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[bookmark: _Hlk525601705][bookmark: _Hlk525602213][bookmark: _Hlk510705081]The work item on enhanced Industrial Internet of Things (IIoT) and URLLC support initiated on RAN1#102-e, agenda item 8.3. The following agreements were made in RAN1#102-e related to HARQ-ACK feedback enhancements in AI 8.3.1.1 as reflected in the Chairman’s notes: 
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:
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 contribution, we further elaborate on the above issues (i.e. those agreed to be supported or further studied) building on the discussion that took place in RAN1#102-e (summarized in R1-2007354) and present corresponding proposals and observations.
Dropping of SPS HARQ-ACK feedback in TDD operation
It has been agreed in RAN1#102-e to support enhancements to avoid SPS HARQ-ACK dropping for TDD due to PUCCH collision with at least one DL or flexible symbol. Several techniques were proposed by different companies in RAN1#102-e, including: 
1. Deferring HARQ-ACK until the first available valid PUCCH resource
2. gNB dynamic indication of one or more transmission opportunities for the postponed HARQ-ACK to UE
3. Indicating K1 value for each SPS transmission in a time window configured by RRC
4. Support one-shot HARQ-ACK request (i.e. Type 3 CB) for group of SPS HARQ processes
5. Support non-numerical (i.e. NN k1) for DL SPS operation in licensed spectrum
6. UE to select the first applicable k1 value from a set of configured k1 values to allow HARQ-ACK load balancing
7. Autonomous HARQ-ACK resending or to multiplex the dropped HARQ-ACK information to the different HARQ-ACK information
Roughly speaking, the above solutions can be classified into i) new ways for mapping SPS PDSCH HARQ-ACK to PUCCH resources (as compared to the fixed k1 timing known from Rel16 and Rel15), such as solutions 1, 3, and 6 in the list above; and ii) mechanisms to ‘collect’ SPS HARQ-ACK feedback potentially aided by dynamic signaling, i.e. solutions 2, 4, and 5. Firstly, given the semi-static nature of SPS, we don’t see convenient (nor logical) to rely on dynamic mechanisms to solve this problem. For instance, solution 4 would require transmitting one DCI every few slots (e.g. every fifth slot for a ‘DDDDU’ TDD frame configuration’) to trigger a Type 3 CB to collect the HARQ-ACK feedback of the SPS PDSCHs. Similar thing occurs with solution 5, i.e. NN k1, with the main difference that gNB needs to schedule not only the DCI but also a corresponding dynamic PDSCH with valid (i.e. numerical) k1 value. These dynamic approaches increase overhead and are prone to errors and thus are not preferred. 
Observation 2.1: Using dynamic signaling to collect SPS HARQ-ACK feedback (e.g. NN k1 or Type-3 CB mechanisms from NR-U) is not appropriate for solving the problem of dropping of SPS HARQ-ACK feedback in TDD operation due to high overhead and error-proneness.
Given this, mechanisms requiring very limited (or none) dynamic signaling are preferred. Under this category, Option 1 consisting on postponing or deferring the SPS HARQ-ACK feedback to the next available UL slot/sub-slot or valid PUCCH 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, e.g. the first UL slot (7th slot in the frame). This large and unbalanced codebook size compromises the PUCCH reliability and may 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 2.2: The options of deferring HARQ-ACK until the first available valid PUCCH resource do not provide sufficient flexibility of mapping HARQ-ACK to PUCCH resource. 
In contrast, Option 3 (Figure 2.1) 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).
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[bookmark: _Ref47611951]Figure 2.1: Option 3 - indicating K1 value for each SPS transmission as proposed in R1-2005431.

To reduce the configuration overhead, while still allowing similar SPS HARQ-ACK feedback mapping flexibility, one alternative as suggested with Option 6 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 2.2(a) and 2.2(b) illustrates an Option 6 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 2.2a) or {2,3} allows to best balance the HARQ-ACK bits across the two UL slots, whereas K1 = {1, 2, 3} (Figure 2.2b) 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 2.1: 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 2.2: Option 6 - example K1 configurations for different UL/DL TDD slot formats.


