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Introduction
[bookmark: _Ref178064866]This agenda aims to study and specify enhancements to the UE HARQ procedures that further improve system performance in URLLC scenarios. In the first meeting (RAN1#102-e), initial agreements were made mostly classifying potential options for study and specification. In the second WI meeting (RAN1#103-e), additional progress was made by deprioritizing the initially selected alternatives to further focus future discussions.
In RAN#90-e, the issue of overlapping objectives between R17 eURLLC/FeMIMO/CovEnh was discussed and the following recommendation was endorsed in [2]:
	Proposed RAN conclusion on IIoT scope: 
· For handling of the PUCCH repetitions it is proposed to proceed as follows:
1. RAN1 to continue discussion on PUCCH repetition, whether to specify or not, in the IIoT/URLLC WI for single TRP.
0. The following items are not within scope of the continued discussions in the IIoT/URLLC WI:
0. DMRS-less PUCCH with UCI payload up to 11 bits
0. PUSCH-repetition-Type-B like PUCCH repetition
0. DMRS bundling across PUCCH repetitions
1. PUCCH repetition issues with multi-TRP to be handled in Fe-MIMO WI.
…


[bookmark: _GoBack]In this document, we continue discussion on different enhancement directions with respect to UE HARQ-ACK feedback and provide our views. Views on other aspects of Rel.17 URLLC/IIOT are presented in [3]-[6].
Avoiding SPS HARQ-ACK Dropping in TDD
The issue of potentially frequent HARQ-ACK dropping for SPS in TDD system was acknowledged in Rel.17 and progress was made in this direction in both RAN1#102-e and RAN1#103-e through the following agreements:
	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: To address the issue of SPS HARQ-ACK dropping for TDD systems, focus on the following two options: 
· Option 1: Deferring HARQ-ACK until a next (e.g., first) available PUCCH
· FFS: Details including the definition of a next (e.g., first) available PUCCH, CB construction / multiplexing 
· Option 2: Dynamic triggering of a one-shot / Type-3 CB type of re-transmission
· FFS: Details on triggering and/or CB construction (incl. potential Type-3 CB optimizations) / multiplexing 


In our view, although  Option 1 and Option 2 are listed as alternatives, both need to be specified:
· Option 1 is supposed to handle the conflicts known from semi-static RRC configurations. In the same time allowing such behaviour (i.e. postponing) for dynamic conflicts handling introduces another source of uncertainty between UE and gNB if dynamic indication is not received correctly.
· Option 2 can handle both the conflicts arising dynamically and semi-statically, although if combined with Option 1, only dynamic conflicts may need to be handled.
Proposal 1
· To address the issue of SPS HARQ-ACK dropping for TDD systems, support both Option 1 and Option 2 defined in RAN1#103-e.

Further Details on Option 1
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. Additionally, more than one resource can be provided for this purpose.


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

Proposal 2
· For Option 1, addressing the issue of SPS HARQ-ACK dropping for TDD systems,
· Support configuration of additional PUCCH resource(s) to a UE for searching for the next available PUCCH resource, 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.

Further Details on Option 2 
Usage of HARQ CB Type 3 directly may not be optimal since it is supposed to carry all HARQ processes information in all carriers, while only selective information for all or some DL SPS processes is needed, since other dropped HARQ is under control of a 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.
[image: ]
[bookmark: _Ref47709725]Figure 2. Illustration of the one-shot HARQ-ACK, with two PDSCH groups.

Proposal 3
· For Option 2, addressing the issue of SPS HARQ-ACK dropping for TDD systems,
· Support configuring Type 3 CB to carry only DL SPS HARQ-ACK information on a given carrier;
· Support grouping DL SPS HARQ-ACK processes on a carrier to be multiplexed in a given Type 3 CB.

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;
· Allow gaps between repetitions to handle transients and switching;
· Extract further diversity over the shorter repetitions, e.g. as discussed in MIMO;
· As CovEnh WI scope does not include PUCCH repetition enhancement, R17 URLLC/IIOT can cover general repetition efficiency enhancements even without strict latency constraints.


