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Introduction
In this contribution, some analysis and proposals are provided for the topics on avoiding SPS HARQ-ACK dropping for TDD, PUCCH repetition enhancements, transmission of the cancelled HARQ-ACK, Type-1 HARQ-ACK codebook based on sub-slot for URLLC and PUCCH carrier switching for HARQ-ACK. 
HARQ-ACK feedback enhancements for SPS
During the RAN1#106-e meeting discussion, some issues were still not resolved and were left to the RAN1#106b-e meeting as following [1]. In this section, we will analyze and discuss some remaining issues.
	Just as a list of issues that could be (at least) considered for RAN1#106bis-e:
· Handling of PUCCH repetition (see discussions by OPPO and ETRI in their input TDocs)
· There has been a request by QC to discuss SFI handling, but it is moderators understanding that for the SFI handling and semi-static flexible symbols in the initial and the target slot the current SFI & semi-static flexible symbol handling for PUCCH transmission described in Sec. 11.1 of 38.213 applies. If seen as needed, please provide your input to RAN1#106bis-e. 
· Joint operation of SPS HARQ-ACK deferral and PUCCH carrier switching (if joint operation is to be supported) – see discussions of questions 2.5.4 to 2.5.7 in Sec. 2.5 




1.1 Clarification of PUCCH on flexible symbols for SPS HARQ-ACK deferral
In the RAN1#106-e meeting, there was some discussions about the flexible symbols and SPS HARQ-ACK deferral, but there was no final conclusion. This issue was also listed by FL and considered as RAN1#106b-e.
For the flexible symbol and the PUCCH of the SPS HARQ-ACK deferral, we agree that the existing mechanism described in Sec. 11.1 of 38.213 should be reused. However, we have noticed that in the existing specifications, the UE behavior for dynamic PUCCH and semi-static PUCCH is different.
In general, for a dynamic PUCCH, it should be determined whether a flexible symbol can be used according to the SFI indication, and for a semi-static PUCCH, if it is configured with a flexible symbol, then the semi-static PUCCH will be transmitted on the flexible symbol (that is, the dynamic SFI is not expected to modify the flexible symbol configured for semi-static PUCCH) in some cases.
Therefore, we think it should first clarify whether the PUCCH corresponding to the SPS PDSCH and the PUCCH of the SPS HARQ-ACK deferral are dynamic PUCCH or semi-static PUCCH.
We prefer that the PUCCH corresponding to an SPS PDSCH and the PUCCH of the SPS HARQ-ACK deferral are semi-static PUCCH, because the PUCCH resource cannot be dynamically updated by DCI for each transmission when the SPS HARQ-ACK deferral is not multiplexed with dynamic PUCCH in target slot. It is much like the semi-static mechanism, especially for PUCCH of the SPS HARQ-ACK deferral.
If it is confirmed that PUCCH corresponding to an SPS PDSCH and the PUCCH of the SPS HARQ-ACK deferral are semi-static PUCCH, it means the flexible symbols configured for SPS PUCCH will not be overridden by dynamic SFI.
Proposal 1: It should firstly be clarified whether the PUCCH corresponding to the SPS PDSCH and the PUCCH of the SPS HARQ-ACK deferral are dynamic PUCCH or semi-static PUCCH.
1.2 Joint operation of SPS HARQ-ACK deferral and PUCCH carrier switching
For the joint operation of SPS HARQ-ACK deferral and PUCCH carrier switching, there was a preliminary discussion in the RAN1#106-e meeting, but no consensus was reached. We will continue to analyze and discuss this issue.
In principal, supporting joint operation is beneficial to reduce the latency due to deferral compared with only supporting SPS HARQ-ACK deferral.
Case 1: Whether supporting the joint operation of SPS HARQ-ACK deferral and dynamic PUCCH carrier switching? It sounds little strange that the semi-static PUCCH resources for SPS HARQ-ACK deferral may be changed according to a dynamic PUCCH carrier switching indication. This joint operation may complicate the UE implementation.
Case 2: Whether supporting the joint operation of SPS HARQ-ACK deferral and semi-static PUCCH carrier switching? It is natural to support the joint operation as the SPS HARQ-ACK deferral is more like the semi-static behavior and can be combined seamless with semi-static PUCCH carrier switching. 
Therefore, we prefer the joint operation of SPS HARQ-ACK deferral and semi-static PUCCH carrier switching rather than the joint operation of SPS HARQ-ACK deferral and dynamic PUCCH carrier switching. 
Some potential joint operation to determine the target PUCCH slot and PUCCH resources are discussed as following:
Alt.1 
If the condition for triggering the SPS HARQ-ACK deferral in initial slot n in one carrier is satisfied, for example, slot n in this carrier is for DL transmission, the UE can firstly perform semi-static PUCCH carrier switching to determine the target PUCCH slot and PUCCH resource on other carriers within the same duration of slot n. If the target PUCCH slot and PUCCH resource on other carriers within the slot n can be determined, the UE uses this target PUCCH slot and PUCCH resource, i.e., the SPS HARQ-ACK is deferred in the same slot duration but not the same carrier; Otherwise, from slot n + 1 (n + 1 included), the UE performs SPS HARQ-ACK deferred and semi-static PUCCH carrier switching to determine the target PUCCH slot and PUCCH resource respectively, and selects the earlier PUCCH resource or target PUCCH slot as the final PUCCH resource or final target PUCCH slot from the resulting PUCCH resource or target PUCCH slot.
Alt. 2
When the UE performs SPS HARQ-ACK deferral, the target PUCCH slot is determined from the slots configured by the semi-static PUCCH carrier switching mechanism (starting from slot n) in time order. For example, the slots are all the allowed PUCCH slots all over the carriers to be the candidate PUCCH slots for the potential PUCCH slot for deferring feedback of SPS HARQ-ACK, all the allowed PUCCH slots are determined by PUCCH carrier switching time domain pattern configuration.
For the Alt.1 and Alt.2, after the target PUCCH slot is determined, the PUCCH resource can be determined from the corresponding sps-PUCCH-AN-List-r16 or n1PUCCH-AN in the carrier where the target PUCCH slot is located.
Between Alt.1 and Alt.2, we prefer Alt.2 because it is simple to implement for the UE and can avoid handling SPS HARQ-ACK deferral and semi-static PUCCH carrier switching mechanism separately.
Proposal 2: Support joint operation of SPS HARQ-ACK deferral and semi-static PUCCH carrier switching.

