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1. Introduction
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In the previous meeting, many agreements are made in some issues, while some other issues need more progress. We address our view on remaining issues.
2. Discussion
2.1. SPS HARQ-ACK deferral for TDD
UCI repetition with SPS HARQ deferral:
	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 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 1: If being repeated, the PUCCH is transmitted within the latest effective time window in the HARQ codebook if applicable.
Multiplexing HARQ codebook with priority index:
	Conclusion
If the UE is not configured with Rel-17 Intra-UE multiplexing, SPS HARQ for deferral of different PHY priorities can be separately deferred with the target PUCCHs separately determinated according to their respective PHY priorities.
· FFS on the PHY priority handling for SPS HARQ deferral if the UE configured with Rel-17 Intra-UE multiplexing

Conclusion
For SPS HARQ-ACK deferral, only SPS HARQ-ACK bits subject to deferral from one or more initial slots which have not reached the maximum deferral value are jointly deferred to the next available PUCCH (other SPS HARQ-ACK is dropped). 



In the previous meeting, the Rel-16 behaviour is extended to support SPS HARQ deferral. According to its priority index, SPS HARQ deferral is performed independently, and then the Rel-16 intra-UE multiplex rule would be applied at the target slot. This may lead to choose PUCCH (or PUSCH) of higher priority index.
The remaining issue that we would like to address is to multiplex HARQ codebook of other PDSCHs with deferred HARQ-ACK bits. Other deployment scenarios such as multicast broadcast, sidelink, non-terrestrial network, etc can be considered. The HARQ-ACK from those scenarios can form a HARQ codebook and we see no issue that SPS HARQ deferral can be also configured.
In this case, the deferred SPS HARQ-ACK bits which are valid can be appended to an appropriate location in the HARQ codebook. In our view, it is straightforward that the SPS HARQ deferral is appended to the PDSCH of cellular deployments of the same priority index.
[bookmark: _Ref87022886]Proposal 2: It is allowed to multiplex deferred SPS HARQ-ACK bits in the same priority index.
Regarding SPS HARQ deferral and BWP switching:
We consider the BWP switching with SPS HARQ deferral. According to the current specification, when BWP switching is triggered, SPS is reinitialized, i.e., pending HARQ-ACK is dropped. In our view, this principle can be extended to include deferred SPS case. When the BWP is switched, remaining SPS HARQ bits can be dropped regardless of being deferred or not.
[bookmark: _Ref87022911]Proposal 3: The deferred SPS HARQ would be dropped if BWP switching is triggered.
2.2. [bookmark: _GoBack]Retransmission of cancelled HARQ
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: _Ref87022945]Proposal 4: 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.
HARQ codebook construction
The previous meeting confirmed a new way of HARQ-ACK retransmission would be supported, which is different from the legacy type-2 HARQ codebook and the (enhanced) type-3 HARQ codebook. The DCI triggers the PUCCH transmission whose HARQ codebook is initially transmitted. The UE may have another HARQ codebook which is transmitted by K1 offset. Those HARQ codebooks may be concatenated to a bigger HARQ codebook. In this case, a priority index could be same to multiplex.
[bookmark: _Ref87022950]Proposal 5: The dropped HARQ codebook can be appended to the initial HARQ codebook.
Regarding BWP, the current specification distinguish the time for HARQ-ACK feedback before/after the BWP change trigger. Along with the similar principle, the retransmission of PUCCH may not be expected or HARQ-ACK codebook would be rebuild only for valid HARQ processes, which leads to a size reduction. We think for performance perspective, we prefer the latter one to update the HARQ codebook.
[bookmark: _Ref87022957]Proposal 6: The retransmitting HARQ codebook can consist of only valid HARQ-ACK bits.
Maximum time window for retransmission:
In terms of priority index, we think all priority indices can be considered because retransmission can save latency and resource as well.
As discussed in the previous meeting including post-106, an index can be introduced to indicate a specific HARQ codebook for retransmissions. In this case, it may imply that the UE should store all (or some of) dropped HARQ codebook. In our view, this is a burden to a UE and it can be relaxed by introducing the maximum time window. 
Aside from relaxing memory burden, the traffic latency can be also considered. If the URLLC HARQ-ACK is involved, then the UE may drop some HARQ codebook if HARQ-ACK bits are not valid anymore in perspective of latency.
In some sense, the maximum time window can be implicitly given by the maximum value for the index. However, we think that the gNB should be aware of the capability, thus we have the following proposal.
[bookmark: _Ref87022961]Proposal 7: The maximum time window or the maximum number for keeping HARQ codebooks can be configured.
2.3. PUCCH carrier switching
Semi-static switching with different subcarrier spacings:
	Agreement
Down-select in RAN1#107-e from Alt. 1 & Alt. 3 below:
For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be longer than the target PUCCH cell slot or sub-slot (i.e. multiple target PUCCH cell slots overlapping with a single PCell slot), the following PUCCH cell slot is used for UCI transmission:
· Alt. 1: the first target PUCCH slot overlapping with the PCell slot
· Alt. 3: using a relative slot-offset within the reference cell slot, the relative slot offset is configured in the time domain pattern (i.e. time domain pattern contains ‘cell index’ & ‘slot_offset’ for each reference cell slot)
· Note: different relative slot offset can be configured for each reference cell slot in the time domain pattern, details see R1-2108829
· 



