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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In the previous meeting, many 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:
· Support deferring SPS HARQ-ACK dropped due to TDD specific collisions until a next available PUCCH in Rel-17 based on semi-static configuration of slot format
· FFS: Details (including possible conditions for such a deferring, whether or not to consider semi-statically configured flexible symbols for PUCCH availability, etc.)
· Aim for minimal standardization efforts and UE complexity in implementation

Agreements:
Further down-select between the following two options for SPS HARQ-ACK deferral: 
· Option 1: Joint RRC configuration of the SPS HARQ-ACK deferral per PUCCH cell group 
· Note: any SPS HARQ-ACK within a PUCCH cell group in principle is subject to deferral
· [bookmark: _Hlk68260802]Option 2: The SPS HARQ-ACK deferral is configured per SPS configuration
· Note: part of sps-config, only HARQ-ACK of SPS PDSCH configurations configured for deferral is in principle subject to deferral
Agreements: Rel-16 UCI multiplexing / PUCCH overriding rules are reused for deferred SPS HARQ-ACK in the target slot, if applicable.

Agreements: For SPS HARQ-ACK, the deferral from the initial slot/sub-slot determined by k1 in the activation DCI to the target slot/sub-slot determined by k1+ k1def, the UE will check the validity of a target slot/sub-slot evaluating from one slot/sub-slot to the next sub/sub-slot (i.e. in principle k1def granularity is 1 slot/sub-slot)
· FFS: if there is a limit on the minimum deferral considered the required UE processing (k1def ≥0) 
· FFS: if there is a limit on the maximum deferral 

Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the initial slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.



Details for deferring SPS HARQ-ACK
From previous releases, the processing order of UE-specific DCI and group-common DCI are defined as to apply UE-specific DCI first and group-common DCI later. Some examples are DCI format 2_0 as SFI and DCI format 2_4 as ULCI. In this regard, a UE processes transmission/reception as if the UE is in FDD (in case of SFI) or as if the UE supports eMBB only (in case of ULCI), and in addition the UE considers the group-common DCI. This principle can also be applied to the Rel-17 SPS enhancement, in particular, to the UCI multiplexing rule in the initial slot.
According to our understanding, the UE performs UCI multiplexing in the initial slot. Then the UE checks whether the resulting PUCCH/PUSCH resource is valid depending on the slot format. If PUCCH/PUSCH is not valid, then the PUCCH/PUSCH is dropped, but SPS HARQ-ACK is deferred per configuration to the next time resource with offset k1def. For the other UCI types, we need more clarifications.
Different options can be considered to the other UCI types. For instance, the PUCCH resource itself can be deferred, or the all UCI types including SPS HARQ-ACK can be dropped and not deferred once being multiplexed. The former option brings other ambiguities in the target slot in perspective of UCI multiplexing. The legacy UCI multiplexing behaviour should be changed in this case. The latter option is affected by DTX events for both HP and LP DCI formats. Suppose that the LP DCI format can be received to multiplex HP SPS HARQ-ACK, and the DTX event may occur. The probability of DTX of LP DCI format can be larger than that of HP DCI format, otherwise the gNB can consume more CCEs for the LP DCI format. Thus, we prefer no dependency of DCI format as to be robust SPS operations.
[bookmark: _Ref68247835]Proposal 1: The legacy UCI multiplexing rule is applied in the initial slot, and defer SPS HARQ-ACK if necessary.
The semi-static FL symbols may be used because dynamic SFI can be available to the UE. In the previous meeting, the concern of DTX events has been raised. We share the same concern and the semi-static configuration would be used for the enhanced SPS operation. In other words, to the robust operation, we should not rely on the dynamic indication. Similar discussions have been made for PUSCH enhancement in the previous release. We can follow the similar approach to configure some FL symbols to be used for PUCCH transmission as well. FL symbols next to DL symbols can be configured not to be used for PUCCH.
[bookmark: _Ref68247840]Proposal 2: Semi-static configuration can determine the (in)validity of PUCCH transmission that include SPS HARQ-ACK.
The next time resource, which is denoted as the target (sub-)slot with offset k1offset, may include some PUCCH and/or PUSCH transmissions. The UE performs UCI multiplexing following the legacy Rel-16 rule with additional cares for the SPS HARQ-ACK. The PUCCH resource for SPS HARQ-ACK at the target slot would be kept same as the initial PUCCH resource.
We think the minimal required change would be the SPS HARQ-ACK multiplexing because Rel-17 enhancement allows deferring. The SPS HARQ-ACK codebook construction rule can be amended to include deferred HARQ-ACK bits if exists. For instance, the definition of MA,c can be extended only for SPS.
Regarding the k1def granularity, we can choose simply one (sub-)slot at the minimum value, and we may not need the maximum k1def value because the SPS HARQ-ACK will be delivered at last and there is no ambiguity at the gNB. We tend to agree some of enhancement can reduce the overhead because expired HARQ-ACK bits need not be transmitted. However, the expiration may be different per traffic QoS, and it is better to configure the size of a deferring window per SPS configuration. Most cases would not touch the maximum k1def value, but to avoid the worst case we expect a significant scheduling complexity for PUCCH resource determination.
[bookmark: _Ref68247847]Proposal 3: The k1def value may be fixed as one (sub-)slot.
Considering intra-UE multiplexing, we can further consider multiplexing/dropping SPS HARQ-ACK with different harq-CodebookID. The semi-static configuration determines whether SPS HARQ-ACK is deferred or not, and the UE can expect any behavior without tight processing timeline requirements.
In addition, the deferring operation can be configured per SPS config. This is because a UE can support various type of traffics in the same serving cell. For more efficient operation, we prefer the deferring is configured as per SPS.
[bookmark: _Ref68261110]Proposal 4: The SPS HARQ-ACK deferral can be configured per SPS configuration (option 2).
2.1.2. Retransmission of cancelled SPS HARQ-ACK
This issue has been discussed in terms of an option of SPS HARQ-ACK dropping. The idea is to transmit UCIs including dropped SPS HARQ-ACK, on the framework of Type-3 HARQ-ACK codebook. Most companies sympathize the size of Type-3 HARQ-ACK codebook is too large, and we also think that the size should be reduced. Regarding this, the feature lead summary captured two points. 
One point is to introduce a priority indicator in the DCI format 1_1 to trigger Type-3 HARQ-ACK codebook. This priority indicator governs the PUCCH transmission and may switch the priority of some HPID from the scheduling DCI. It is reasonable because the Type-3 HARQ-ACK codebook shares one priority and this is given by the triggering DCI. 
The other point is to reduce the size of a Type-3 HARQ-ACK codebook. Although the activation/release DCI is dynamically indicated, the gNB receives HARQ-ACK. In our understanding, this is as reliable as the RRC signalling. We prefer to include only activated SPS, which naturally includes in activated serving cells.
Some other enhancements can be further considered. For instance, DCI format 1_1 can include other fields such as carrier indication field. This field can include/exclude relevant serving cells. In addition, depending on the SPS (N)ACK skipping discussions, we can support a subset of SPS HARQ-ACK forms the enhanced Type-3 HARQ-ACK codebook. If some of SPS PDSCH is received among a set of SPS, then SPS HARQ-ACK bits may be compressed in this codebook.
[bookmark: _Ref68247852]Proposal 5: The size of the enhanced Type-3 HARQ-ACK codebook can be determined by at least activation/release DCI.
2.1.3. 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, …