SPS HARQ skipping for ‘skipped’ SPS PDSCH
At RAN1#102-e, it was agreed to further study “SPS HARQ skipping for ‘skipped’ SPS PDSCH”, with the aim to prevent (at least) unnecessary PUCCH transmissions by the UE, which leads to unnecessary UE power consumption as well as unnecessary UL interference, as pointed out the proponents of related enhancements. There had been further discussions in the final moderator / FL summary in Sec. 2.5.2 in R1-2007354, where some of the questions are discussed in here. 
The first point to be discussed is, if the UE should identify the skipped SPS PDSCH and if this is possible in the first place (based on which assumption), and/or if some additional signalling or indication mechanisms are to be applied; or alternatively if ‘skipped SPS PDSCH’ could be treated in the same way as a not correctly received SPS PDSCH by e.g. simply enabling ‘NACK skipping’.
First of all, we don’t really think blind SPS PDSCH skipping detection can really work well as e.g. the gNB may be scheduling PDSCH to another UE using the same resources (and potentially using the correspondingly DM-RS sequence, if the PDSCH start would be aligned) to not leave such resources unused (i.e. cell efficiency). This is very much in contrast to CG PUSCH in UL, where the gNB after having configured / activated the transmission may or may not expect an UL transmission from the UE depending on the UE’s UL skipping. Therefore, neither the DM-RS presence detection nor the ‘PDSCH symbol presence’ can really work here. There had been proposals to e.g. use a different DM-RS to indicate the SPS PDSCH is skipped – but then one may ask here really what the advantage is compared to just having NACK skipping configured for (at least certain) SPS PDSCH configurations, as this may restrict the gNBs ability to re-use the SPS PDSCH resources for transmissions to other UEs. Clearly, from cell efficiency perspective having related gNB scheduling restriction which are not present in earlier releases just to allow blind SPS PDSCH skipping detection by the UE seems to not make very much sense. 
In addition, the question would be what would happen if the UE’s skipping detection algorithm would make some wrong judgement – i.e. if the UE has a wrong understanding if the SPS PDSCH is present or not. In case the UE would assume the SPS PDSCH has been skipped (but actually had been transmitted), the UE may not receive the SPS PDSCH (i.e. doesn’t even try to detect the SPS PDSCH) and therefore would potentially also not store any related soft-channel bits. This would affect the re-transmission performance (and operation of the gNB) as the gNB would basically need to re-start its overall transmission of the TB reducing the efficiency (and potentially increasing the latency). And at least with Type 1 CB (if also other PDSCH has been received), the gNB will not be able to distinguish the case of decoding failure or the UE assuming skipped SPS PDSCH and will not be able to act accordingly. As a consequence, it seems to be essential for DL SPS performance for the UE to try decoding / store soft-channel bits even though it had identified the SPS PDSCH as skipped. 
For the second case, i.e. SPS PDSCH has been skipped but assumed to be present by the UE (e.g. DM-RS false-positive detection error), the UE would transmit the ‘NACK’ resulting either in a wrong CB size or alternatively in the UE transmitting PUCCH (which should have been skipped) which could lead to PUCCH collisions if the gNB would use the PUCCH resource for some other UE. So overall, a wrong assumption on the skipped SPS PDSCH will create issues for the gNB there. 
So overall, the following can be noted: 
Observation 3.1: Supporting blind SPS PDSCH presence / skipping detection creates severe gNB DL scheduling restrictions to enable such detection in the first place. Wrong UE assumption (errors in the skipping detection) may lead to detrimental DL performance, wrong CB size assumption or create unwanted PUCCH collisions. 
So overall, we do not see really any advantage of having an identification step whose feasibility and reliability is questionable compared to just treating skipped SPS and SPS ‘NACK’ in the same way. Moreover, such assumption will lead to better predictability for the gNB, will reduce the UE implementation impact (as no further detection step would be needed) as well as simplify the specification effort (no skipping test cases - RAN4/RAN5 involvement). And it should not be forgotten, that if there would be a lot of SPS PDSCH skipping the gNB may better operate with dynamically scheduled PDSCH in the first place. 
Proposal 3.1: If HARQ skipping for ‘skipped’ SPS PDSCH is to be supported, simple ‘NACK skipping’ without any additional skipping identification step is to be selected.  
The issue to be discussed is, if this applies equally to all SPS configurations or if this should be configurable for each SPS configuration independently. Clearly, having the configurability per SPS configuration is more flexible and would be more aligned with the idea behind it that for certain SPS configurations SPS PDSCH may be skipped whereas for others, there may be no intention to perform SPS HARQ skipping. Moreover, there is clearly a difference in DTX-to-ACK compared to NACK-to-ACK errors on PUCCH. As a consequence, for highly reliable SPS PDSCH configurations the gNB may want to operate without the skipping whereas for some other SPS PDSCH configurations the DTX-to-ACK performance may be sufficient. As a consequence, we propose this is configurable per SPS configuration. 
Proposal 3.2: If HARQ skipping for ‘skipped’ SPS PDSCH is to be supported, the configuration of the HARQ skipping for skipped SPS PDSCH is separately configurable for each SPS configuration.
Finally, as already discussed during RAN1#102-e, the question is what the HARQ skipping actually means when considering the different cases of having potentially skipped HARQ and non-skipped HARQ present in a codebook.
· For Type 1 CB if skipped and non-skipped HARQ is present, the codebook size is not affected by the skipping procedure. As a consequence, the HARQ skipping procedure should not be applied for this case independently if the HARQ is mapped on PUCCH or PUSCH. 
· For Type 2 CB if skipped SPS HARQ and non-skipped HARQ (of DG PDSCH or any other SPS HARQ) is present, wrong skipping assumptions (if skipping detection is supported) or wrong decoding will lead to a different assumption on the overall CB size increasing gNB complexity (i.e. multiple hypotheses on CB size for the rate-matching). As this increases the gNB complexity additionally and the advantages are rather minor (i.e. smaller codebook size by the skipped SPS PDSCH bits), we think that also for this case the HARQ skipping should not be supported independently if the HARQ is mapped on PUCCH or PUSCH. 
· If only skipped SPS HARQ is present (for Type 1 or Type 2 CB), clearly an omitted PUCCH transmission will give some advantages here in terms of UL interference and UE power consumption (as the PUCCH does not need to be transmitted). If there would be other UCI mapped on the PUCCH (such as SR / CSI) or if the HARQ-ACK is to be mapped on an overlapping PUSCH, the advantages of the HARQ skipping are not really present there. As a consequence, we think the HARQ skipping for ’skipped’ SPS PDSCH should be overall limited to the case of having HARQ mapped to PUCCH and no other UCI is to be mapped than the ’skipped’ SPS PDSCH HARQ. 

Proposal 3.3: If HARQ skipping for ‘skipped’ SPS PDSCH is to be supported, the HARQ skipping procedure is to be limited to the single case of only skipped HARQ for skipped SPS PDSCH is to be reported on PUCCH. For all other cases, such as other HARQ or other type of UCI to be mapped to PUCCH/PUSCH or if skipped HARQ for skipped SPS PDSCH is the only UCI to be mapped to PUSCH, the UE should not skip the HARQ transmission / mapping.

Enhancements for SPS HARQ-ACK payload 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. In Section 3, general NACK-skipping (for both ‘skipped' and incorrectly received SPS PDSCH) was discussed and regarded as an effective way to reduce the SPS HARQ-ACK feedback especially for cases where not all the SPS PDSCH occasions may be used by the gNB. 
In addition to NACK-skipping, we also see benefits of allowing HARQ-less operation for further reduction of the SPS HARQ. This enhancement is especially relevant for very low latency and high reliability use cases, e.g. 0.5ms latency and 99.9999% reliability, where there is not enough time for HARQ re-transmissions and any NACK would likely be a violation of the pre-agreed service requirements. Compared to NACK-skipping, HARQ-less has some other benefits such as expected low specification effort and larger potential for reducing the total amount HARQ-ACK feedback overhead (since the HARQ can be always skipped even if it would be multiplexed with other HARQ-ACK information without creating uncertainty in terms of HARQ payload size). 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.
Proposal 4.1: For SPS PDSCH HARQ-ACK feedback reduction, the gNB can semi-statically disable HARQ-ACK feedback for one or multiple SPS configurations. 

