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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In the previous meeting, many agreements are made in some issues, however, some other issues do not show much progress. Following the chairman’s recommendation, we address our view on enhancements for the type-3 HARQ-ACK codebook and PUCCH carrier switching.
2. Discussion
2.1. HARQ-ACK deferral
Further clarification for enhanced SPS configuration
Considering intra-UE multiplexing, we can 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 1: The SPS HARQ-ACK deferral can be configured per SPS configuration.
Further clarification for valid/invalid symbols
The previous 104bis meeting clarified the valid symbols, and the remaining symbols except invalid can be regarded as being valid, but we still think that the similar approach in Rel-16 can be applied. 
	Agreements: For SPS HARQ-ACK deferral, for the determination of valid symbols in the target slot/sub-slot a collision with semi-static DL symbols, SSB and CORESET#0 is regarded as ‘invalid’ or ‘no symbols for UL transmission’.



According to the agreement, the semi-static FL symbols may be used as valid symbols 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 for type B repetitions 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: _Ref79092027]Proposal 2: In addition to semi-static DL/SSB/CORESET0, some of semi-static FL symbols can be invalid by configurations. 
HARQ codebook construction in the target slot
	Agreements: For SPS HARQ-ACK deferral, support a limit on the maximum deferral of SPS HARQ in terms of k1def  or k1+ k1def
· FFS: limitation given by a maximum value of k1def or a maximum of k1eff =k1+ k1def
· FFS how the limitation is determined (e.g. by K1 set(s) or RRC configured limit)

Agreements: For SPS HARQ-ACK deferral, there is no lower limit defined for k1def

Agreement: For SPS HARQ-ACK deferral, the limit on the maximum deferral of SPS HARQ is defined in terms of k1eff =k1+ k1def.



The subslot based Type1 HARQ codebook has been agreed and the deferred SPS HARQ-ACK can be also multiplexed with other UCIs such as DCI based HARQ-ACK or CSI. The PDSCH candidate is counted for the configured K1 set, but to include the deferred SPS HARQ-ACK, the considered K1 value should be extended, or equivalently, the deferred SPS HARQ-ACK bits are prepended to the HARQ-ACK bits in each serving cell, which are placed by the current specification.
Besides, the maximum value of k1def is introduced to consider the delay budget. The maximum k1def can be used in the additional step to determine whether or not the deferred SPS HARQ-ACK can be multiplex. Thus, when the UE considers the Type1 HARQ codebook, this additional step is considered. In some case, the valid TDRA
[bookmark: _Ref79092031]Proposal 3: The deferred SPS HARQ-ACK bits are prepended in the Type1 HARQ codebook.
Regarding Type2 HARQ codebook, when the deferred HARQ-ACK bits are present and if some deferred HARQ-ACK are out of k1def, then the HARQ-ACK codebook may not place those bits. This would impact the size of HARQ codebooks, where further studies are necessary.
[bookmark: _Ref79092034]Proposal 4: Further study the Type2 HARQ codebook if deferred SPS HARQ-ACK bits are present.
Maximum value of k1def and UCI repetitions
The maximum k1def can be further considered when PUCCH is repeated. When SPS HARQ-ACK is delayed later than k1eff, this HARQ-ACK bit may not be valid. This can occur frequently due to some TDD slot patterns of DL-heavy configuration.
Thus, the UE can transmit PUCCH repetitions only within the effective window (k1eff). This can be generalized to multi-bit cases. When more than one SPS HARQ-ACK bits are deferred or deferred SPS HARQ-ACK bits are multiplexed with other HARQ-ACK bits, each SPS HARQ-ACK bit has different effective window. In this case, we should follow the lastly valid window, instead of dropping a subset of payloads. If a dynamic scheduled HARQ-ACK is included in the HARQ codebook, then we can say the configured repetition factor is used for PUCCH transmissions.
[bookmark: _Ref79092038]Proposal 5: If being repeated, the PUCCH is transmitted within the latest effective time window in the HARQ codebook if applicable.
2.2. Type-3 HARQ-ACK codebook enhancement
	Working Assumption: For at least HARQ-ACK re-transmission:
· Support at least one enhanced Type 3 HARQ-ACK CB with smaller size (compared to Rel-16) in Rel-17
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook at least determined by RRC configuration 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· Support one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB (i.e. Alt. 3) in Rel-17
· Details are FFS
· Enhanced Type 3 HARQ-ACK CB and/or one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB are subject to separate UE capabilities