1.3 HARQ-ACK information generation in Type-1 codebook for deferring SPS PDSCH
In the RAN1#106-e meeting, the following agreement was reached for Type-1 CB. However, there are still remaining issues. For example, for the UE with the capability of deferring HARQ-ACK feedback for SPS PDSCH, how to generate initial HARQ-ACK information bits in a Type-1 codebook?
	Agreement
For SPS HARQ-ACK deferral, in the target PUCCH slot the deferred SPS HARQ-ACK bits are appended to the initial HARQ bits / Type 1 or Type 2 codebook.



An example is shown in Figure 1. The UE is configured with Type-1 codebook and K1 = {2,3,4}, and the UE is configured with a candidate PDSCH in the first slot. SPS HARQ-ACK deferral is activated. The HARQ-ACK corresponding to the SPS PDSCH is configured to be transmitted in the fourth slot (DL slot) originally, and finally the HARQ-ACK for SPS PDSCH is delayed to the fifth slot due to the collision with DL symbols in fourth slot. In the second and third slots, the dynamically PDSCH is scheduled and the corresponding HARQ-ACK are instructed to be transmitted in the same fifth slot.  A Type-1 codebook will be constructed in the fifth slot according to section 9.1.2.1 of ts38.213.
[image: ]
Figure 1 HARQ-ACK information in the initial HARQ bits generated for the PDSCH 
Obviously, the initial HARQ bits in the Type-1 codebook will contain the feedback for the PDSCHs in the first 3 slots in the figure, how to generate HARQ-ACK information needs to be clarified for the SPS PDSCH in the first slot (or the SLIV group where the PDSCH is located), Two possible ways can be considered, either the actual HARQ-ACK is generated according to decoding the SPS PDSCH, or a NACK is generated for the SPS PDSCH. If an actual HARQ-ACK is generated, the HARQ-ACK corresponding to the SPS PDSCH will be constructed twice as deferred SPS HARQ-ACK bits are appended to the initial HARQ bits in Type-1 codebook according to the agreement in last meeting.
A simple NACK for the SPS PDSCH in the first slot included in the initial HARQ bits is preferred, and the information bit of SPS HARQ-ACK deferral will be appended after all the initial HARQ bits. As the gNB is aware of the NACK information in the initial HARQ bits in Type-1 codebook, it is helpful to improve the decoding performance of PUCCH.
Proposal 3: If the HARQ-ACK feedback for a PDSCH is performed with SPS HARQ-ACK deferral, and if a Type-1 codebook contains the PDSCH, NACK information is generated for the PDSCH in the initial HARQ bits in Type-1 codebook.

PUCCH repetition enhancements (at least for HARQ-ACK)
In the RAN1#106-e meeting, the following agreements were reached. The SR/CSI PUCCH repetition based on sub-slot was also discussed, but no agreement about this was reached. Therefore, it was listed as an issue by FL for RAN1#106b-e.
	Agreement 
For sub-slot based PUCCH repetition for HARQ-ACK, semi-static configured PUCCH repetition (i.e. using nrofSlots) and dynamic repetition factor based operation is supported. 
· Sub-slot based PUCCH repetition based on semi-static configuration (i.e. using nrofSlots) and based on dynamic indication is subject to separate UE capabilities
Agreement
Support slot-based PUCCH repetition for PUCCH Format 0 and Format 2 also for single TRP operation. 
· The support is subject to independent UE capability indication



	Just as a list of issues that could be (at least) considered for RAN1#106bis-e:
· Supported UCI types for sub-slot based PUCCH repetition using nrofSlots
· See the discussions in Sec. 4.5 on Proposal 4.5.1 and please check carefully the input given by DoCoMo there. It seems that also specs changes will be needed for the case we support sub-slot based PUCCH repetition for SR and CSI due to the definition of the starting position being per slot (and not within sub-slot)
· Any relation to PUCCH repetition with the Cov. Enh. WI
· Please coordinate with your Cov. Enh. colleagues to see, what decisions may still need to be done in the URLLC WI (in case the Cov. Enh. decisions / design for slot-based PUCCH repetition may not be directly applicable for sub-slot based PUCCH repetition)