On the need of PUCCH repetition enhancements for URLLC/IIoT
Slot-based PUCCH repetition is supported in NR since Rel-15 to improve coverage of the UL control channel. As part of the Rel-16 URLLC WI, the support of more than one HARQ-ACK feedback occasion per slot has been introduced by introduction of ‘sub-slot’ based PUCCH config, where two 7OS and seven 2OS sub-slots are supported. The feature parity of PUCCH repetition with sub-slot PUCCH has been discussed as part of Rel-16 maintenance but it was finally during RAN1#102-e concluded to not support this in Rel-16. 
Sub-slot based PUCCH repetition is also discussed as part of the Rel-17 Coverage Enhancements SI and the Rel-17 feMIMO WI in the multi-TRP context. There had been discussion during RAN#89e if this overlapping focus could be prevented but RAN will continue the related discussions during Dec. RAN / RAN#90e. Therefore, we think the discussions on PUCCH repetition could be potentially handled with lower priority in this AI during RAN1#103e. 
Proposal 5.1. Treat the sub-slot PUCCH repetition with lower priority in this AI during RAN1#103e, as the overlapping focus discussions on PUCCH repetition enhancements is still pending in 3GPP RAN.
Some company contributions to Rel-17 URLLC motivate the support of PUCCH repetition for sub-slot PUCCH with the required reliability of HARQ-ACK for high reliability communication. First, one would recognize that the reliability of HARQ-ACK reporting does not need to be on the same level as the required PHY PDSCH reliability as the overall PDSCH reliability is defined by the combination of the chosen PDSCH BLER operation point combined with the HARQ-ACK reliability, as discussed during the Rel-16 URLLC SI. Therefore, we see the potential support of sub-slot PUCCH repetition more to support feature parity of slot & sub-slot based PUCCH config than a real need from URLLC perspective. 
This is even more clear when looking at the effects on latency that (sub-slot based) PUCCH repetition introduces which seems to be counterproductive. As a repeated PUCCH will cancel any overlapping PUSCH transmission (on any UL serving cell), PUCCH repetition will introduce PUSCH scheduling restrictions leading to increased UL / PUSCH latency. But also for PDSCH with HARQ-ACK of the same PHY priority, there will be limitations in the ‘scheduling’ of the HARQ-ACK as HARQ-ACK of a new PDSCH would need to be delayed till after the end of an earlier PUCCH repetition bundle increasing the HARQ-ACK latency. Therefore, at least from PUSCH latency perspective it would be more of advantage to map the HARQ on ‘longer/larger’ PUCCH formats and decreasing the maximum supported PUCCH coding rate as proposed by CMCC in R1-2006207, as then the HARQ-ACK information could still be multiplexed on PUSCH resulting in lower PUSCH latency. But this is currently not really possible at least for 2OS sub-slot PUCCH, as based on the Rel-16 sub-slot PUCCH design a PUCCH resource crossing the sub-slot boundary is not supported.
Observation 5.1: The motivation to support sub-slot based PUCCH repetition from URLLC perspective seems to be rather limited, as PUCCH repetition has negative impacts on the PUSCH and PDSCH (re-transmission) latency.
As the motivation for URLLC (at least with single TRP operation, resulting only in power but no diversity gain) is rather limited, if PUCCH repetition is to be supported for URLLC, the intention should be only to provide feature parity of basic PUCCH repetition with the Rel-16 sub-slot PUCCH. 
Proposal 5.2: If the sub-slot PUCCH repetition support (limited to single TRP operation) is to be introduced as part of the Rel-17 URLLC WI, due to the limited motivation for URLLC, the support is to be focused on feature parity of Rel-16 sub-slot PUCCH with Rel-15 PUCCH repetition operation by applying the Rel-15 slot-based PUCCH repetition framework directly. 
As discussed by several contributions, if 2OS sub-slot PUCCH repetition is to be supported, this would require the repetition support for short PUCCH formats (i.e. PUCCH formats 0 & 2). As pointed out above, using a larger /longer PUCCH with a lower coding rate could provide advantages from URLLC perspective, but as a single PUCCH resource to cross the sub-slot boundary is (at least currently) not supported, the repetition of also the short formats 0 & 2 would need to be supported. 
Observation 5.2: If the sub-slot PUCCH repetition support (limited to single TRP operation) is to be introduced as part of the Rel-17 URLLC WI, the handling of 2OS sub-slot PUCCH may require the support of repetition of short PUCCH formats (i.e. PUCCH formats 0 & 2). 
The last issue brought up by several companies is the support of dynamic PUCCH repetition indication compared to the currently supported semi-static RRC configuration of PUCCH repetition. The claimed motivation here mainly coming from the fact that e.g. there may be only a need for higher reliability for URLLC HARQ-ACK but no need for eMBB HARQ-ACK repetition. While we acknowledge this motivation here, one of course would need to consider here that we introduced in Rel-16 URLLC two PUCCH configs with PHY priority of 0 & 1. As these two PUCCH configurations can be independently configured (incl. the PUCCH repetition factor), different PUCCH repetition factors for URLLC and eMBB are already supported. Thus, from URLLC reliability and URLLC / eMBB service differentiation perspective, we do not see an imminent need for dynamic PUCCH repetition indication in the DCI scheduling PDSCH for Rel-17 URLLC. The only potential benefit that a dynamic PUCCH repetition indication from URLLC perspective could bring is actually to limit the negative impacts on latency discussed above as the gNB may dynamically enable the PUCCH repetition only e.g. in case no UL traffic is expected / PUSCH is to be scheduled with low latency – i.e. dynamically trading off PUCCH reliability (using PUCCH repetition) with PDSCH/PUSCH latency (not applying PUCCH repetition). Clearly, more discussions on this are required in RAN1 on this issue if sub-slot based PUCCH repetition is to be supported for Rel-17 URLLC including issues such as how and if to multiplex HARQ-ACK with different PUCCH repetition factors to the same PUCCH repetition bundle. 
Observation 5.3: URLLC PUCCH reliability and URLLC/eMBB service differentiation do not motivate the introduction of dynamic PUCCH repetition indication in the DCI scheduling PDSCH. From URLLC perspective, the motivation for supporting dynamic PUCCH repetition indication comes mainly from the possibility to dynamically balance the HARQ-ACK reliability and PDSCH/PUSCH latency.  
    
