different length. It may not be possible to combine PUCCH repetitions realized by different PUCCH formats. In the same time, preclusion of such different length (or substantially different) repetition may require unpredictable specification effort.
· Option 3: Generalize PUCCH repetitions by separately configuring starting symbols and length per repetition or a group of repetitions. In our view, Option 3 has the most potential in handling the related procedures. It also better supports use cases being discussed in MIMO and CovEnh items, while sub-slot repetition option may only target URLLC use cases.

For Option 3, it can be further considered to enhance PUCCH resource definition as a sequence of resources with separately provided start, length, or even format.

Proposal 3
· Support enhanced PUCCH repetition mechanism resulting in repetitions within a slot or across slots, each repetition possibly having different starting symbol and duration.

An integral part of the enhanced PUCCH repetition should also be a dynamic indication of the number of repetitions. In this case, the paradigm of utilizing the available delay budget is followed, so that gNB can allocate the appropriate effective total PUCCH duration based in current scheduling decisions.
The dynamic indication of PUCCH repetitions may be realized by extending the definition of a PUCCH resource. In the example of Option 3 above, also the number of separately configured PUCCH repetition settings can directly provide the number of repetitions of the PUCCH addressed by a given PRI.

Proposal 4
· Support enhanced PUCCH repetition mechanism with dynamic indication of the total PUCCH duration, i.e. dynamic indication of number of repetitions.
· PUCCH resource ID in this case points to the number of PUCCH repetitions associated with the triggered PUCCH format.

HARQ-ACK compression
There are different enhancements identified last time for further consideration, which assume optimization of HARQ-ACK feedback payload size. In the same time, in many cases such optimization may not work as expected:
· Dropping of PUCCH with all NACK for DL SPS. Although the motivation and implementation is clear, we consider it as a rare case overall. URLLC is mostly working in low BLER regime which results in rare NACK-s overall, except the cases of skipped PDSCH.
· NACK-only feedback or ACK-only feedback. 
· Skipping of feedback for ‘skipped’ PDSCH. In most of the proposals, PDSCH presence detection is assumed. We believe that giving a UE different options to construct CB based on PDSCH detection is not a proper design choice. PDSCH presence detection reliability has not been studied, and the system may end up degrading based on false PDSCH detections instead of gaining in HARQ-ACK CB size reduction.
In summary, we don’t see how generic HARQ-ACK skipping mechanisms can benefit the system. However, there is at least one scenario which may exploit the feedback bundling. In particular, there are traffic patterns which experience jitter or quasi-periodic behaviour. In this scenario, a gNB may not be fully aware in which of a consecutive M PDSCH resources / slots a new packet to be transmitted, and it allocates M consecutive resources assuming only one of them will be utilized for a UE.
In the described scenario, there will be at most one ACK generated for M PDSCH occasions. Instead of allocating M bits in the HARQ CB, the gNB can indicate to the UE that it can group PDSCH occasions and apply the logical operator “OR” to the HARQ-ACK bits.


Figure 4. Illustration of grouped SPS PDSCH occasions for HARQ-ACK bits bundling

Proposal 5
· Support grouping of SPS PDSCH occasions which are bundled into a single HARQ-ACK bit.

Conclusions
In this contribution the UE HARQ feedback enhancements targeting URLLC/IIOT scenarios in Release 17 have been presented. Based on analysis and discussion, the following observations and proposals have been made:

Proposal 1
· Support configuration of additional PUCCH resource(s) with possibly different PUCCH format, start symbol, length symbol, K1 value for DL SPS HARQ-ACK
· The additional PUCCH resource can be used whenever the original PUCCH resource could not be mapped due to collision with DL symbols or flexible symbols if SFI is not configured, FFS case if SFI is configured
Proposal 2
· Support Type 3 CB carrying DL SPS HARQ-ACK information on a given carrier.
· Support NNK1 for DL SPS HARQ-ACK.
Proposal 3
· Support enhanced PUCCH repetition mechanism resulting in repetitions within a slot or across slots, each repetition possibly having different starting symbol and duration.
Proposal 4
· Support enhanced PUCCH repetition mechanism with dynamic indication of the total PUCCH duration, i.e. dynamic indication of number of repetitions.
· PUCCH resource ID in this case points to the number of PUCCH repetitions associated with the triggered PUCCH format.
Proposal 5
· Support grouping of SPS PDSCH occasions which are bundled into a single HARQ-ACK bit.
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