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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: _GoBack]In the previous meeting, a lot of agreements are made, which set guidelines for further discussions. In this contribution, we address our views about such details. 
2. Discussion
2.1. SPS enhancement
2.1.1. SPS HARQ-ACK dropping for TDD
	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 

Final RAN1#103-e moderator comments: 
Based on the discussions by companies to the 2nd/3rd/4th round, it would be good if companies could provide their input to RAN1#104-e on the two options which would still need further discussion / clarification to enable potential agreements on support of Option 1 and/or Options 2, including  
· Option1: 
· Definition of ‘next’ PUCCH in time domain (i.e. ‘k1’ value) – including handling of semi-static flexible symbols and SFI if received
· PUCCH resource for re-transmission, separate config versus using e.g. SPS-PUCCH-AN-List or n1PUCCH-AN 
· Further considerations on CB construction when multiplexed with DG PDSCH HARQ, …
· Option 2: 
· Which enhancements to Type 3 CB are envisioned (please describe in detail)
· Maybe worth considering enhancements here more generically, including using one-shot / Type 3 CB type re-transmission also for re-transmission of canceled HARQ-ACK (of Sec. 5) – e.g. discuss them jointly.



In the Rel-16, SPS HARQ-ACK is transmitted on semi-static UL symbols. The gNB can expect the UE to drop SPS HARQ-ACK, and does not need to transmit a TB in the corresponding PDSCH candidate. Instead, the gNB can dynamically schedule the TB, whose HARQ-ACK is able to fed back. However, in our understanding, when we consider URLLC traffic, the SPS already configures the minimal delay for HARQ-ACK, and if it collides with DL/FL then the dynamically changed timing for HARQ-ACK probably consumes more delays but with more CORESET overhead. 
Our preference is to reuse the Rel-16 NRU as much as possible, i.e., the HARQ-ACK timing can be changed to the next available PUCCH resource. This can be described by changing from K1 into NNK, or by assigning appropriate PDSCH group. If we allow some overhead, then type-3 HARQ-ACK codebook can be also considered. All those solutions are applied in an unlicensed carrier, and it can be directly applied to a licensed carrier as well. In addition to Option 2, we can further discuss whether Option 1 introduced in the Rel-17.
[bookmark: _Ref54308479][bookmark: _Ref61364420]Proposal 1: Adopt Option 2 (re-transmitting HARQ-ACK) and further discuss Option 1 (deferring HARQ-ACK).
Regarding Option 1, the time window should be discussed. For instance, DL-UL switching can be very frequent to support URLLC, but a set of DL SPS can be activated to capture jittered DL traffic. A set of DL SPS can have a common periodicity of average arrival rate and may not be a multiple of UL-DL switching period. In this case, the next PUCCH resource does not occur early. We think that a time window is needed that determines whether the dropped HARQ-ACK is valid/invalid and whether multiplex or not once it would not be valid any more. This is closely related to the codebook construction for the payload determination.
If the UE needs to report dropped HARQ-ACK bit(s), then before bits become invalid another dynamic signalling should be introduced to trigger this report. Option 2 can be an alternative to provide this HARQ-ACK report. Other alternative can be a scheduling DCI that can multiplex dropped HARQ-ACK bits with the proper UL timing.
Also, we can think of a maximum number of dropped HARQ-ACK bits. Dropping HARQ-ACK bits may be different for every dropping. The appropriate PUCCH resource should be provided to multiplex all of such HARQ-ACK bits.
Regarding Option 2, Type-3 HARQ-ACK codebook collects all configured HARQ processes and its size can be large. As we mention above, dropping of SPS HARQ-ACK can occur periodically. For every such case, triggering Type-3 HARQ-ACK codebook may be excessive. One way of reducing overhead can be to introducing a smaller codebook. We think that Type-3 HARQ-ACK codebook consists of only DL SPS. By doing this, we can reduce the size of codebook. We can further limit the size by triggering at a subset of serving cell(s).
[bookmark: _Ref61364424]Proposal 2: Type-3 HARQ-ACK codebook having a subset of configured HARQ process is considered.
2.1.2. SPS HARQ-ACK skipping for ‘skipped’ SPS PDSCH 
	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, …