[bookmark: _Hlk54109260]Retransmissions of dropped HARQ-ACK
RAN1 #102e agreed that transmission of cancelled HARQ-ACK is to be studied as a possible enhancement for Rel-17:  
  
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
Motivation of the studies:
In RAN1 #102-e discussions, opinions were presented for retransmission of both cancelled high and low priority (HP and LP) HARQ-ACK. Retransmission of LP HARQ-ACK can be seen important for avoiding unnecessary PDSCH re-transmissions when PUCCH or PUSCH carrying LP HARQ-ACK is cancelled due to collision with HP UL transmission. LP HARQ-ACK may be cancelled so frequently that avoiding unnecessary PDSH retransmissions may significantly improve the DL capacity. On the other hand, the use case and benefit of HP HARQ-ACK retransmission is less clear. HP HARQ-ACK transmission may be dropped due to overlapping with a DL symbol or when PUSCH transmission including the HP HARQ-ACK is cancelled by CI (in DCI format 2_4, but also here the UE may be configured to apply the UL CI only for LP PUSCH and not HP PUSCH). Overlapping with DL can be avoided when the HARQ feedback is for dynamically scheduled PDSCH and for SPS the retransmission methods discussed in Section 2 are available. Therefore, it can be assumed that cancellation of HP HARQ-ACK transmission happens much less frequently than cancellation of LP HARQ-ACK.   
Observation 6.1: The use case and benefit of retransmission of high priority HARQ-ACK is less clear whereas retransmission of low priority HARQ-ACK can be assumed to be beneficial for substantial saving of DL resources.
Although the use case or benefit of HP HARQ-ACK retransmission is not apparent, specifying a solution for LP HARQ-ACK retransmission but not for HP HARQ-ACK retransmission may be cumbersome, or the procedure may be easily extended to include retransmission of both HP and LP HARQ-ACK (for instance, from the retransmission methods listed below, Type 3 codebook simply includes feedback for all HARQ processes and modifying it for only LP feedback sending would mean more complex procedure). On the other hand, we do not see it as reasonable neither to specify support only for HP HARQ-ACK retransmissions nor to optimize the re-transmission operation specifically for HP HARQ-ACK.    
Proposal 6.1: If retransmission of cancelled HARQ-ACK will be specified, support for low priority HARQ-ACK retransmissions must be included. No optimizations specifically for HP HARQ-ACK should be specified.
Retransmission methods:
Several alternatives were proposed in RAN1 #102e, which are summarized in the moderator’s summary in Sec. 6.1 of R1-2007354. A popular approach is to utilize NR-U specification for retransmission of HARQ-ACK cancelled due to LBT failure (Type 3 or enhanced Type 2 HARQ-ACK codebook) or postponed for future channel reservation (non-numerical K1). In the following we discuss how these NR-U methods suit for URLLC.   
Type 3 HARQ-ACK codebook 
The codebook includes HARQ-ACK feedback for all HARQ processes in all configured cells. Transmission of the codebook is triggered by a One-shot HARQ-ACK request field with value 1 in a DCI that also indicates the feedback timing and resource. Two modes of operation have been specified. In Mode 1, a HARQ-ACK bit is reported only once: For HARQ processes whose bit has already been sent once the feedback is set to NACK. In Mode 2, HARQ-ACK bit(s) of a TB are sent together with an NDI bit, which may double the number of bits. The procedure does not make a difference between HARQ processes used for dynamically scheduled or SPS PDSCH. Feedback for SPS release is not included to the codebook as there is no corresponding HARQ process. In this case, the gNB can just repeat the PDCCH releasing an SPS configuration in the rare case that acknowledgement of the release is not received, which is not a critical problem.
The existing specification seems readily available for IIoT/URLLC HARQ-ACK enhancements as such but enhancements allowing CB size reduction are worth considering. An enhancement could be to extend the HARQ-ACK request field for indicating which fraction of HARQ processes are included in the report. In the simplest example, network could tend to use HARQ processes up to a certain index for low priority traffic and only feedback of those processes would be included in the Type 3 codebook. More complex schemes are naturally possible: Multiple fractions of all HARQ processes could be configured and DCI would indicate which fraction of processes the codebook is generated for.       
Observation 6.2: The existing specification of Type 3 HARQ-ACK codebook is in principle readily available as an IIoT Rel-17 HARQ enhancement. However, additional enhancements for codebook size reduction may be beneficial.     
Enhanced Type 2 HARQ-ACK codebook
In this method a DCI indicates PDSCH belonging to a first or a second PDSCH group and the DCI also shows if the HARQ feedback is requested only for the group whose PDSCH is scheduled by the DCI or also for the PDSCHs of the other group. For instance, if a low priority PDSCH transmission is indicated to belong (e.g.) in PDSCH group 0, and HARQ-ACK for that PDSCH cannot be transmitted because of a collision with high priority UL transmission, HARQ-ACK retransmission for the PDSCH may take place according to a later DCI that does not indicate a feedback reset for group 0 (NFI not toggled) and schedules PDSCH for group 0 or schedules PDSCH for group 1 requesting also HARQ-ACK feedback for group 0.   
A benefit of enhanced Type 2 codebook is smaller codebook size compared to Type 3. Compared to Type 3 codebook, a drawback is that there is no (yet) support for SPS HARQ-ACK retransmission. Such support would be essential with URLLC. Moreover, enhanced Type 2 codebook will double the number of CBs the UE and gNB need to maintain and therefore leads to a large increase in complexity (please note, that the PHY priority already doubled the number of CBs in Rel-16 compared to Rel-15). Due to the reliability provided by the fixed CB size, Type 1 codebook may be preferred in URLLC, and then enhanced Type 2 CB does not help whereas Type 3 codebook would be available also in this situation.
Observation 6.3: Enhanced Type 2 codebook does not currently support SPS HARQ-ACK retransmission, would increase complexity considerably and does not help with retransmissions when Type 1 codebook is used.
Non-numerical K1
Non-numerical K1 (NN-K1) means that DCI scheduling PDSCH does not indicate timing of corresponding HARQ-ACK feedback transmission but the feedback is stored to be sent according to the next DCI with numerical K1. With NR-U, the main benefit of NN-K1 is to provide HARQ feedback when UL transmission does not fit to the present COT and it is not known when the next transmission opportunity appears. In case of URLLC, NN-K1 could be beneficial for postponing low priority HARQ-ACK to be transmitted at a later suitable time that is not known when the low priority PDSCH is scheduled. 
The method is suitable only with Type 2 HARQ-ACK codebook, and SPS operation with NN-K1 is currently not supported. 
Observation 6.4: Considering URLLC, NN-K1 has limitations that it does not work with Type 1 HARQ-ACK codebook and operation with SPS is open. 
In summary, Type 3 codebook is a straightforward way of feedback retransmission while enhanced Type 2 and non-numerical K1 do not support retransmissions in all situations. Therefore, we propose:
Proposal 6.2: Extend the use of Type 3 codebook for IIoT to enable retransmissions of dropped HARQ-ACK. Study ways of reducing / limiting the Type 3 codebook size.   
Additional ways for triggering retransmission of dropped HARQ-ACK
In addition to triggering the retransmission of dropped HARQ-ACKs via DL assignment, one could also consider using DCI scheduling UL grant or even some semi-static configuration in order to allow the retransmission of dropped HARQ-ACK e.g. on PUSCH.
Contrary to the NR-U methods discussed previously, enabling the above operation could save downlink control overhead, e.g. when the HARQ-ACK is dropped due to dropping a PUSCH on which this HARQ-ACK was supposed to be piggybacked; but also if anyway an UL grant for the (re)transmission of a TB is needed. Indeed, for such cases, since there will be anyhow either a retransmission grant issued by the gNB or autonomous retransmission for retransmitting the dropped TB on PUSCH, then the dropped HARQ-ACK could also be piggybacked on this PUSCH. This operation could be either enabled via DCI scheduling UL grant and/or through RRC configuration e.g. for CG PUSCH.
Observation 6.5: Triggering retransmission of dropped HARQ-ACK via DCI scheduling UL grant and/or via semi-static configuration at least for CG PUSCH could decrease the downlink control overhead.
For the above operation of retransmitting dropped HARQ-ACK, in addition to having to piggyback dropped HARQ-ACK on PUSCH, there could be another UCI of same or different type and/or priority that needs to be multiplexed on this PUSCH. Such scenarios would need to be handled based on some e.g. prioritization rules.
Based on the above discussion, we propose the following:
Proposal 6.3: Study triggering the retransmission of dropped HARQ-ACK on PUSCH via DCI scheduling UL grant and via semi-static configuration (at least for CG PUSCH).
Type-1 HARQ-ACK Codebook size reduction 
Currently, there is no full support of Type-1 HARQ-ACK codebook for sub-slot PUCCH configuration in the current Rel-16 specifications (38.213, v16.3.0). We propose to support the Type 1 CB still in Rel-16, based on our draft CR in R1-2008298. Therefore, the discussion below on Type-1 HARQ-ACK codebook size reduction assumes that full support of Type-1 HARQ-ACK codebook for sub-slot PUCCH configuration is already supported in Rel-16. 
The Type-1 HARQ-ACK codebook is designed for predictable codebook size determination at both the UE and gNB by reflecting all possible indications for PDSCH allocations. The codebook is therefore a strong tool for detection of missed PDSCH indications and for URLLC traffic scheduling in general. The drawback of the current Type-1 HARQ-ACK codebook construction algorithm is, however, that the codebook size can become very large when used for URLLC traffic and with sub-slot PUCCH. The Type-1 HARQ-ACK codebook size depends on several factors such as: 
· The HARQ-ACK multiplexing window, i.e. how many UL (sub-)slots are indicated in dl_dataToUL_ACK (K1). The gNB may configure multiple K1 values to satisfy various HARQ-ACK feedback latencies, e.g. when serving different traffic types of URLLC with different latency requirements and/or to prevent HARQ-ACK dropping for TDD operation.
· The configured TDRA table(s) associated with the indicated DL slot and configured DCI formats. Particularly for time critical URLLC traffic, great flexibility is desired for DL allocation options e.g. to accommodate for different arrival time and packet sizes. However, with this flexibility the likelihood that all DL assignment options will be used simultaneously decreases, and hence can cause unnecessary overhead. 
· The use of sub-slot PUCCH (if used). Without proper handling of the TDRA entries which falls into a PUCCH (sub-)slot, replicas of TDRA entries can be present in multiple K1 entries. We assume that this is handled as part of the Rel-16 maintenance and is included in our Rel-16 draft CR to 38.213 in R1-2008298.