[bookmark: _Ref47736410]Figure 3. Illustration of enhanced PUCCH repetitions

There are different ways to enhance PUCCH repetitions, discussed in RAN1#103-e:
	· Alt. 1 – Sub-slot based PUCCH repetition (same start / duration / PUCCH resource in each sub-slot, one repetition per sub-slot)
· Alt. 2 – Back-to-back PUCCH repetition (‘PUSCH Rep. B Type’, repetition within a sub-slot) 
· Alt. 3 – Repetitions to support different starting point & duration based on PUCCH configuration



Note, that RAN#90-e conclusion on overlapping objectives between R17 WI excludes Alt.2 from the list, thus only Alt.1 and Alt.3 need to be considered. In our view, Alt. 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.
To enable this enhanced PUCCH repetition mechanism, separate starting symbol and length of symbols for each slot during repetition may be configured by higher layers for a PUCCH resource. In addition, the number of repetitions may also be configured for a PUCCH resource, which would maximize flexibility of time domain resource allocation for PUCCH repetition. For PUCCH carrying dynamic HARQ-ACK feedback, gNB may select a PUCCH resource from a PUCCH resource set with appropriate time domain resource allocation to avoid conflicts with semi-static DL symbols as much as possible. In this regard, complicated procedure on segmentation due to handling semi-static DL symbols and across slot boundary as defined for PUSCH repetition type B may be avoided by gNB scheduling to some extent.

Proposal 4
· Support enhanced PUCCH repetition mechanism resulting in repetitions within a slot or across slots, each repetition possibly having different starting symbol and duration.
· FFS details

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 on 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 5
· 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.

SPS HARQ Skipping
In the last meeting, an agreement related to SPS HARQ skipping for skipped SPS PDSCH was made to narrow down the options for further study:
	Agreements: For the studies on SPS HARQ skipping for skipped SPS PDSCH, the further discussions should focus on the following reduced sets methods:
· ‘NACK skipping’ for (skipped) SPS PDSCH (Alt. 1)
· FFS: details including at least when to skip the HARQ-ACK as well as NACK skipping configuration details (per SPS or group of SPS configurations etc.)
· Note: this alternative assumes inherently no identification of a skipped SPS PDSCH by the UE
· Dynamic indication of skipped SPS PDSCH occasions (Alt. 3)
· FFS: details including dynamic indication methods such as e.g. DCI, MAC CE, specific DM-RS instead of SPS DM-RS, …


In our view, the second bullet option (Alt. 3) should not be pursued due to multiple reasons:
· Introducing a new signal to indicate a skipped PDSCH obviously complicates the resolution of the already complex trade-off between saving HARQ codebook bits and DL overhead for control (PDCCH) or shared channel (PDSCH) which are aimed to carry this indication. In the target scenarios claimed to be beneficial, i.e. frequent SPS occasions with regular PDSCH skipping due to jitter and/or mis-aligned periodicities, the overhead from this indication is going to be substantial thus inevitably degrading the system performance.
· The specific option of DM-RS indication may look attractive from overhead perspective but introduces difficulties on system level so that these DM-RS resources/sequences either cannot be used for scheduling other UEs or can introduce interference, if utilized. The feasibility of this option looks unproven.

Observation 1
· Feasibility and benefits of SPS HARQ skipping for skipped SPS PDSCH based on dynamic indication of skipped SPS PDSCH occasions (Alt. 3) in case of realistic system operation conditions are not proven.

Secondly, ‘NACK skipping’ for (skipped) SPS PDSCH under the assumption of no detection of skipped PDSCH may be considered in a limited number of situations, i.e. when the whole codebook contains NACKs. There are two sub-scenarios:
· Scenario 1: SPS PDSCH skipping at gNB is irregular and infrequent
· This scenario is assumed to be more typical. As it can be analyzed with simple assumptions, depending on the target BLER of the service, the savings in sending such PUCCH may be either small or negligible, because ACKs are generated in 90-99.9999% cases.
· Scenario 2: SPS PDSCH skipping at gNB is frequent. It should be distinguished what is the reason for skipping:
· Jitter: in this case, Alt. 3 of the another set of options for SPS HARQ payload reduction handles such scenarios with more care / clarity
· Unaligned SPS periodicity and service periodicity: in this case, the gNB scheduler could find the best combination between SPS periodicity and the service periodicity to minimize skipped PDSCH occasions by handling part of the SPS occasions by dynamic DCI scheduling
Overall, we are not convinced on potential benefits of this option, however the simple dropping of a PUCCH containing only SPS HARQ-ACK with only NACKs looks acceptable.

