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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#103 e-Meeting, the following agreements have been achieved on UE feedback enhancements for HARQ-ACK.
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 
Agreements: In the studies on PUCCH carrier switching for HARQ-ACK, PUCCH carrier switching for different cells operated is considered only for cells that are part of the active UL CA configuration.
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.

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]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)
0. FFS: Details
1. NACK skipping (ACK-only) (Alt. 2)
1. FFS: Details
1. HARQ bundling / compression (Alt. 3)
2. FFS: Details including HARQ bundling / compression window, bundling / compression technique
1. HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
3. The skipping / disabling is higher-layer configured per SPS configuration
3. FFS: HARQ-ACK skipping behaviour for Type 1 CB

In this contribution, we will discuss candidate solutions for SPS HARQ-ACK enhancement and discuss whether other issues are of high priority.
2. Discussion
2.1. HARQ-ACK feedback for downlink SPS
In Rel-16 URLLC, a UE may be configured with multiple downlink SPS configurations for a serving cell, compared to at most one configuration for a cell group in NR Rel-15. In addition, periodicity of a downlink SPS configuration can be shorten to a single slot for reducing latency, in contrast to minimum periodicity of 10ms for NR Rel-15. In last RAN1#103 e-meeting, some reduced set methods of SPS HARQ-ACK feedback have been come to an agreement. In this section, we will further discuss them and provide our views and more details.
2.1.1. Avoiding SPS HARQ-ACK dropping for TDD
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]During RAN1#103 e-Meeting, it has been agreed that two potential solutions are supported to avoid SPS HARQ-ACK dropping for TDD because of the PUCCH collision. A solution is to defer HARQ-ACK until the first available PUCCH resource. The key point is how to define of a next available PUCCH resource. If there is no restrictions with “next available PUCCH”, it will lead to unbalanced HARQ-ACK payload among PUCCH resources. That is, all HARQ-ACK bits will be mapped to the first available PUCCH resource after several consecutive downlink slots where collision(s) happens [1]. Another concern is that it will cause out-of-order issue if the K1 set configuration is unsuitable. Thus, it is necessary to add some restriction with the definition of “next available PUCCH”, for example considering the max or mean payload size, some optimized K indication methods can also be considered.
Proposal 1: The definition of “next available PUCCH” should consider payload size for each PUCCH resource to avoid unbalanced payload issue.
We propose a new method to indication the PUCCH resources for SPS PDSCH in this paper. Specifically, gNB can take load balancing into consideration in advance and explicit or implicit indicate the mapping rule of actual SPS PDSCH (M) transmission and available PUCCH resources (N) within the time window based on slot configuration period.
There is an example to describe it in details. Suppose the window period of a slot configuration is 10, within the time window, the number of SPS PDSCH needed to be transmitted is M=7, and the number of available PUCCH resource is N=3. Then, three options of configuration can be as follows:
Option 1: gNB explicit configure and indicate a set {N1, N2, N3}. Every element in the set represents the nominal payload of HARQ-ACK for each PUCCH resource in the slot time window. Then, UE will feedback the SPS HARQ-ACK according to the configuration. If the actual payload of current PUCCH exceeds the configured nominal value, this PUCCH resource changes to unavailable.
Option 2: gNB indicate a max value Nmax，which represents  the actual HARQ-ACK payload size of each PUCCH resource should not exceed this max value. Otherwise, this PUCCH resource changes to unavailable. 
Option 3: gNB indicate a mean value equal M/N, which represents the HARQ-ACK payload of PUCCH resource from 1th to N-1th should not exceed the configured mean value. Otherwise, this PUCCH resource changes to unavailable. And all of the rest of the HARQ-ACK not yet transmitted can be transmitted on the Nth PUCCH resource.

[bookmark: OLE_LINK22][bookmark: OLE_LINK23]Proposal 2: gNB can take load balancing into consideration and explicit or implicit indicate the mapping rule of actual SPS PDSCH (M) transmission and available PUCCH resources (N) within a time window based on slot configuration period.