Size of (enhanced) Type-3 HARQ-ACK codebook:
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 or codebook triggering field. Those fields can include/exclude relevant serving cells or point to an index. 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.
Suppose that a HARQ-ACK codebook is based on active SPS, and activating/release DCI can be received to change state of some of configured SPS. Following the current specification, the serving gNB does not know whether activating/release DCI is successfully decoded before its corresponding HARQ-ACK is received. This means that some SPS of being activated during the triggering DCI reception (for the codebook) and the PUCCH transmission may be regarded as unchanged yet.
[bookmark: _Ref79092050]Proposal 6: The size of the enhanced Type-3 HARQ-ACK codebook can be determined by at least activation/release DCI for SPS.
Similarly, the size of codebook can be reduced when only activated serving cell is considered. In this case, all configured HARQ processes (or some HARQ processes regarding SPS) in activated serving cells can be considered, and deactivated cells are not considered.
Suppose that a HARQ-ACK codebook is based on activated serving cells, the MAC CE can be received to change states of some of configured serving cells. Following the current specification, the timing (in slot) is defined to begin/stop a certain set of operations, and CSI reporting and timer related operations are dealt separately. However, the exact slot of activation/deactivation is not precisely defined. We think the problem can occur at deactivating behavior where the HARQ buffer is flushed. When the HARQ buffer is flushed, the HARQ-ACK can be flushed as well and the Type-3 HARQ-ACK codebook can carry meaningless information for the serving cell.
[bookmark: _Ref79092055]Proposal 7: The size of the enhanced Type-3 HARQ-ACK codebook can be determined by at least activated serving cells.
Processing time
Those alternatives are already captured as options in the feature lead summary. We see the benefits of reducing the size, but some concerns about ambiguity of the size may be raised. In some sense, even though its size is not dynamic, the size can vary depending on the outcome of dynamic signalling. This ambiguity time should be avoided to set the same size between the UE and the serving gNB. In this perspective, a reference time to derive the Type-3 HARQ-ACK codebook needs to be introduced.
In our understanding, with a reference time, the most updated HARQ-ACK can be easily determined. We can think of a state changes of a serving cell or an SPS between the triggering DCI format and the PUCCH (or PUSCH). In addition, a very short period of an SPS implies that multiple PDSCH instances may be received between the triggering DCI format and the PUCCH (or PUSCH). 
In this case, the reference slot should determine which (sub) slot to be used to derive the type-3 HARQ-ACK codebook. For instance, the activating DCI for a SPS config and the activating MAC CE for serving cell(s) should have the reference slot to determine the size of the enhanced Type-3 HARQ-ACK codebook.
[bookmark: _Ref79092059]Proposal 8: The reference time to derive HARQ-ACK codebook is introduced in terms of a (sub) slot, where the HARQ-ACK of relevant HARQ processes are involved.
Number of triggering states:
There are many supporting companies for M>1 codebooks, and one of HARQ-ACK codebooks is triggered. The proponent companies may support the general enhancement for the type-3 HARQ-ACK codebook, however, we think the motivation of this sub-agenda came from the SPS HARQ-ACK dropping in the TDD. If the RAN1 introduces multiple triggering states, then this feature can be applied to various scenarios. We prefer the scope of this discussion to keep the original intention. But if still many companies can believe the more flexibility, we can accept to enhance for the general purpose.
If M=2 type-3 HARQ-ACK codebook is specified, then we think the distinct RNTI can be used. For instance, C-RNTI based triggering can imply the Rel-16 type-3 HARQ-ACK codebook, whereas CS-RNTI based triggering can imply the Rel-17 enhanced type-3 HARQ-ACK codebook. This is motivated from the retransmitting the dropped SPS HARQ-ACK bits due to slot formats. If CS-RNTI based DCI format is used for this purpose, then some reserved field is used to trigger the type-3 HARQ-ACK codebook.
[bookmark: _Ref79092063]Proposal 9: If M=2 type-3 HARQ-ACK codebooks are enabled, then the distinct RNTI can be used to generate a legacy one or an enhancement one.
If M>2 type-3 HARQ-ACK codebooks are specified, the above idea does not apply. The triggering field size should be increased to indicate an index, and this index points to a particular codebook based on the corresponding RRC configuration. In this case, we can rely on the C-RNTI based DCI format only.
2.3. PUCCH carrier switching
	Agreement: Support PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH and semi-static configuration 
· Details are FFS (including applicability of dynamic and/or semi-static means)
· Aim for minimum specification impact 
· Dynamic indication and/or semi-static configuration are subject to separate UE capabilities
· The semi-static PUCCH carrier switching configuration operation is based on RRC configured PUCCH cell timing pattern of applicable PUCCH cells and supports PUCCH carrier switching across cells with different numerologies.
· FFS whether additional rules are needed to support PUCCH carrier switching across cells with different numerologies
· FFS the maximum number of PUCCH cells
· FFS whether and how to support joint operation of dynamic and semi-static carrier switching for a UE
· FFS whether and how to support joint operation of PUCCH carrier switching and SPS HARQ-ACK deferral

Agreement: For PUCCH carrier switching, the PUCCH resource configuration is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell). 