[bookmark: _Hlk53663373]The problem of large Type-1 HARQ-ACK codebook size was already raised in R1-1910529, where it was proposed to conduct pruning jointly for sub-slots within the same DL slot. This solution is can save a few bits by avoiding replicas of TDRA entries which spans multiple PUCCH (sub-)slots. This solution is inherently included by the creation of per sub-slot TDRA tables as is being done in our Rel-16 draft CR to 38.213 in R1-2008298.
Besides, we propose to reduce the Type-1 HARQ-ACK codebook size by conduct SLIV pruning, not based on the TDRA table used for PDSCH scheduling, but based on a dedicated TDRA table used solely for the purpose of Type-1 HARQ-ACK codebook construction. By configuring such dedicated feedback TDRA table, HARQ-ACK bundling through the pruning algorithm can be achieved which results in reduced HARQ-ACK codebook size while still ensuring alignment on the payload size and the HARQ-ACK bit order between UE and gNB.
A simple example of such technique is given in Figures 7.1 to 7.4, where Figure 7.1 shows an example TDRA table with longer and shorter allocation options, and Figure 7.2 illustrates which HARQ-ACK bit entry the TDRA entries are mapped into, resulting in a codebook size of 4 bits.
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[bookmark: _Ref21525502]Figure 7.1. Example TDRA table with 6 rows.
[image: ]
[bookmark: _Ref21525540]Figure 7.2. HARQ-ACK bit position after R15 pruning. For this we need a codebook of 4 bits.
If a separate TDRA table is configured (let’s call it Feedback TDRA (F-TDRA) table), such as the one illustrated in Figure 7.3, then the resulting HARQ-ACK bit number to each entry in the example TDRA table in Figure 7.1 is illustrated in Figure 7.4. 
[image: ]
[bookmark: _Ref20406320]Figure 7.3. Example of a F-TDRA table.
[image: ]
[bookmark: _Ref21525563]Figure 7.4. HARQ-ACK bit position after pruning of the TDRA table of Figure 7.1 into the example F-TDRA table of Figure 7.3. With the configured example F-TDRA, the codebook size is reduced to 2 bits.
The feedback TDRA table acts as a “filter” between the TDRA tables used for PDSCH allocations and the HARQ-ACK codebook construction procedure, where it attempts to exploit that not all PDSCH allocation options will be used simultaneously in a slot. For instance, the gNB can configure the F-TDRA table in Figure 7.3 , if it knows that it will need PDSCH allocation A or B (in Figure 7.1) to ensure low latency for a DL packet (e.g. sporadic URLLC), but generally will not need both of them simultaneously. Note that if a larger packet arrives, it may instead use PDSCH allocation E. The same applies with C and D, and F. 
When multiple TDRA entries are represented by the same HARQ-ACK codebook bit entry, a bundling algorithm is needed to determine the outcome of the HARQ-ACK bit. One option is that logical AND is applied on HARQ-ACK bit results from TDRA entries with an associated DL assignment or a valid SPS PDSCH allocation. This implies that entries which does not have a PDSCH mapped, are omitted. 
For instance, with respect to the earlier example of TDRA entry A, B and E mapped to HARQ-ACK CB bit #1 (Figure 7.1, Figure 7.4). In the case PDSCH allocation A is correctly decoded, and no allocation is detected for B and E, the UE will report the result of A. As we noted earlier, the gNB may only configure the F-TDRA table conditioned on knowing that e.g. PDSCH allocations A and B will not be used on the same slot (or avoided by implementation). If this is not possible to avoid, the gNB can also schedule the PDSCHs with different k1 values such that the bits are reported on separate PUCCHs to prevent errors due to missed DL assignments.
Proposal 7.1: To reduce the Type-1 HARQ-ACK codebook size, the gNB should be able to configure the UE with a special “feedback” TDRA tables used for Type-1 HARQ-ACK codebook construction. This “feedback” TDRA table is used in the Type-1 HARQ-ACK CB construction pruning process and maps the possible DL assignment for PDSCH (e.g. SPS) into the entries of the “feedback” TDRA table. 