Final RAN1#103-e moderator comments: 
Based on the discussions by companies, it would be good if companies could provide their input to RAN1#104-e on the two options which would still need further discussion / clarification to enable potential agreements 
· NACK skipping: 
· Configuration details: per SPS configuration vs. across all SPS configurations of a single CC / across all CCs
· When to skip the HARQ-ACK?
· PUCCH carrying ‘SPS NACK’ only – or also other cases? i.e. HARQ skipping or ‘PUCCH skipping’?
· Interaction with MAC operation
· Expected gains
· …
· Dynamic indication of skipped SPS PDSCH occasions: 
· Dynamic indication mechanism (DCI, MAC CE, specific DM-RS, …)
· When to skip the HARQ-ACK?
· PUCCH carrying ‘SPS NACK’ only – or also other cases? i.e. HARQ skipping or ‘PUCCH skipping’?
· Interaction with MAC operation
· Effect of missed dynamic indication
· Depending on the ‘when to skip the HARQ-ACK’
· Expected gains
· ….



The NACK skipping scheme can be summarized as; for PUCCH with only SPS HARQ-ACK, it can be omitted if SPS PDSCH is not received as zero bits need to be reported. The PUCCH resource is reserved anyway, but it can reduce the interference. This is especially beneficial when the jitter of the considering traffic is large. When the traffic arrives periodically, a SPS PDSCH can capture this arrival, but if its jitter becomes large or even random, more than one SPS PDSCH should be activated to minimize the CORESET overhead. However, each SPS PDSCH candidate should generate own HARQ-ACK, which is usually NACK. In this case, at most one SPS PDSCH candidate among a set of candidates can be actually received and generate a HARQ-ACK.
[bookmark: _Ref54308483][bookmark: _Ref61364430]Proposal 3: For skipped SPS PDSCH, the ‘NACK skipping’ is introduced.
If each SPS has own distinct resource for HARQ-ACK, then a PUCCH can be omitted if the corresponding SPS is not received. The gNB will check HARQ-ACK or ACK in the indicated PUCCH resource, and need not check in the other PUCCH resources. 
According to the current specification, a UE should decode every SPS PDSCH instance. Some of instances are not transmitted and the UE needlessly attempt to decode them. It does not seem to be the scope of this specific topic, but it is desirable to discuss the metric to decide whether the PDSCH instance is skipped.
When SPS HARQ-ACK and other UCI are present, HARQ-ACK codebook construction can be a further issue. We simply propose only when one bit of SPS NACK can be skipped, and if the UE need to construct a HARQ-ACK codebook then the HARQ-ACK is placed in the appropriate position. Other optimization can be done but with more complicated gNB implementations. For example, two or more SPS PUCCH are overlapped and some are NACK and skipped, the HARQ-ACK codebook size can be variable dynamically and we do not think to be robust. In this case, the UE can just construct type-1/-2 HARQ-ACK codebook following the current specification.
The other alternative (Alt 3) informs a UE of the pattern of skipped SPS PDSCH instances. In our understanding, this information is useful when many HARQ-ACK bits are involved. If Alt 1 is applied only when one HARQ-ACK bit occur, then the motivation of Alt 3 becomes weak.
[bookmark: _Ref61364436]Proposal 4: The ‘NACK skipping’ is applicable only when one SPS HARQ-ACK bit is present.
2.1.3. SPS HARQ payload size reduction
	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