Many discussions are made for different subcarrier spacing between the reference cell BWP and the target cell BWP. As the first case where PCell has longer symbols than SCell, two alternatives would be down selected in this meeting. 
We prefer the Alt 1 because it is the simplest and effective. The PUCCH cell pattern may give two/four slots at the target serving cell. This overhead depends on the largest ratio between subcarrier spacing of PCell BWP and SCell BWP, in our understanding.
An advantage of the Alt 1 is to reduce the latency without additional overhead. While the Alt 2 requires additional RRC signalling overhead, the Alt 1 fixes one slot. This leads to lose flexibility and concentrates the PUCCH load in a target slot in the target serving cell. We think that this disadvantage can be overcome by scheduling. For an example, the gNB can indicate a UE of a priority index 1, which prevents from dropping by ULCI or intra-UE multiplexing.
[bookmark: _Ref87022977]Proposal 8: Alt. 1 (choose the first target slot when the PCell PUCCH slot is longer) is preferred.
	Agreement
Down-select in RAN1#107-e from Alt. 2 & Alt. 4 below:
For PUCCH carrier switching based on semi-static operation, for the case the PCell slot to be shorter than the target PUCCH cell slot,  
· Alt. 2: the UE does not expect the same UCI type (i.e. HARQ-ACK, SR or CSI) from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot
· Note: there can be e.g. HARQ-ACK only be present in either of the overlapping slots, but not in more than one overlapping slot. 
· Alt. 4: the UE does not expect a semi-static PUCC cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot. 



The second case where PCell has shorter symbols than SCell, two alternatives would be down selected in this meeting. Both alternatives intend to simplify the UCI multiplexing. The Alt 2 limits the scheduling to be able to directly apply the current specification, and the Alt 4 limits the configuration itself.
We slightly prefer the Alt 2 because it keeps the philosophy of the current specification. In this case, two PUCCHs may be multiplexed but with no exceptions, i.e., no same UCI types occur at different (sub)slots. Considering the Alt 4, the configuration is limited to align the current multiplexing behavior. In our view, the outcome of Alt 2 and Alt 4 would be equivalent in term of UE behaviors. In our view, the Alt 2 can be a superset of the Alt 4.
[bookmark: _Ref87022982]Proposal 9: Alt. 2 (multiplex a given UCI type within at most one PCell slot) is preferred.
UCI repetition issue:
The UCI repetition with PUCCH cell switching may need some restrictions. This issue is treated the feature lead summary R1-2110562 in the last meeting.
	Question 6.2.11: For semi-static PUCCH cell switching and PUCCH repetition:
· Alt. 1: The target PUCCH cell is determined for each PUCCH repetition individually  
· This may include the limitation of cell switching of the same SCS / PUCCH slot length
· Alt. 2: A PUCCH repetition mapping to a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported (i.e., the target PUCCH cell determination only applies to the first PUCCH repetition)
Proposal 6.2.11: For semi-static PUCCH cell switching and PUCCH repetition, a PUCCH repetition mapping to a different target PUCCH cell from the target PUCCH cell of the first PUCCH repetition is not supported (i.e., the target PUCCH cell determination only applies to the first PUCCH repetition)
Mod2 Proposal 6.2.11: For semi-static PUCCH cell switching and PUCCH repetition, a PUCCH repetition mapping to a different target PUCCH cell from the target PUCCH cell of the first PUCCH repetition is not supported (i.e., the target PUCCH cell determination only applies to the first PUCCH repetition)
· Note: for semi-static PUCCH cell switching, the target PUCCH cell determined for the first PUCCH repetition based on the Rel-16 PUCCH repetition procedure applies to the PUCCH repetition bundle based on the Rel-16 PUCCH repetition procedure 



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.
As we discuss in the previous meeting, much progress should be done to support both UCI repetition with PUCCH serving cell switch. In our view, 
[bookmark: _Ref79092081]Proposal 10: Changing a serving cell for PUCCH transmission with repetition may have the same numerology between serving cells if supported.
Joint operation with 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.
We have some concerns of mixed numerology. If PCell BWP and SCell BWP have different subcarrier spacing, then it is difficult to interpret UCI repetition. The repetition factor can be given in one serving cell but it may be interpreted differently in the other serving cell. The PUCCH resource itself can be different at each serving cell and also code rate and rate matching. 
[bookmark: _Ref87022987]Proposal 11: SPS HARQ-ACK deferral may not be configured if PUCCH cell switching is enabled at least for different numerology.
3. Conclusion
Regarding HARQ-ACK deferral,
Proposal 1: If being repeated, the PUCCH is transmitted within the latest effective time window in the HARQ codebook if applicable.
Proposal 2: It is allowed to multiplex deferred SPS HARQ-ACK bits in the same priority index.
Proposal 3: The deferred SPS HARQ would be dropped if BWP switching is triggered.
Regarding HARQ-ACK retransmissions,
Proposal 4: 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 5: The dropped HARQ codebook can be appended to the initial HARQ codebook.
Proposal 6: The retransmitting HARQ codebook can consist of only valid HARQ-ACK bits.
Proposal 7: The maximum time window or the maximum number for keeping HARQ codebooks can be configured.
Regarding PUCCH carrier switching,
Proposal 8: Alt. 1 (choose the first target slot when the PCell PUCCH slot is longer) is preferred.
Proposal 9: Alt. 2 (multiplex a given UCI type within at most one PCell slot) is preferred.
Proposal 10: Changing a serving cell for PUCCH transmission with repetition may have the same numerology between serving cells if supported.
Proposal 11: SPS HARQ-ACK deferral may not be configured if PUCCH cell switching is enabled at least for different numerology.
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