Dynamic PUCCH carrier switching
Dynamic PUCCH carrier switching had been discussed in the NR Rel-15 discussions already, but then it was not agreed to be supported. The motivation for allowing this is that, in case the PUCCH on the TDD cell carrying PUCCH (Pcell or PSCell) is overlapping with some DL symbols, the PUCCH and the related HARQ-ACK information is lost as extensively discussed specifically for the issue of SPS HARQ-ACK, where RAN1 agreed already to support some solution as discussed in Sec. 2. Even in case of TDD carriers with different UL/DL configurations, the PUCCH is not regarded as valid if having collision on the cell carrying PUCCH even though the UE is scheduled for an overlapping PUSCH at an SCell having UL symbols based on Rel-15/16 operation. 
For HARQ-ACK of dynamically scheduled PDSCH, the gNB can prevent the unintended HARQ-ACK dropping by choosing the k1 value appropriately to allow the PUCCH to be transmitted by the UE. As discussed in the contributions to RAN1#102e by Huawei in R1-2005243 and Mediatek in R1-2005633, supporting dynamic PUCCH carrier switching could reduce the URLLC latency by enabling earlier HARQ-ACK reporting by dynamically indicating a PUCCH cell change for the case of (inter-band) TDD CA with different UL/DL configurations. The principle of this operation is shown in Figure 8.1, where the dynamic PUCCH indication on cell 2 allows the HARQ to be transmitted with a smaller k1 compared to having the PUCCH on the ‘PUCCH cell’ (e.g. Pcell): 
[image: ]
Fig. 8.1: Dynamic PUCCH carrier switching principle
    