Final RAN1#103-e moderator comments: 
Based on the discussions by companies, it would be good if companies could provide their input to RAN1#104-e on the two options which would still need further discussion / clarification to enable potential agreements 
· ACK or NACK skipping (Alt. 1 / Alt.2): 
· Configuration details: per SPS configuration vs. across all SPS configurations of a single CC / across all CCs
· When to skip the HARQ-ACK?
· PUCCH carrying ‘SPS NACK’ or ‘SPS ACK’ only – or also other cases? i.e. HARQ skipping or ‘PUCCH skipping’? (Please consider the potential CB ambiguity)
· Interaction with MAC operation
· Interaction with MAC (HARQ-ACK delivery)
· Expected gains
· …
· HARQ bundling / compression (Alt. 3)
· How to define the bundling / compression window in time-domain &/ CC domain &/ SPS configuration domain (i.e. the definition of the bits for joint bundling / compression)
· Is the bundling restricted to HARQ-ACK bits within one PUCCH transmission occasion or across more?
· How to define the ‘bundled SPS configurations’ that are used for bundling / compression
· Bundling / compression technique
· Expected gains
· ….
· HARQ-ACK disabling /skipping for certain SPS configurations (Alt. 4)
· Handling for Type 1 CB with a mixed of SPS and DG PDSCH HARQ (i.e. map the SPS HARQ-ACK or not)?
· Interaction with MAC (HARQ-ACK delivery)
· Expected gains
· ….



If some SPS HARQ-ACK are multiplexed in one PUCCH (or PUSCH), then HARQ-ACK bit(s) corresponding a subset of DL SPS may be compressed to a single HARQ-ACK bit. It can be called as bundling or omission because it would generate ACK when at least one HARQ-ACK bit is ACK. This is feasible because the considering traffic can be received once during the cycle time. Due to the unavoidable jitter, many SPS are activated, but one SPS PDSCH can be received within a time window. The subset of DL SPS can be indicated or configured and serve as one bundling bit.
The time window can be configured, or equivalently a set of SPS can be configured so that some adjacent SPS PDSCH candidates can be compressed in terms of HARQ-ACK reporting. 
We prefer a unified design for SPS HARQ-ACK for skipped SPS PDSCH. For example, the following is not desirable; the NACK skipping is applied for the skipped SPS PDSCH, but ACK skipping is applied to reduce HARQ-ACK codebook because the DTX detection intervenes the skipping behavior.
[bookmark: _Ref54308487]Proposal 5: When more than one bits of SPS HARQ-ACK is transmitted, the HARQ-ACK bundling is introduced to reduce the overhead.
2.2. PUCCH repetition enhancements
The PUCCH repetition gives the better coverage, and it is discussed in the previous meeting. We think that sub-slot based repetition (similar to PUSCH repetition type A) should be the baseline. Many companies propose that consecutive repetitions (similar to PUSCH repetition type B) are effective, however, in our understanding, there are some issues to be solved. The first issue is to set a requirement from our agreed scenarios, and the second issue is to show that the target performance may not be achievable by the legacy method. In this meeting, we would suggest that we introduce sub-slot based PUCCH repetition with possible extension such as introducing new repetition factors.
[bookmark: _Ref54308494]Proposal 6: Sub-slot based PUCCH repetition is supported, and additionally consider more repetition factors are required.
The coverage can be changed dynamically because the payload can change at every subslot and the fading changes at every slot. In perspective of the payload, LP UCI and HP UCI can be variable and even DTX can occur. The DCI that indicate the final PRI can indicate whether to multiplex and the repetition factor if it indicates multiplexing. The repetition factor can also be a part of PUCCH resource or a part of the K1 feedback timing.
[bookmark: _Ref54308497]Proposal 7: The scheduling DCI can indicate the repetition factor for PUCCH.
3. Conclusion
In this contribution, we have following proposals.
Proposal 1: Adopt Option 2 (re-transmitting HARQ-ACK) and further discuss Option 1 (deferring HARQ-ACK).
Proposal 2: Type-3 HARQ-ACK codebook having a subset of configured HARQ process is considered.
Proposal 3: For skipped SPS PDSCH, the ‘NACK skipping’ is introduced.
Proposal 4: The ‘NACK skipping’ is applicable only when one SPS HARQ-ACK bit is present.
Proposal 5: When more than one bits of SPS HARQ-ACK is transmitted, the HARQ-ACK bundling is introduced to reduce the overhead.
Proposal 6: Sub-slot based PUCCH repetition is supported, and additionally consider more repetition factors are required.
Proposal 7: The scheduling DCI can indicate the repetition factor for PUCCH.
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