In addition, another potential solution is dynamic triggering of a one-shot / Type-3 CB type of re-transmission. This method can be discussed jointly with section 2.2. For one-shot feedback codebook, gNB can only indicate and trigger the concerned SPS configurations, or even concerned occasions or HARQ processes for the indicated SPS configurations in a DCI format. Then UE will report corresponding SPS HARQ-ACK bit(s) accordingly. The Type-3 HARQ-ACK codebook size can also be reduced by some simple enhancements, e.g., the HARQ-ACK codebook only containing the number of DL HARQ processes for the indicated SPS configurations.
[bookmark: OLE_LINK26][bookmark: OLE_LINK27]Proposal 3:As for dynamic triggering of a one-shot / Type-3 CB type of re-transmission, some enhancements can be considered for HARQ-ACK codebook reduction..

2.1.2. SPS HARQ-ACK payload size reduction and/or skipping for ‘non-skipped’ SPS PDSCH
For the studies on SPS HARQ payload size reduction (of non-skipped SPS PDSCH), there are four methods as following:
ACK skipping (NACK-only) (Alt. 1)
NACK skipping (ACK-only) (Alt. 2)
HARQ bundling / compression (Alt. 3)
HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
For alt1 and alt 2, they should be discussed jointly with SPS HARQ-ACK skipping for ‘skipped’ SPS PDSCHs to avoid contradictions and misunderstandings. For example, when alt 2 NACK skipping for non-skipped SPS PDSCH is also supported combined with NACK skipping for skipped SPS PDSCH, then only ACK for non-skipped PDSCH will be reported, gNB can’t identify whether dropped NACK due to skipped PDSCH or due to failed to decode the non-skipped SPS PDSCH. 
So, we prefer alt 1 between alt 1 and alt 2, not only because ACK skipping has more benefits for saving more overhead, but it is more compatible with alt 1 “NACK skipping for skipped SPS PDSCH”. For example, when ACK skipping for non-skipped SPS PDSCH is also supported, then only NACK for non-skipped PDSCH will be reported, gNB can clearly know which PDSCHs need to retransmission.

Proposal 4: Alt 1 and alt 2 for SPS HARQ payload size reduction should be discussed jointly with SPS HARQ-ACK skipping for ‘skipped’ SPS PDSCH and we prefer alt1.
Alt3 and Alt4 fit for different scenarios. Alt 3 is very useful when multiple SPS configurations are configured to support one service with jitter. In this case, only one of the multiple SPS PDSCH occasions within a common period has actual transmission and will be reported. In alt 3 solution, HARQ bundling granularity can be configured by gNB through RRC signal and the bundling mechanism can be dynamic triggered by gNB through MAC-CE/DCI. Similarly, alt4 HARQ-ACK disabling could be used when the latency is too stringent to allow retransmission opportunities, then no HARQ-ACK for the SPS configuration(s) will be reported actually. In this case, certain SPS configurations can be configured by RRC beforehand and then be enable/disabled by gNB through MAC-CE/DCI. 

Proposal 5: For alt 3and alt 4, HARQ bundling granularity or certain SPS configurations can be configured by gNB through RRC signal and mechanism can be dynamically triggered by gNB through MAC-CE/DCI.

2.2. Retransmission of cancelled HARQ 
High priority HARQ-ACK information can be dropped when PUSCH with high priority HARQ-ACK is cancelled. In order to support retransmission of cancelled HARQ, one-shot HARQ-ACK codebook, also known as type-3 HARQ-ACK codebook, can be considered. And it can be jointly considered with alt2 of SPS HARQ dropping for TDD.
Enhancements related to CB size reduction can be considered. The original one-shot/type 3 HARQ-ACK codebook is triggered by gNB and contains HARQ-ACK information for all HARQ process numbers and all cells. Optimized one-shot HARQ-ACK only need to trigger a subset/partial CB of activated cells/HARQ processes. The index of HARQ-ACK process numbers or cells may be configured by higher layer RRC or dynamic indicated in a DCI format. 
[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Proposal 6 : Retransmission of cancelled HARQ issue can be discussed jointly with the alt 2 of “SPS HARQ-ACK dropping for TDD systems”.