As an alternative, it was discussed if piggy-backing the HARQ-ACK on PUSCH could be supported instead in Rel-17 by regarding the PUCCH on the Pcell as valid if overlapping with PUSCH on an Scell as illustrated in example Figure 8.2. This provides the same benefit in terms of HARQ-ACK latency without the needed dynamic PUCCH cell change as shown below. 
[image: ]
Fig. 8.2: Allow multiplexing of HARQ-ACK of a ‘invalid’ PUCCH on Pcell on PUSCH on Scell
Independently, for both methods, one would note here that the envisioned latency improvements can only be achieved for TDD cells with different UL/DL configurations. As the UE needs to receive on the PCell (i.e. DL) while transmitting the PUCCH or PUSCH on the SCell, such operation is very much limited to inter-band TDD CA, as for intra-band TDD CA (e.g. typical for industrial / IIoT deployments) transmission and reception at the same time in different serving cells is currently not really supported by UE implementations. Moreover, even for inter-band TDD CA, the latency improvements will only be there if the cells in different bands have as little similar link directions so that basically at as many times as possible at least one cell / band would have UL for transmission available, which is of course limited as well. 
Observation 8.1: The usage of dynamic PUCCH carrier switching/multiplexing of ‘invalid’ PUCCH on PUSCH to reduce the HARQ-ACK delay is limited to the narrow cases of (1) inter-band TDD CA operation where (2) the cells in different bands would have as different link directions as possible at a given time by using different UL/DL configurations.  
Therefore, in contrast to other possible HARQ-ACK enhancements, this enhancement has a rather limited scope for deployments whereas other enhancements are more generically applicable. From this perspective, we think that RAN1 would better spend its very limited time supporting HARQ-ACK enhancements which are more generically applicable.
Proposal 8.1: RAN1 to focus on more generically applicable HARQ-ACK feedback enhancements in Rel-17 than dynamic PUCCH carrier switching due to its rather limited applicable scenarios.
Although, we think there are more important HARQ-ACK feedback enhancements to focus on in Rel-17, let’s nevertheless take a look at some of the details that would need to be discussed if (nevertheless) this is to be supported. 
Clearly, some more details (at least from the proponents) to be able to discuss and assess the advantages of a dynamic PUCCH carrier switching of Figure 8.1 would need to be provided, such as: 
· Is the dynamic PUCCH cell change dynamically indicated in the DCI scheduling the PDSCH (i.e. together with k1)? 
· If not, how is this operated?
· In case of dynamic DCI indication, how about SPS HARQ-Ack only? Is this still dropped?
· Is each SCell supporting PUCCH having its own PUCCH config?
· Or is the same PUCCH config applicable to each of the cells?
· Is the dynamic PUCCH cell change to be indicated for each of the scheduled PDSCH (all indicate the cell switching), or can the dynamic PUCCH cell change be updated over time similar as the PRI?
· Clearly, a dynamic overriding (similar as PRI) would be of advantage to be also able to take SFI signaling into account (i.e. get most benefit within its rather tight limitations). 
· On the other hand, any missed DCI of the PUCCH cell change will create some more issues for gNB implementation & complexity. If PUCCH is transmitted (i.e. no overlapping PUSCH / no PUSCH mux), then of course the gNB may need to blindly check if PUCCH on Scell is present or not. 
· How is TPC to be operated?
· Single or separate TPC loops for PUCCH on PCell and the one or more SCells available for PUCCH operation?
· In case of multiple TPC loops, also separate TPC indication / blocks using DCI format 2_2 scrambled by TPC-PUCCH-RNTI?
· Is the PUCCH Scell change only applicable for HARQ-ACK?
· How about SR? Still supported, if there is independent PUCCH configuration including SR on some of the Scells?
· How about CSI? Is P-CSI and/or SP-CSI on PUCCH to be supported also on Scells?
· Could reduce the CSI latency, but will increase the PUCCH overhead / reserved resources not just on PCell.   

Observation 8.2: Further clarifications on dynamic PUCCH carrier switching would be needed including e.g. aspects on the switching signaling (dynamic / semi-static), PUCCH config on SCell, TPC operation, dynamic overriding supported (similar as PRI), SPS HARQ-ACK handling, payload of PUCCH on SCell (SR &/ CSI in addition to HARQ?).     
   
Equally, when supporting HARQ-ACK multiplexing of some ‘invalid’ PUCCH on PUSCH on an SCell as in Figure 8.2, the following related aspects need to be considered:
· May not require any dynamic indication in a DCI, if just RRC configured to enable the HARQ-ACK multiplexing
· gNB may need to issue an UL grant to enable the HARQ-ACK feedback – if HARQ-ACK feedback is requested  DL control overhead
· no need for separate UL grant if multiplexed on CG PUSCH
· Supports SPS HARQ-ACK multiplexing on PUSCH (as for the multiplexing itself, no dynamic indication is required)  
· Less issues in terms of PUSCH reliability (i.e. HARQ-ACK multiplexed or not) compared to dynamic PUCCH carrier switching (… as the T-DAI mechanism can be used). 
· Issues with UL skipping if no UL-SCH data available at the UE side?
· May again lead to HARQ-ACK dropping
· Support of PUSCH without UL-SCH for HARQ-ACK reporting? (similar as for SP-CSI?)
· For PUSCH without UL-SCH may occupy more resources than PUCCH due to limited t-/f-domain PUSCH resource allocation granularity. On the other hand, more flexibility in terms of dynamic resource allocation compared to the limitations of 1-3bit PRI – i.e. easier to dynamically operate on the SCell? (as no inter-UE PUCCH/PUSCH collisions on SCell possible?)

Observation 8.3: Allowing multiplexing HARQ-ACK of ‘invalid’ PUCCH on SCell PUSCH instead of dynamic PUCCH carrier switching will allow for the same HARQ-ACK latency, would have benefits in terms of SPS HARQ-ACK handling as well as in terms of PUSCH reliability (uncertainty if HARQ is multiplexed or not) – but may require the support of PUSCH without UL-SCH operation and may require separate UL grants increasing the DL control overhead.      
  
Conclusion
In this contribution we discuss the identified issues for support or at least study based on the RAN1#102-e agreements. 
The discussions in Sec. 2 on dropping of SPS HARQ-ACK feedback in TDD operation can be summarized in the following related observations and proposals: 
Observation 2.1: Using dynamic signaling to collect SPS HARQ-ACK feedback (e.g. NN k1 or Type-3 CB mechanisms from NR-U) is not appropriate for solving the problem of dropping of SPS HARQ-ACK feedback in TDD operation due to high overhead and error-proneness.
Observation 2.2: The options of deferring HARQ-ACK until the first available valid PUCCH resource do not provide sufficient flexibility of mapping HARQ-ACK to PUCCH resource. 
Proposal 2.1: 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 in Sec. 3 on SPS HARQ skipping for ‘skipped’ SPS PDSCH can be summarized in the following related observations and proposals: 
Observation 3.1: Supporting blind SPS PDSCH presence / skipping detection creates severe gNB DL scheduling restrictions to enable such detection in the first place. Wrong UE assumption (errors in the skipping detection) may lead to detrimental DL performance, wrong CB size assumption or create unwanted PUCCH collisions. 
Proposal 3.1: If HARQ skipping for ‘skipped’ SPS PDSCH is to be supported, simple ‘NACK skipping’ without any additional skipping identification step is to be selected.  
Proposal 3.2: If HARQ skipping for ‘skipped’ SPS PDSCH is to be supported, the configuration of the HARQ skipping for skipped SPS PDSCH is separately configurable for each SPS configuration.
Proposal 3.3: If HARQ skipping for ‘skipped’ SPS PDSCH is to be supported, the HARQ skipping procedure is to be limited to the single case of only skipped HARQ for skipped SPS PDSCH is to be reported on PUCCH. For all other cases, such as other HARQ or other type of UCI to be mapped to PUCCH/PUSCH or if skipped HARQ for skipped SPS PDSCH is the only UCI to be mapped to PUSCH, the UE should not skip the HARQ transmission / mapping.