In the current specifications cited below, if subslotLengthForPUCCH is configured, the corresponding SR/CSI PUCCH symbol is confined in the sub-slot. 
	If a UE is provided one PUCCH-Config
-	if the UE is provided subslotLengthForPUCCH in the PUCCH-Config, the PUCCH resource for any SR configuration with priority index 0 or any CSI report configuration in the PUCCH-Config is within the subslotLengthForPUCCH symbols in the PUCCH-Config
If a UE is provided two PUCCH-Config
-	if the UE is provided subslotLengthForPUCCH in the first PUCCH-Config, the PUCCH resource for any SR configuration with priority index 0 or any CSI report configuration in any PUCCH-Config is within the subslotLengthForPUCCH symbols in the first PUCCH-Config
-	if the UE is provided subslotLengthForPUCCH in the second PUCCH-Config, the PUCCH resource for any SR configuration with priority index 1 in any PUCCH-Config is within the subslotLengthForPUCCH symbols in the second PUCCH-Config
…
In the remaining of this clause, if a UE is provided subslotLengthForPUCCH, a slot for an associated PUCCH resource of a PUCCH transmission with HARQ-ACK information includes a number of symbols indicated by subslotLengthForPUCCH.
…
If a UE is provided subslotLengthForPUCCH in a PUCCH-Config, the first symbol of a PUCCH resource provided by PUCCH-ResourceSet or SPS-PUCCH-AN-List in PUCCH-Config or by n1PUCCH-AN in SPS-Config for multiplexing HARQ-ACK in a PUCCH transmission is relative to the first symbol of the subslotLengthForPUCCH symbols [12, TS 38.331]. For the remaining cases, the first symbol of a PUCCH resource is relative to the first symbol of a slot with [image: C:\Users\10005275\AppData\Local\Temp\ksohtml11676\wps1.jpg] symbols [4, TS 38.211]. 
…



But only for HARQ-ACK information transmission, the starting symbol of PUCCH resource is defined relative to the boundary of sub-slot. For SR and CSI, the starting symbol aligns with the slot boundary in current specification. Also the periodicity or relative offset is defined with reference of slot.
Further, if subslotLengthForPUCCH is configured, for the number of symbols contained in one UL slot or UL subslot, only for HARQ-ACK, the UL slot terminology can be regarded as UL subslot, i.e., the number of symbols contained in one UL slot is equal to the number of symbols in the sub-slot. In other words, if subslotLengthForPUCCH is configured, a UL slot for HARQ-ACK can contain 2 or 7 symbols. But for SR and CSI, there is no such assumption on term substitution. 
Based on the above analysis, if sub-slot based SR/CSI PUCCH repetition is supported, below related aspects of the specification modification should be considered.
· The UL slot for SR and CSI can be regarded as equal with UL subslot if subslotLengthForPUCCH is configured. The modification on specification can imitate the description of UL slot for HARQ-ACK.
· The starting symbol definition of SR and CSI should align with the boundary of subslot.
· The periodicity or offset of SR and CSI may need some adjustments.
From our perspective, the related modifications are mostly wording change which can be handled by editor.
We are open to support sub-slot SR/CSI PUCCH repetition.
Proposal 4: Support sub-slot SR /CSI PUCCH repetition.

Transmission of the cancelled HARQ-ACK
In the RAN1#106-e meeting, the following agreements were reached for this topic. During the discussion, some issues were still not resolved and were left to the RAN1#106b-e meeting. In this section, we will analyze and discuss the remaining issues listed by FL.
	Agreement 
The DCI triggering (by a DL assignment) the one-shot HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB dynamically indicates the HARQ-ACK codebook(s) / PUCCH occasions to be re-transmitted. 
· FFS details 

Agreement 
A single DCI triggering the Rel-17 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 can trigger the re-transmission of HARQ-ACK information of only a single HARQ-ACK CB. 
Agreement 
The Rel-17 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 is done through an explicit triggering indication in the DCI through a DCI field. 
Agreement
For Rel-17 one-shot triggering for HARQ-ACK re-transmission, the UE does not expect more than one triggering DCI for Rel-17 one-shot feedback indicating the same PUCCH slot for the re-transmission of HARQ-ACK CBs of different PUCCH slots to be re-transmitted
· Note: i.e. only a single HARQ-ACK codebook / PUCCH occasion can be re-transmitted in a PUCCH slot




