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1	Introduction
In RAN#86, work item on Enhanced Industrial Internet of Things (IoT) and ultra-reliable and low latency communication (URLLC) support for NR was approved [1]. Further, the WID was revised in RAN#88e, where the updated WID [2] includes the following objective: 
· Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering
· UE feedback enhancements for HARQ-ACK [RAN1]
· CSI feedback enhancements to allow for more accurate MCS selection [RAN1]
— Note: DMRS-based CSI feedback is not in scope of this WI
In this contribution, we discuss UE feedback enhancements for HARQ-ACK covering different aspects including HARQ-ACK reliability enhancement through flexible PUCCH repetition, and HARQ-ACK feedback enhancement for SPS.
[bookmark: _Ref178064866]2	Discussion
2.1	PUCCH repetition
2.1.1	Sub-slot PUCCH repetition
In Rel-16, sub-slot based HARQ-ACK was introduced to support multiple PUCCHs carrying HARQ-ACK in a 14-os slot to enable low latency HARQ-ACK feedback for URLLC. Two different sub-slot length/pattern configurations are supported, namely, 7symbols*2 and 2symbols*7. However, there are some limitations on PUCCH resources associated with the sub-slot HARQ-ACK. For example, the resource configuration is the same and applied to all sub-slots, and configured PUCCH resources are not allowed to cross sub-slot boundary, or in other words they need to be confined within each sub-slot. The latter can have an impact on PUCCH coverage/reliability which is in general important for URLLC.  
To address the potential coverage/reliability issue of sub-slot PUCCH, one may use PUCCH resource with a long duration allowed within a sub-slot. If the coverage/reliability need is still not met, it is possible to perform PUCCH repetition. Our understanding based on Rel-16 specification related to sub-slot length for PUCCH is that PUCCH repetition for sub-slot is already supported, and it follows basically the same principle of PUCCH repetition across multiple slots in Rel-15. That is, PUCCH repetition is performed across multiple sub-slots where each repetition uses the same resource (i.e., same starting symbol, duration, and number of PRBs). 

[bookmark: _Toc47709561]Based on Rel-16 specification related to sub-slot length for PUCCH, sub-slot PUCCH repetition is already supported, following the principle of Rel-15 PUCCH repetition across multiple slots.

2.1.2	Flexible framework for PUCCH repetition
Even though repetition for sub-slot PUCCH is supported, there are still several restrictions in the existing PUCCH repetition framework which can prevent it to be used efficiently for URLLC. First, PUCCH repetition is only enabled by semi-static configuration. Secondly, the configuration is tied to specific PUCCH format and once configured, it is applied to all PUCCH resources associated with that PUCCH format. Lastly, it is only applicable to the “long” PUCCH formats, i.e., formats 1, 3, and 4. Figure 1 includes snapshots illustrating these restrictions in the existing PUCCH repetition configuration.
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[bookmark: _Ref47687010][bookmark: _Hlk47687036]Figure 1 Example showing restrictions of the existing PUCCH repetition configurations

To support more flexible and efficient PUCCH repetition for URLLC, it is important that above restrictions are relaxed. For example, it should not only be limited to semi-static configuration to enable PUCCH repetition. It should also be possible to perform PUCCH repetition dynamically based on coverage need. More specifically, for HARQ-ACK feedback on PUCCH, it should be possible to indicate the number of PUCCH repetition dynamically depending on the coverage/reliability requirement and resource availability. Dynamic indication of PUCCH repetition can be done, e.g., based on DCI. It can be through a new DCI field or an existing field such as PUCCH resource indicator (PRI) to indicate PUCCH repetition carrying HARQ-ACK or any other triggered UCI.
It is also important that PUCCH repetition is more flexible and not tied to a specific PUCCH format. This is because the number of HARQ-ACK bits can vary depending on the actual traffic and it will eventually determine which PUCCH format to use. To increase the flexibility, it should also be possible that PUCCH repetition is indicated based on UCI type. For example, for some cases, it might be desirable to have PUCCH repetition for PUCCH carrying HARQ-ACK using certain PUCCH format, but not necessarily for PUCCH carrying only CSI although it uses the same PUCCH format. Another example of such flexibility is that different numbers of repetitions can be indicated for different UCI types depending on use cases and coverage needs. 
Moreover, to support PUCCH repetition for sub-slot HARQ-ACK where the configured sub-slot length is 2 symbols, it should be possible that short PUCCH formats, i.e., format 0 and 2 are supported for the PUCCH repetition.