2.3. PUCCH repetition 
Slot-based PUCCH repetition has been supported for coverage enhancement in R15 but has been adopted for only long format PUCCH. Some companies propose to enhance the PUCCH repetition in Rel-17. Sub-slot type of PUCCH repetition scheme needs to guarantee each repetition has the same start / duration / PUCCH resource in each sub-slot. It suits for limited scenarios because fixed resources need to be reserved in order to guarantee the repetition for PUCCH, which has bad impacts on scheduling flexibility and latency for URLLC, so we think it is suitable for some necessary long format PUCCH to improve coverage and avoid segment issues.
When there is some high priority SR/HARQ-ACK need to be feedback in time. The best way is using short format PUCCH with flexible symbols. So, back-to-back PUCCH repetition is very suitable for short format PUCCH. On the one hand, short format PUCCH has only one or two symbols, it is convenient to find available resources for multiple repetitions and the probability of segmentation is very low with so few symbols. On the other hand, back-to-back PUCCH repetition can obtain continuous and quick feedback, it is important for some URLLC service or some beam sweeping scenarios.
Based on above considerations, we suggest supporting both repetition solution for URLLC in R17 and choosing the most suitable solution dynamically based on UE or gNB implementation according to PUCCH format and available PUCCH resources.

Proposal 7: It is better to support Back-to-back PUCCH repetition for short format PUCCH, and support Sub-slot based PUCCH repetition for long format PUCCH respectively.

2.4. Type 1 HARQ codebook based on sub-slot PUCCH config
In R16 URLLC discussion, Type 2(dynamic) HARQ-ACK codebook is enhanced for URLLC while Type 1(semi-static) HARQ-ACK codebook is not enhanced. Some companies think it is necessary to enhance the Type 1 HARQ-ACK codebook for URLLC since it is a robust feedback method for tolerating PDCCH/PDSCH miss detection. Still many other companies argue that Type 1 HARQ-ACK codebook typically cause a huge overhead and waste of PUCCH resource. 
For URLLC service, since it requires low latency, each PDSCH should be fed back as soon as possible, so each URLLC PDSCH should be fed back separately. But Type 1 HARQ-ACK codebook has to contain all the  HARQ-ACK information of multiple slots in a fixed “feedback window”  and typically has a large UCI bit size, so Type 1 HARQ-ACK codebook is very low efficient for URLLC service.
As to the miss detection performance of Type 1 and Type 2 HARQ-ACK codebook, a typical case for URLLC HARQ-ACK codebook is that it only contains HARQ-ACK information of one actually scheduled PDSCH. And if the one PDSCH is miss detected, UE will not feedback any HARQ-ACK information no matter Type 1 or Type 2 codebook is applied. In this case, Type 1 and Type 2 codebook shows no difference on miss detection performance. 
Proposal 8: Enhancement for Type 1 HARQ codebook based on sub-slot PUCCH config should be low priority.

3. Conclusion
In this contribution, some questions and potential solutions for identified issues on HARQ-ACK enhancements for URLLC Rel-17 have been further discussed, and the proposals made are summarized as below:
Proposal 1: The definition of “next available PUCCH” should consider payload size for each PUCCH resource to avoid unbalanced payload issue.
Proposal 2: gNB can take load balancing into consideration and explicit or implicit indicate the mapping rule of actual SPS PDSCH (M) transmission and available PUCCH resources (N) within a time window based on slot configuration period.

Proposal 3: As for dynamic triggering of a one-shot / Type-3 CB type of re-transmission, some enhancements can be considered for HARQ-ACK codebook reduction.

Proposal 4: Alt 1 and alt 2 for SPS HARQ payload size reduction should be discussed jointly with SPS HARQ-ACK skipping for ‘skipped’ SPS PDSCH and we prefer alt1.

Proposal 5: For alt 3and alt 4, HARQ bundling granularity or certain SPS configurations can be configured by gNB through RRC signal and mechanism can be dynamically triggered by gNB through MAC-CE/DCI.

Proposal 6: Retransmission of cancelled HARQ issue can be discussed jointly with the alt 2 of “SPS HARQ-ACK dropping for TDD systems”.

Proposal 7: It is better to support Back-to-back PUCCH repetition for short format PUCCH, and support Sub-slot based PUCCH repetition for long format PUCCH respectively.
[bookmark: _GoBack]
Proposal 8: Enhancement for Type 1 HARQ codebook based on sub-slot PUCCH config should be low priority.
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