	Just as a list of issues that could be (at least) considered for RAN1#106bis-e:
· Rel-16 Type 3 HARQ-ACK codebook enhancements 
· Note: no additional enhancements currently identified by moderator based on the companies’ inputs. 
· Rel-17 enh. Type 3 HARQ-ACK codebook
· Triggering details (i.e. how to indicate the enh. Type 3 CB which is triggered)
· see discussions (question) in Sec. 3.5 (1 bit versus N-bit DCI, DCI can schedule PDSCH or not) 
· Additional ways to define the enh. Type 3 CB? (at least the per HARQ process and per CC should allow configuring all combinations, except taking any activation into account which had been not supported by a sizable group of companies)
· Rel-17 one-shot triggering for HARQ-ACK re-transmission
· ‘Offset’ indication (i.e. how to indicate the HARQ-ACK codebook for re-transmission)
· See discussions in Sec. 3.5 around question 3.5.2
· Triggering DCI details in terms of DCI field usage & ability to scheduled PDSCH at the same time
· See discussions in Sec. 3.5  such as Questions 3.5.1, please consider the need to have states ‘no trigger’ and then we need to indicate ‘trigger’ with different ‘offset’ values. 
· HARQ-ACK codebook construction in the ‘target PUCCH slot’
· Not discussed during RAN1#106-e – see some initial company inputs in Sec. 3.1
· How to define the HARQ-ACK codebook considering ‘new, initial’ HARQ-ACK information and the HARQ-ACK codebook A/N information to be re-transmitted? (i.e. append / combine / …)
· Are there any further restrictions needed?
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1.4 When to trigger the transmission of the cancelled HARQ-ACK
In Rel-16, when a low-priority HARQ-ACK PUCCH conflicts with a high-priority PUCCH or a high-priority PUSCH, the low-priority HARQ-ACK PUCCH is canceled. If the dropped low-priority PUCCH carries many HARQ-ACK bits, all related PDSCHs have to be re-transmitted. In order to avoid this, one way is to perform intra-UE multiplexing which is discussed in a parallel agenda of Rel-17 URLLC. However, intra-UE multiplexing with different priorities will also negatively impact the transmission with high priority. And in some cases, the multiplexing of PUCCHs with different priorities cannot be done as the requirement of timeline. For example, high-priority PUCCH and low-priority PUCCH may not meet the multiplexing timeline due to the low latency requirement of the high-priority PUCCH. So, dropping is still expected, and thus enhancement on transmission of low-priority HARQ-ACK should be considered.
[image: ]
Figure 2 an example of low-priority PUCCH resources to be modified.
For example, in Figure 2, a low-priority HARQ-ACK PUCCH is scheduled first, and then a high-priority PUCCH is scheduled and overlaps with the low-priority PUCCH. After the high PDCCH is received, the UE will know that the low-priority PUCCH will be cancelled. After the high PDCCH detection, the base station can send the new PDCCH to trigger a new low-priority PUCCH resource for the cancelled PUCCH retransmission as early as possible. In other words, the cancelled HARQ-ACK codebook can be triggered for transmission at the earliest after the conflict is determined. We believe that the cancelled HARQ-ACK codebook retransmission should be triggered as early as possible, which is beneficial to the UE, for example, avoiding the re-construction of the HARQ-ACK codebook.
Proposal 5: The cancelled HARQ-ACK codebook should be triggered for retransmission as early as possible after the conflict is determined, for example, the earliest trigger starts after the decoding of PDCCH corresponding to the high-priority PUCCH.

1.5 Dynamically indicating a cancelled PUCCH for HARQ-ACK re-transmission
In the RAN1#106-e meeting, there was discussion about dynamically indicating a cancelled PUCCH for HARQ-ACK re-transmission, but there was no final conclusion. 
There are two options below for Question 3.5.2 to be discussed in order to determine the offset between a reference point and a retransmission for cancelled PUCCH.
	Question 3.5.2: On the definition of some ‘PUCCH slot offset’ for dynamically indicating the HARQ-ACK codebook(s) / PUCCH occasions to be re-transmitted:
· Alt. 1: the PUCCH slot offset defines the offset between the triggering DCI and the PUCCH slot of the HARQ-ACK codebook to be re-transmitted (see Fig. 4 from CATT above)
· Alt. 2: the PUCCH slot offset defines the offset between the new PUCCH slot for transmission and the PUCCH slot of the HARQ-ACK codebook to be re-transmitted (see Fig. 5.1 from Nokia above)
· Alt. 3: Other 