[bookmark: _Toc47709562]The existing PUCCH repetition framework is restrictive as it is only enabled by semi-static configuration and the configuration is tied to PUCCH format. Moreover, it is not applicable to sub-slot configuration of length 2 symbols. 
[bookmark: _Toc32612989][bookmark: _Toc37452515][bookmark: _Toc47709555]Support dynamic indication of PUCCH repetition in Rel-17.
[bookmark: _Toc47709556]Support PUCCH repetition based on UCI type. 
[bookmark: _Toc47709557]Support PUCCH repetition of PUCCH formats 0 and 2.

In terms of resources to be used for PUCCH repetition across sub-slots, it is preferred that the same principle is kept. That is, the same resource (i.e., starting symbol, duration, and number of PRBs) is used for each PUCCH repetition across multiple sub-slots. There is no need to repeat PUCCH within a slot/sub-slot since a longer PUCCH resource can be used instead.

[bookmark: _Toc47709563]There is no need to enable back-to-back PUCCH repetition within a slot/sub-slot. To increase coverage/reliability of PUCCH transmission in a slot/sub-slot, a longer PUCCH resource can be used.
[bookmark: _Toc47709558]For PUCCH repetition across multiple sub-slots, a PUCCH transmission in each of the sub-slots has the same resource, i.e., same starting symbol, number of symbols, and number of PRBs.

2.2	HARQ-ACK enhancement for DL SPS
In Rel-16, several enhancements were done for DL SPS, including support of multiple SPS configurations and introduction of an extended SPS periodicity values. Up to 8 SPS configurations can now be configured simultaneously. The periodicity values are extended to support many more values with the minimum of 1 slot [3]. These enhancements are intended for improving transmission mainly from the DL perspective. However, there still exist some associated issues from the UL perspective that need to be fixed to fully benefit from the features developed in Rel-16.
In this section, we discuss two issues related to HARQ-ACK feedback for SPS.  

2.2.1	HARQ-ACK dropping due to mismatch of SPS periodicity and semi-static TDD pattern
With the introduction of shorter SPS periodicity values in Rel-16, it can happen that the periodicity value does not match with a given semi-static TDD pattern, especially when it comes to HARQ-ACK feedback timing. The timing of HARQ-ACK feedback for DL SPS is indicated by PDSCH-to-HARQ_feedback timing indicator field, if present, in the activation DCI. Otherwise, it is provided by an RRC parameter dl-DataToUL-ACK.
It may happen that the HARQ-ACK timing value (K1) does not indicate valid UL slot for all SPS PDSCH occasions. This is illustrated in Figure 2. with a single SPS configuration with periodicity of 1 slot where the indicated K1 does not match with the ‘DDDU’ semi-static TDD pattern. With K1 =3 slots, HARQ-ACK feedback for the second and third SPS occasions would fall into DL slots, and thus these HARQ-ACK would be dropped. 
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[bookmark: _Ref47709223]Figure 2 Mismatch of SPS periodicity and TDD pattern with indicated K1

To solve the above issue, one solution is to rely on multiple SPS configurations with different K1 values. For example, Figure 3 shows an example of using three SPS configurations each with periodicity of 4 slots with K1=1,2, and 3 slots to match the TDD pattern and desired traffic period. 
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[bookmark: _Ref47709260]Figure 3 Using multiple SPS configurations with different K1 to match the TDD pattern

Although multiple SPS configurations can be used to solve the issue, not all UEs may support multiple SPS configurations. An alternative solution is to allow UE to defer HARQ-ACK transmission which could have been dropped due to collision with invalid slot/symbols to the next available UL slot. For example, in Figure 2, the HARQ-ACK bits corresponding to the second and third SPS occasions can be deferred to the next UL slot and multiplexed with other HARQ-ACK bits in that UL slot, if any.

[bookmark: _Toc47709559]Support deferring HARQ-ACK transmission to the next UL slot/symbols when it collides with invalid slot/symbols as a result of mismatch between SPS periodicity and TDD pattern. 