Agreement: For PUCCH carrier switching based on dynamic indication in DCI scheduling a PUCCH (i.e. Alt. 1), the PDSCH to HARQ-ACK offset k1 is interpreted based on the numerology of the dynamically indicated target PUCCH cell.



During previous meetings, the PUCCH carrier switching has been discussed and both DCI based solution and RRC configured solution are agreed. In this subsection, we would focus on the RRC-configured solution (Alt 2C).
For SPS HARQ-ACK deferral: 
The UE is configured to PUCCH cell switching jointly with SPS HARQ-ACK deferral, the ordering should be defined. The deferral can occur at the PCell or at the SCell, depending on which one is applied firstly. In our view, we may not put much efforts on this and it is proposed to choose by configuration either SPS HARQ-ACK deferral or PUCCH cell switching.  
[bookmark: _Ref79092070]Proposal 10: SPS HARQ-ACK deferral may not be configured if PUCCH cell switching is enabled.
Number of SCells for PUCCH:
When many serving cells are activated, the UE can choose at most one serving cell, which is given by DCI/RRC signalling. The RRC signalling tells UE a list of serving cells, and each serving cell in the list corresponds to the PUCCH
[bookmark: _Ref79092076]Proposal 11: The maximum number of PUCCH cell can be the number of configured serving cells.
UCI repetition issue:
The UE can be configured to repeat the PUCCH transmission. Following the current specification, the PUCCH repetition in TDD occurs in the same serving cell (i.e., PCell, etc) and the number of repetitions are keep as being indicated. When we consider the PUCCH cell switching, each PUCCH repetition occurs at possibly different serving cells if repetition is allowed.
Suppose that there are PCell and a SCell whose subcarrier spacings are different. The repetition factor can be interpreted in terms of (sub)slot, and a portion of PUCCH repetitions are in the PCell and the other portion are in the SCell. In one alternative, we can introduce a specification to properly count the number of repetitions. In the other alternative, we can simply prohibit the serving cell switch. This implies that a PUCCH cell is not changed once PUCCH repetitions begins.
[bookmark: _Ref79092081]Proposal 12: Further study to change a serving cell for PUCCH transmission with repetition.
In addition to SPS HARQ-ACK, we think that the PUCCH carrier switching can be applied to other UCI types as well. As the current specification does, the UE multiplexes UCI types in a single PUCCH resource (intra-UL multiplexing), and nextly TDD slot patterns and/or group common DCIs are considered. Also, we have to discuss UCI repetition with PUCCH carrier switching because the transmission may have ambiguity to the frequency resource.
[bookmark: _Ref71626133]Proposal 13: Any UCI type can support the PUCCH carrier switching if supported.
3. Conclusion
[bookmark: _GoBack]Regarding HARQ-ACK deferral,
Proposal 1: The SPS HARQ-ACK deferral can be configured per SPS configuration.
Proposal 2: In addition to semi-static DL/SSB/CORESET0, some of semi-static FL symbols can be invalid by configurations.
Proposal 3: The deferred SPS HARQ-ACK bits are prepended in the Type1 HARQ codebook.
Proposal 4: Further study the Type2 HARQ codebook if deferred SPS HARQ-ACK bits are present
Proposal 5: If being repeated, the PUCCH is transmitted within the latest effective time window in the HARQ codebook if applicable.
Regarding Type-3 HARQ-ACK codebook, 
Proposal 6: The size of the enhanced Type-3 HARQ-ACK codebook can be determined by at least activation/release DCI for SPS.
Proposal 7: The size of the enhanced Type-3 HARQ-ACK codebook can be determined by at least activated serving cells.
Proposal 8: The reference time to derive HARQ-ACK codebook is introduced in terms of a (sub) slot, where the HARQ-ACK of relevant HARQ processes are involved.
Proposal 9: If M=2 type-3 HARQ-ACK codebooks are enabled, then the distinct RNTI can be used to generate a legacy one or an enhancement one.
Regarding PUCCH carrier switching,
Proposal 10: SPS HARQ-ACK deferral may not be configured if PUCCH cell switching is enabled.
Proposal 11: The maximum number of PUCCH cell can be the number of configured serving cells.
Proposal 12: Further study to change a serving cell for PUCCH transmission with repetition.
Proposal 13: Any UCI type can support the PUCCH carrier switching if supported.
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