From our point of view, we slightly prefer Alt. 1, because the distance of the offset may be smaller than that of Alt.2 as the DCI for retransmitting is more close to the PUCCH slot of the HARQ-ACK codebook to be re-transmitted. The less distance of offset would produce less overhead in corresponding DCI. Moreover, UE can directly derive the PUCCH slot of the HARQ-ACK codebook to be re-transmitted from the offset indication in DCI, no need to indirectly compute this from the location of new PUCCH slot. 
Regarding the value of offset, it could be positive or negative. A positive value means that the slot where the cancelled PUCCH is located is after the slot where the ttriggering DCI is located. A negative value means that the slot where the cancelled PUCCH is located is before the slot where the ttriggering DCI is located. In Figure 3, the triggering DCI is transmitted in slot n+1. If offset= -1, it means that PUCCH1 in slot n should be retransmitted. If offset=1, it means that PUCCH2 in slot n+2 should be retransmitted.
[image: ]
Figure 3 offset indicating a PUCCH to be retransmitted.
For the case of triggering DCI to be transmitted before the slot of cancelled PUCCH, we think it is very likely possible and beneficial to reduce the latency of retransmission. In the example shown in Figure 2, after the high PDCCH is detected, the UE and the base station can determine that the low priority PUCCH will be cancelled due to overlapping with the high priority PUCCH. Therefore, after the high priority PDCCH decoding, the retransmission triggering DCI can immediately be sent as early as possible to trigger the retransmission of the cancelled LP PUCCH on the new PUCCH resource. 
Proposal 6: Support Alt. 1 to define the offset which indicates a PUCCH to be retransmitted.
· Alt. 1: the PUCCH slot offset defines the offset between the triggering DCI and the PUCCH slot of the HARQ-ACK codebook to be re-transmitted
· The value of offset could be positive or negative.
1.6 Missing detection of the cancelled PUCCH to be re-transmitted
We believe that missing detection of the cancelled PUCCH to be retransmitted is a valid issue if the cancelled PUCCH to be retransmitted at a new PUCCH resource. The following example in Figure 3 illustrates that if the DCI for PUCCH to be retransmitted is missing, it will cause more complicated problems.
From gNB perspective, PUCCH 1 is cancelled and need to be retransmitted. The triggering DCI indicates that PUCCH 1 will be retransmitted. From UE perspective, if UE missed the DCI for the construction of HARQ-ACK codebook in PUCCH 1, UE cannot determine the new PUCCH indicated by the triggering DCI from the PUCCH resource set due to the lack of the size of the HARQ-ACK codebook if the DCI for PUCCH1 is missing and the PUCCH indicated by the triggering DCI will not be transmitted eventually. Then, the gNB can’t receive the new PUCCH indicated by the triggering DCI, and the gNB can’t know the reason whether the UE missed the triggering DCI or missed the DCI for PUCCH1. Therefore, the gNB cannot determine whether to retransmit the PDSCHs corresponding to PUCCH 1 or retransmit the triggering DCI. The main reason for gNB can’t distinguish whether the DCI for PUCCH1 is missing or triggering DCI is missing is due to the cancellation of LP PUCCH1, the missing issue of DCI for LP PUCCH1 is covered by the cancellation and this ambiguity is deferred into the step of retransmission of cancelled PUCCH.
Facing the uncertain reason of no reception of the new PUCCH, to be safe, gNB will retransmit the PDSCHs corresponding to PUCCH1 but not the triggering DCI whatever the DCI for PUCCH1 is missing or triggering DCI is missing. Obviously, this will potentially lead to unnecessary retransmission of PDSCHs and unnecessary latency if only the triggering DCI is missed. If the gNB is more aggressive and only retransmits the triggering DCI to reschedule the PUCCH1 retransmission, this can’t solve the problem of missing detection of the cancelled PUCCH. 
In order to solve the above problem, a size field should also be introduced in the triggering DCI to indicate the size of the HARQ-ACK codebook to be retransmitted. In this way, if the triggering DCI is received and the cancelled PUCCH1 is missed, the UE can still transmit the new PUCCH containing all NACKs. So, gNB will know that the PDSCHs corresponding to PUCCH1 should be retransmitted. If the base station does not receive the new PUCCH, the gNB will also know that the triggering DCI was missed.
In summary, we believe that from the perspective of transmission efficiency, a size field should be added to the triggering DCI.
Proposal 7: Support the introduction of a size field in the trigger DCI to indicate the size for HARQ-ACK codebook in the PUCCH to be retransmitted.

Type-1 HARQ-ACK codebook based on sub-slot for URLLC
The following agreement could be reached on this issue during RAN1#104b-e [2]: 
	Agreement: Support Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration in Rel-17.
· The properties of the Type-1 HARQ-ACK codebook for sub-slot PUCCH at least includes that a PDSCH TDRA is associated with a UL /PUCCH sub-slot if the end of the PDSCH overlaps with the associated sub-slot determined by a k1 in the set of sub-slot timing values K1. 
· FFS: whether the PDSCH TDRA grouping is performed per DL slot or sub-slot
· Decide between PDSCH TDRA grouping per DL slot and sub-slot during RAN1#105-e 


FL further provides discussion issues for the next meeting, for example, the focus of the remaining discussion / required decision is on the TDRA grouping / pruning. Below we provide perspectives for these remaining issues.
Issue 1: The unnecessary repeated construction of type1 HARQ-ACK codebook is caused by sub-slots
To clarify this issue, an example is shown in Figure 4. The SCS of UL is 15KHz and the SCS of DL is 15KHz. Two UL 7-symbol sub-slots exactly correspond to one DL slot. If the UE's k1 set is {3, 4} and the Type-1 HARQ-ACK codebook is indicated to be transmitted in sub-slot n, then the two UL sub-slots in Figure 4 will be selected to pass n-k1 respectively, but their corresponding DL slot is the same.
According to Rel-16 specification, when the slot based Type-1 HARQ-ACK codebook is constructed, the outer loop in corresponding pseudo code is firstly performed according to each k1, but not every k1 will be valid to enter into the loop and then there is no repetitive construction of HARQ-ACK codebook if two consecutive k1 values will cause twice HARQ feedback for PDSCHs in the same DL slot. This mechanism is guaranteed by the code of “if [image: ]”. In this way, if the uplink transmission is slot level in Figure 4, when k1=3, a DL slot is determined through n-3, and the PDSCHs in the DL slot are used to construct the Type-1 HARQ-ACK codebook. But when k1=4, the same DL slot is determined through n-4, and the PDSCHs in the same DL slot are skipped and not used to construct the type1 HARQ-ACK codebook twice as no permission to enter the loop again. 
[image: ]
Figure 4 An example of one DL slot corresponds to multiple UL slots/sub-slots.

Obviously, in Rel-17, when the sub-slot based Type-1 HARQ-ACK codebook  is introduced, for example, in Figure 4, 2 UL 7-symbol sub-slots correspond to a DL slot (a slot contains 14 symbols), the same problem will also occur and same codebook will be constructed twice. That is to say, it will potentially cause additional overhead for the Type-1 HARQ-ACK codebook. 
Note that this issue occurs as long as the sub-slot is introduced, regardless of whether the Type-1 codebook is constructed based on PDSCH TDRA grouping per DL slot or sub-slot.
Observation 1: If multiple UL sub-slots correspond to a DL slot, it will potentially cause additional overhead for the Type-1 HARQ-ACK codebook because the DL slot is used multiple times for construction of the Type-1 HARQ-ACK codebook.