2.2.2	HARQ-ACK feedback for “empty” SPS occasions
In Rel-16, multiple SPS configurations are introduced to support new use cases where there can be multiple traffic flows with different characteristics, e.g., TSN flows. In addition, an extended set of shorter SPS periodicity values, down to 1 slot, are introduced to better support traffics with low latency requirement. 
Multiple SPS configurations and/or shorter SPS periodicity can also be used to support DL periodic traffic where the period is not an integer multiple of the supported SPS periodicity values. For such cases, multiple SPS configurations and/or shorter SPS periodicity values can be used to provide over-provisioned SPS occasions in order to minimize the alignment delay between the actual transmission and available SPS occasions. In the best case, it could even be possible to align the actual DL periodic transmission with available SPS occasions. Due to over-provisioning, there can be many unused or “empty” SPS occasions where no actual SPS PDSCH is transmitted. This can create issues as outlined below.
For DL SPS occasions which are not used, i.e., no actual SPS PDSCH transmission, the UE will report NACK as a feedback to gNB. With many over-provisioned SPS occasions, this can lead to many unnecessary UL transmissions, causing resource inefficiency and unwanted UL interference. Since this issue can be commonly present in IIoT use cases related to TSN/TSC, a solution to reduce or minimize the unnecessary feedback transmissions should be sought after. 

[bookmark: _Toc47709564]When SPS occasions are over-provisioned to minimize the alignment delay to the actual transmission, there can be many unnecessary UE feedback transmission (NACK) corresponding to unused SPS occasions with no actual SPS PDSCH transmitted.
It is preferred that a solution to above problem is simple and does not rely on any UE PDSCH detection as it can be implementation specific. We propose a simple enhancement to the existing UE behavior for HARQ-ACK feedback for only DL SPS, i.e., the UE skips the PUCCH transmission associated to the HARQ-ACK feedback if all the HARQ-ACK bits are NACK. In case that there is at least one ACK bit in the codebook, UE simply follows the existing behavior for reporting HARQ-ACK in the corresponding PUCCH. The rule can be considered to be applicable only after at least one HARQ-ACK feedback corresponding to the activated DL SPS is transmitted in order to avoid ambiguity on validation of the activation command.  
In a special case of single A/N bit for a single TB transmission, if the TB is received correctly, UE would report ACK as usual. On the other hand, if the TB is not received correctly regardless of whether SPS PDSCH was sent, UE would not transmit NACK (i.e., DTX). Note that gNB is aware of whether SPS PDSCH was sent or not and would be able to identify the case of wrongly decoded PDSCH.  

[bookmark: _Toc47709560]Support HARQ-ACK feedback skipping for a codebook with only DL-SPS HARQ ACK feedback when all HARQ-ACK bits in the codebook are NACK, 

3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Based on Rel-16 specification related to sub-slot length for PUCCH, sub-slot PUCCH repetition is already supported, following the principle of Rel-15 PUCCH repetition across multiple slots.
Observation 2	The existing PUCCH repetition framework is restrictive as it is only enabled by semi-static configuration and the configuration is tied to PUCCH format. Moreover, it is not applicable to sub-slot configuration of length 2 symbols.
Observation 3	There is no need to enable back-to-back  PUCCH repetition within a slot/sub-slot. To increase coverage/reliability of PUCCH transmission in a slot/sub-slot, a longer PUCCH resource can be used.
Observation 4	When SPS occasions are over-provisioned to minimize the alignment delay to the actual transmission, there can be many unnecessary UE feedback transmission (NACK) corresponding to unused SPS occasions with no actual SPS PDSCH transmitted.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Support dynamic indication of PUCCH repetition in Rel-17.
Proposal 2	Support PUCCH repetition based on UCI type.
Proposal 3	Support PUCCH repetition of PUCCH formats 0 and 2.
Proposal 4	For PUCCH repetition across multiple sub-slots, a PUCCH transmission in each of the sub-slots has the same resource, i.e., same starting symbol, number of symbols, and number of PRBs.
Proposal 5	Support deferring HARQ-ACK transmission to the next UL slot/symbols when it collides with invalid slot/symbols as a result of mismatch between SPS periodicity and TDD pattern.
Proposal 6	Support HARQ-ACK feedback skipping for a codebook with only DL-SPS HARQ ACK feedback when all HARQ-ACK bits in the codebook are NACK,
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