The discussions in Sec. 4 on enhancements for SPS HARQ ACK payload reduction can be summarized in the following related observations and proposals: 
Proposal 4.1: For SPS PDSCH HARQ-ACK feedback reduction, the gNB can semi-statically disable HARQ-ACK feedback for one or multiple SPS configurations. 

The discussions in Sec. 5 on PUCCH repetition enhancements can be summarized in the following related observations and proposals: 
Observation 6.1: The use case and benefit of retransmission of high priority HARQ-ACK is less clear whereas retransmission of low priority HARQ-ACK can be assumed to be beneficial for substantial saving of DL resources.
Proposal 6.1: If retransmission of cancelled HARQ-ACK will be specified, support for low priority HARQ-ACK retransmissions must be included. No optimizations specifically for HP HARQ-ACK should be specified.
Observation 6.2: The existing specification of Type 3 HARQ-ACK codebook is in principle readily available as an IIoT Rel-17 HARQ enhancement. However, additional enhancements for codebook size reduction may be beneficial.     
Observation 6.3: Enhanced Type 2 codebook does not currently support SPS HARQ-ACK retransmission, would increase complexity considerably and does not help with retransmissions when Type 1 codebook is used.
Observation 6.4: Considering URLLC, NN-K1 has limitations that it does not work with Type 1 HARQ-ACK codebook and operation with SPS is open. 
Proposal 6.2: Extend the use of Type 3 codebook for IIoT to enable retransmissions of dropped HARQ-ACK. Study ways of reducing / limiting the Type 3 codebook size.   
Observation 6.5: Triggering retransmission of dropped HARQ-ACK via DCI scheduling UL grant and/or via semi-static configuration at least for CG PUSCH could decrease the downlink control overhead.
Proposal 6.3: Study triggering the retransmission of dropped HARQ-ACK on PUSCH via DCI scheduling UL grant and via semi-static configuration (at least for CG PUSCH).

The discussions in Sec. 6 on retransmissions of dropped HARQ-ACK can be summarized in the following related observations and proposals: 
Observation 6.1: The use case and benefit of retransmission of high priority HARQ-ACK is less clear whereas retransmission of low priority HARQ-ACK can be assumed to be beneficial for substantial saving of DL resources.
Proposal 6.1: If retransmission of cancelled HARQ-ACK will be specified, support for low priority HARQ-ACK retransmissions must be included. No optimizations specifically for HP HARQ-ACK should be specified.
Observation 6.2: The existing specification of Type 3 HARQ-ACK codebook is in principle readily available as an IIoT Rel-17 HARQ enhancement. However, additional enhancements for codebook size reduction may be beneficial.     
Observation 6.3: Enhanced Type 2 codebook does not currently support SPS HARQ-ACK retransmission, would increase complexity considerably and does not help with retransmissions when Type 1 codebook is used.
Observation 6.4: Considering URLLC, NN-K1 has limitations that it does not work with Type 1 HARQ-ACK codebook and operation with SPS is open. 
Proposal 6.2: Extend the use of Type 3 codebook for IIoT to enable retransmissions of dropped HARQ-ACK. Study ways of reducing / limiting the Type 3 codebook size.   
Observation 6.5: Triggering retransmission of dropped HARQ-ACK via DCI scheduling UL grant and/or via semi-static configuration at least for CG PUSCH could decrease the downlink control overhead.
Proposal 6.3: Study triggering the retransmission of dropped HARQ-ACK on PUSCH via DCI scheduling UL grant and via semi-static configuration (at least for CG PUSCH).

We assume the Type 1 CB for sub-slot PUCCH to be supported in Rel-16 based on our draft CR in R1-2008298 and the discussions in Sec. 7 on Type 1 HARQ ACK Codebook size reduction which summarize only on additional possible enhancements can be summarized in the following related observations and proposals: 
Proposal 7.1: To reduce the Type-1 HARQ-ACK codebook size, the gNB should be able to configure the UE with a special “feedback” TDRA tables used for Type-1 HARQ-ACK codebook construction. This “feedback” TDRA table is used in the Type-1 HARQ-ACK CB construction pruning process and maps the possible DL assignment for PDSCH (e.g. SPS) into the entries of the “feedback” TDRA table. 

The discussions in Sec. 8 on dynamic PUCCH carrier switching can be summarized in the following related observations and proposals: 
Observation 8.1: The usage of dynamic PUCCH carrier switching/multiplexing of ‘invalid’ PUCCH on PUSCH to reduce the HARQ-ACK delay is limited to the narrow cases of (1) inter-band TDD CA operation where (2) the cells in different bands would have as different link directions as possible at a given time by using different UL/DL configurations.  
Proposal 8.1: RAN1 to focus on more generically applicable HARQ-ACK feedback enhancements in Rel-17 than dynamic PUCCH carrier switching due to its rather limited applicable scenarios.
Observation 8.2: Further clarifications on dynamic PUCCH carrier switching would be needed including e.g. aspects on the switching signaling (dynamic / semi-static), PUCCH config on SCell, TPC operation, dynamic overriding supported (similar as PRI), SPS HARQ-ACK handling, payload of PUCCH on SCell (SR &/ CSI in addition to HARQ?).     
Observation 8.3: Allowing multiplexing HARQ-ACK of ‘invalid’ PUCCH on SCell PUSCH instead of dynamic PUCCH carrier switching will allow for the same HARQ-ACK latency, would have benefits in terms of SPS HARQ-ACK handling as well as in terms of PUSCH reliability (uncertainty if HARQ is multiplexed or not) – but may require the support of PUSCH without UL-SCH operation and may require separate UL grants increasing the DL control overhead.      
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