Then the similar mechanism as Rel-16 could be used to prohibit the unnecessary HARQ-ACK codebook construction. When sub-slot based Type-1 HARQ-ACK codebook is generated, if a DL slot is repetitively used to construct a Type-1 codebook, the DL slot should be prohibited from being used to construct a Type-1 codebook again. However, for the case mentioned in issue 2 below, the common boundary of two consecutive DL slots is aligned with the middle of a UL sub-slot. For this case, it is assumed that the sub-slot contains the two DL slots in order to execute pseudo-code.
In order to achieve the above objectives, the following modification can be considered in TS38.213:
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Proposal 8: The unnecessary repetitive construction of the Type-1 HARQ-ACK codebook due to the fact that one DL slot corresponds to multiple uplink sub-slots should be prohibited.

Issue 2: Dividing SLIV group in the case that UL SCS=15KHz, DL SCS=30KHz, and subslotlength=2 OS
In the RAN1#104b-e meeting, this question was raised as shown in Figure 5 below as a reference.
	Option 1 has several issues as we commented over the email reflector: ...; 3) in case of mixed numerology, there’re scenarios in which a DL slot is not multiple of UL sub-slots (e.g., when UL SCS=15KHz, DL SCS=30KHz, and subslotlength=2 OS), how to do per-DL-slot pruning is questionable, whereas per-subslot based TDRA pruning is much straightforward.


In Figure 5, the SCS of UL is 15KHz, the SCS of DL is 30KHz, and the sub-slot contains 2 OFDM symbols. An example of dividing SLIV groups based on per slot is given below. Here the PDSCH associated with a sub-slot is determined based on: the end of the PDSCH overlaps the UL sub-slot (This has been agreed in the Ran1#104b-e meeting). 
In Figure 5, if the sub-slots determined by n-k1 are the first, fourth, and seventh UL sub-slots, the PDSCHs determined to be used to divide the SLIV group include:
In the first DL slot, the PDSCHs associated with the first sub-slot and the fourth sub-slot are used as a new PDSCH set, and the new PDSCH set is divided into SLIV groups in the first DL slot.
In the second DL slot, the PDSCHs associated with the fourth sub-slot and the seventh sub-slot are used as a new PDSCH set, and the new PDSCH set is divided into SLIV groups in the second DL slot.
In Figure 5, if the sub-slots determined by n-k1 is the 1st to 7th, the determined PDSCH used to divide the SLIV group includes:
In the first DL slot, the PDSCHs associated with the 1st to 4th sub-slot are used as a new PDSCH set, and the new PDSCH set is divided into SLIV groups in the first DL slot.
In the second DL slot, the PDSCHs associated with the 4th to 7th sub-slot are used as a new PDSCH set, and the new PDSCH set is divided into SLIV group in the second DL slot.
If the sub-slot determined by n-k1 is only the fourth, the determined PDSCH used to divide the SLIV group includes:
In the first DL slot, the PDSCHs associated with the fourth sub-slot are used as a new PDSCH set, and the new PDSCH set is divided into SLIV groups in the first DL slot.
In the second DL slot, the PDSCHs associated with the fourth sub-slot are used as a new PDSCH set, and the new PDSCH set is divided into SLIV groups in the second DL slot.
Therefore, dividing SLIV groups based on per slot can still work in the example shown in Figure 5.
[image: ]
Figure 5 an example for UL SCS=15KHz, DL SCS=30KHz, and subslotlength=2 OS
Observation 2: Dividing SLIV group based on per slot can still work when UL sub-slot crossing 2 DL slots boundary.