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



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 6: 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. 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.
[bookmark: _Ref68261117]Proposal 7: For skipped SPS PDSCH, the ‘NACK skipping’ gives minimal specification impacts in the HARQ-ACK codebook construction if introduced.
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.
SPS HARQ payload size reduction:
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 8: When more than one bits of SPS HARQ-ACK is transmitted, the HARQ-ACK bundling is introduced to reduce the overhead.
2.2. PUCCH enhancements
	Agreements: Support sub-slot based PUCCH repetition for HARQ-ACK based on the Rel-16 PUCCH procedure for slot-based PUCCH applied to sub-slot based PUCCH
· Note: the intention is to take the Rel-16 slot-based PUCCH by replacing with “sub-slot” appropriately, without further optimization unless necessary
· FFS whether or not there is any restriction for the applicability of sub-slot based PUCCH repetition for HARQ-ACK
· Dynamic repetition indication is supported also for sub-slot based PUCCH in Rel-17
· FFS: if the method to be specified in Cov. Enh WI for slot-based PUCCH repetition can be directly applied to sub-slot PUCCH or if changes are needed
Agreements: Support PUCCH repetition for PUCCH formats 0 and 2 at least for sub-slot based PUCCH repetition. 
· FFS: Support for slot-based PUCCH repetition



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. Some 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. 
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 with 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. It is possible to introduce additional field for PUCCH repetition factor but it changes the DCI size and we prefer to keep the size unchanged.
[bookmark: _Ref54308497]Proposal 9: The scheduling DCI can indicate the repetition factor for PUCCH with the unchanged size.
The short PUCCH repetition is agreed at the sub-slot level, and we doubt whether it is generalized to slot-level. This is because the short PUCCH is usually used for latency reduction, but if its repetition comes after a slot then it might be contradictory. Rather, long PUCCH format within the sub-slot boundary, i.e., half slot, may be repeated. This can capture both latency and reliability performance, and think it worth to further consider.
3. Conclusion
In this contribution, we have following proposals.
Proposal 1: The legacy UCI multiplexing rule is applied in the initial slot, and defer SPS HARQ-ACK if necessary.
Proposal 2: Semi-static configuration can determine the (in)validity of PUCCH transmission that include SPS HARQ-ACK.
Proposal 3: The k1def value may be fixed as one (sub-)slot.
Proposal 4: The SPS HARQ-ACK deferral can be configured per SPS configuration (option 2).
Proposal 5: The size of the enhanced Type-3 HARQ-ACK codebook can be determined by at least activation/release DCI.
Proposal 6: For skipped SPS PDSCH, the ‘NACK skipping’ is introduced.
Proposal 7: For skipped SPS PDSCH, the ‘NACK skipping’ gives minimal specification impacts in the HARQ-ACK codebook construction if introduced.
Proposal 8: When more than one bits of SPS HARQ-ACK is transmitted, the HARQ-ACK bundling is introduced to reduce the overhead.
[bookmark: _GoBack]Proposal 9: The scheduling DCI can indicate the repetition factor for PUCCH with the unchanged size.
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