Observation 2
· ‘NACK skipping’ for (skipped) SPS PDSCH under the assumption of no detection of skipped PDSCH is beneficial in a limited number of cases, but can be considered as a dropping of a PUCCH containing only SPS HARQ-ACK with only NACKs.
· ‘NACK skipping’ for (skipped) SPS PDSCH under the assumption of no detection of skipped PDSCH should be considered against other options classified as SPS HARQ payload size reduction.

SPS HARQ Payload Size Reduction
There are different enhancements identified last time for further consideration, which assume optimization of HARQ-ACK feedback payload size:
	Agreements: For the studies on SPS HARQ payload size reduction (of non-skipped SPS PDSCH), the further discussions should focus on the following reduced sets of methods:
1. ACK skipping (NACK-only) (Alt. 1)
a. FFS: Details
2. NACK skipping (ACK-only) (Alt. 2)
a. FFS: Details
3. HARQ bundling / compression (Alt. 3)
a. FFS: Details including HARQ bundling / compression window, bundling / compression technique
4. HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
a. The skipping / disabling is higher-layer configured per SPS configuration
b. FFS: HARQ-ACK skipping behaviour for Type 1 CB



In the same time, in many cases such optimization may not work as expected:
· ACK skipping
· This option has strong disadvantages for URLLC system, where missed NACK may be interpreted as ACK.
· NACK skipping
· Pros and cons of this option were discussed in the previous section.
· HARQ bundling / compression
· There is at least one scenario which may exploit the feedback bundling. Particularly, there are traffic patterns which experience jitter or quasi-periodic behaviour. In this scenario, a gNB may not be fully aware in which of 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 (see Figure 4).
· 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. This compression will be without information loss due to traffic characteristics. The occasions for bundling can either be explicitly configured or implicitly derived using HARQ IDs.
· HARQ disabling / skipping for certain SPS configurations
· Could be discussed together with RAN2 so that MAC procedures are not affected



[bookmark: _Ref61866376]Figure 4. Illustration of grouped SPS PDSCH occasions for HARQ-ACK bits bundling

Proposal 6
· For SPS HARQ payload size reduction, support (Alt. 3) grouping of SPS PDSCH occasions which are bundled into a single HARQ-ACK bit.
· Bundling can be performed based on explicit configuration or based on HARQ process IDs.

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
· To address the issue of SPS HARQ-ACK dropping for TDD systems, support both Option 1 and Option 2 defined in RAN1#103-e.

Proposal 2
· For Option 1, addressing the issue of SPS HARQ-ACK dropping for TDD systems,
· Support configuration of additional PUCCH resource(s) to a UE for searching for the next available PUCCH resource, 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 3
· For Option 2, addressing the issue of SPS HARQ-ACK dropping for TDD systems,
· Support configuring Type 3 CB to carry only DL SPS HARQ-ACK information on a given carrier;
· Support grouping DL SPS HARQ-ACK processes on a carrier to be multiplexed in a given Type 3 CB.

Proposal 4
· Support enhanced PUCCH repetition mechanism resulting in repetitions within a slot or across slots, each repetition possibly having different starting symbol and duration.
· FFS details

Proposal 5
· 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.

Observation 1
· Feasibility and benefits of SPS HARQ skipping for skipped SPS PDSCH based on dynamic indication of skipped SPS PDSCH occasions (Alt. 3) in case of realistic system operation conditions are not proven.

Observation 2
· ‘NACK skipping’ for (skipped) SPS PDSCH under the assumption of no detection of skipped PDSCH is beneficial in a limited number of cases, but can be considered as a dropping of a PUCCH containing only SPS HARQ-ACK with only NACKs.
· ‘NACK skipping’ for (skipped) SPS PDSCH under the assumption of no detection of skipped PDSCH should be considered against other options classified as SPS HARQ payload size reduction.

Proposal 6
· For SPS HARQ payload size reduction, support (Alt. 3) grouping of SPS PDSCH occasions which are bundled into a single HARQ-ACK bit.
· Bundling can be performed based on explicit configuration or based on HARQ process IDs.
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