Issue 3: How to generate HARQ-ACK information for Type-1 HARQ-ACK codebook based on sub-slot in case of one DL slot overlapping with one or more UL sub-slots?
In order for the Type-1 HARQ-ACK codebook to support sub-slots, it should be strived to minimize standardization efforts and UE implementation complexity. A simple method is provided as following and there is no introduction of additional HARQ-ACK overhead.
For the convenience of description, the following steps are introduced to construct a Type-1 HARQ-ACK codebook based on sub-slot:
1　 Determine the DL slot corresponding to the Type-1 HARQ-ACK codebook;
2　 Within the determined DL slot, if the end symbol of a PDSCH TDRA does not overlap with the determined UL sub-slot (n-k1), then delete the PDSCH TDRA from the PDSCH TDRA of the determined DL slot;
3　 The remaining PDSCH TDRA in the determined DL slot is divided into SLIV groups per slot level;
4　 Generate HARQ-ACK information for each SLIV group.
[image: ]
Figure 6 Type-1 HARQ-ACK codebook construction based on UL sub-slot
For example, in Figure 6, the UE is configured with a UL sub-slot with a length of 2 symbols (or called a UL slot, containing the number of symbols equal to the number of symbols of the sub-slot, and the following UL sub-slot can be replaced by the UL slot). The configuration of PDSCH#1~PDSCH#8 is shown in Figure 6 in a DL slot. Corresponding to Figure 6, it is supposed that the UE has determined the DL slot (or UL sub-slot) corresponding to the Type-1 HARQ-ACK codebook, and further it is supposed that the UE has determined the UL sub-slot as the first, second, fifth and seventh UL sub-slots by n-k1 in Figure 6.
In this way, the end symbol of PDSCH#4, PDSCH#5 and PDSCH#6 does not overlap with the determined UL sub-slots, so PDSCH#4, PDSCH#5 and PDSCH#6 are removed from the PDSCHs candidates for generating HARQ-ACK feedback corresponding to the DL slot. Therefore, the remaining PDSCHs for generating HARQ-ACK are PDSCH #1, PDSCH#2, PDSCH#3, PDSCH#7 and PDSCH#8. Note that not all PDSCH candidates in the DL slot are used to construct a Type-1 codebook.
Next, for PDSCH#1, PDSCH#2, PDSCH#3, PDSCH#7, and PDSCH#8, the SLIV group is divided based on slot level within the DL slot. Finally, the obtained SLIV groups are group {#1, #2}, group {#3} and group {#7, #8}, with a total of 3 SLIV groups. Each SLIV group generates a corresponding HARQ-ACK bit, in order to construct a Type-1 HARQ-ACK codebook.
A possible specification modification for the Type-1 HARQ-ACK codebook based on sub-slot with grouping per slot level is provided as follows for TS38.213:
	[bookmark: _Toc26719407][bookmark: _Toc29917294][bookmark: _Toc29894840][bookmark: _Toc36498168][bookmark: _Toc45699194][bookmark: _Toc29899557][bookmark: _Toc20311582][bookmark: _Toc60601311][bookmark: _Ref505248562][bookmark: _Toc12021470][bookmark: _Toc29899139]9.1.2.1	Type-1 HARQ-ACK codebook in physical uplink control channel
...
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if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot  to slot , at least one symbol of the PDSCH time resource derived by row [image: ] is configured as UL where [image: ] is the k-th slot timing value in set [image: ],

Or, if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot 


 to slot , the end symbol of the PDSCH time resource derived by row [image: ] does not overlap with any UL slot(s) for an associated PUCCH transmission, where [image: ] is the k-th slot timing value in set [image: ], where the UL slot(s) simultaneously meets: 1) the UL slot(s) overlaps with the aforementioned each slot in the time domain; 2) the UL slot(s) belong to a set of slots determined by  where [image: ] is the each k1 value in set [image: ],
[image: ];
else
[image: ]; 
end if
...
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if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot  to slot , at least one symbol of the PDSCH time resource derived by row [image: ] is configured as UL where [image: ] is the k-th slot timing value in set [image: ], 

Or, if the UE is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot 


 to slot , the end symbol of the PDSCH time resource derived by row [image: ] does not overlap with any UL slot(s) for an associated PUCCH transmission, where [image: ] is the k-th slot timing value in set [image: ], where the UL slot(s) simultaneously meets: 1) the UL slot(s) overlaps with the aforementioned each slot in the time domain; 2) the UL slot(s) belong to a set of slots determined by  where [image: ] is each k1 value in the set [image: ],
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else
[image: ]; 
end if
...



Proposal 9: Determine the type1 HARQ-ACK codebook based on sub-slot with grouping per slot level with the following procedure:
1　 Determine the DL slot corresponding to the type1 HARQ-ACK codebook;
2　 Within the determined DL slot, if the end symbol of a PDSCH TDRA does not overlap with the determined UL sub-slot (n-k1), then delete the PDSCH TDRA from the PDSCH TDRA of the determined DL slot;
3　 The remaining PDSCH TDRA in the determined DL slot is divided into SLIV groups per slot level;
4　 Generate HARQ-ACK information for each SLIV group.

PUCCH carrier switching for HARQ-ACK feedback
In the RAN1#105-e [3] and 106-e meeting, some of the following agreements were reached for this topic. After the discussion, a detailed list of issues are provided by FL for the two schemes to be discussed in the RAN1#106b-e meeting. In this section, we will analyze and discuss the remaining issues.
	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.



	Just as a list of issues that could be (at least) considered for RAN1#106bis-e:
· SUL support and Terminology issue
· See the discussions in Sec. 6.6, 6.7 and 6.8
· This seems to be the first thing to sort out, to be able to move on also with other issues. 
· Stable proposals from RAN1#106-e except the terminology issue (Sec. 6.8)
· This includes TPC operation (Mod. Proposal 6.1), dynamic indication restrictions (Mod. Proposal 6.3) time-domain pattern configuration (Mod3 Proposal 6.4, Proposal 6.8.2 - consider), k1 offset interpretation for semi-static operation (Mod Proposal 6.5), PRI usage for semi-static operation (Proposal 6.6), new DCI field for PUCCH cell (or carrier) indication (Mod. Proposal 6.2), restriction in terms of pattern configuration (Proposal 6.5.5).   
· In your input documents, if you still have issues or similar, please comment on these. Otherwise, the moderator plans to bring these for agreement as soon as we have sorted out the terminology / SUL issue during RAN1#106-e
· Max. number of PUCCH cells (or carriers) 
· See discussions from 1st round (Sec. 6.2)
· Limitation given by specification, or could there be some UE capability on the max. number supported from a UE (i.e. 2 in total for entry level, up to 4 for enhanced UEs)?
· Mixed numerology / mixed sub-slot length operation for dynamic indication and semi-static operation
· See discussions in Sec. 6.5, around Questions 6.5.3 to Question 6.5.7
· For semi-static operation, this is also related to which cells is used as ‘reference cell’ (see Mod Proposal 6.7)
· HARQ-ACK codebook construction for the two operation modes
· Not discussed during RAN1#106-e
· Please see the summary of input Tdocs in Sec. 6.1 under ‘HARQ codebook construction’
· SR and CSI handing for dynamic indication based operation
· Please note, we only have an agreement for semi-static operation to support also SR and CSI 
· Other restrictions such as OoO HARQ etc.??
· See input by companies in their TDocs summarized in Sec. 6.1 
· Joint operation of dynamic indication and semi-static time-domain pattern
· Some discussions in Round 1 (Sec. 6.2) – see there




1.7 Potential method for dynamic PUCCH carrier switching
In the RAN1#104b-e meeting, several candidates were provided. Here we further investigate possible detailed contents for each alternatives.
· Alt. 1: PUCCH carrier switching is based on dynamic indication in DCI
Alt.1 can have more specific implementation methods.
Method 1: Add an indication field into DCI for PUCCH carrier switching.
Method 2: Reinterpret the legacy field in the DCI. For example, the high bits of PRI or k1 are reinterpreted as PUCCH carrier switching indication. The reinterpretation of the high bits of PRI or k1 needs to reduce the number of available PUCCH resources in the PUCCH set or the number of k1 values in the k1 set. For URLLC service, the k1 value is usually smaller than eMBB service, reducing the number of k1 value in k1 set is not harmful for k1 value set as less k1 values are likely to be configured in the k1 set.
Method 3: PRI is used to instruct PUCCH carrier to switch based on a new PUCCH resource set, which includes PUCCH resources of different UL CCs in the PUCCH cell group. For example, the new PUCCH resource set can be configured to include PUCCH resources of different UL CCs in the PUCCH cell group involved in PUCCH carrier switching. In this way, the PRI in the DCI not only indicates the PUCCH resource, but also indicates the PUCCH carrier. This method will not affect the physical layer specifications. 
An example is shown for method 3: a PUCCH carrier group for PUCCH switching is configured, and one PUCCH resource set is configured, all the carriers in the group will be involved in the PUCCH resource set. For example, we have two CCs, CC1 and CC2 in the switching group, and the PUCCH resource set can be {CC1 PUCCH resource 1, CC1 PUCCH resource 2, CC1 PUCCH resource 3, CC1 PUCCH resource 4, CC1 PUCCH resource 5, CC2 PUCCH resource 1, CC2 PUCCH resource 2, CC2 PUCCH resource 3}, which has total 8 resources, the number of PUCCH resources for each CC doesn’t need to be equal or unequal.
Method 1 will increase the overhead of DCI and potentially affect the reliability of DCI. Method 2 is suitable for the PUCCH carrier to switch between two carriers. If the number of PUCCH carriers is larger, the method 2 is unacceptable because it occupies more high bits of k1 or PRI. Method 3 is more flexible, it does not increase the overhead of DCI, and the number of PUCCH carriers that can be supported is relatively large. Just a new PUCCH resource set need to be configured by RRC signaling.
In above methods, we prefer Method 3 because it is simple and does not affect the physical layer specifications. 
Proposal 10: For dynamic PUCCH carrier switching, dynamic indication in DCI should be supported.
· PRI is used to instruct PUCCH carrier switching from a new configured PUCCH resource set, which can include PUCCH resources of different UL CCs configured to allow PUCCH carrier switching. 

· Alt. 2: the semi-static PUCCH carrier switching configuration operation
Configure multiple carriers for the UE for PUCCH carrier switching. Determine a reference carrier for the UE. Configure the PUCCH carrier and PUCCH slot based on the slot of the reference carrier through RRC signaling.
As an example, in Figure6, the UE is configured with 4 carriers for PUCCH carrier switching. The reference carrier is determined to be PCell. Then the base station can configure a PUCCH carrier for the UE during the slot duration of the PCell. For example, during the duration of the second slot in the reference CC, CC3 is configured as a carrier for transmitting PUCCH (for example, the fourth slot in CC3 is marked as PUCCH transmission (marked by a "+")). In this way, if a PUCCH wants to be transmitted during the second slot of the reference CC, the PUCCH is transmitted in the fourth slot of CC3. Similarly, during the duration of the third slot of the reference carrier, CC0 is configured as a carrier for transmitting PUCCH (the third slot in CC0 is marked as PUCCH transmission (marked by "+")); During the fourth slot of the reference carrier, CC1 is configured as a carrier for transmitting PUCCH (the fourth slot in CC1 is marked as PUCCH transmission (marked by "+")); During the fifth slot of the reference CC, CC1 is configured as a carrier for transmitting PUCCH(the fifth slot in CC1 is marked as PUCCH transmission (marked by "+")); During the sixth slot of the reference carrier, CC0 is configured as a carrier for transmitting PUCCH (the sixth slot in CC0 is marked as PUCCH transmission (marked by "+")).
Here, the configuration of the aforementioned PUCCH carrier can be periodic, for example, the duration of the period can be configured through RRC signaling. Within a period, each candidate PUCCH carrier corresponds to a bitmap signaling based on the number of UL slots in the period. The bitmap signaling configures whether a PUCCH slot is valid for PUCCH switching, and it implicitly indicates the valid PUCCH carrier from the candidate PUCCH carriers within the slot of the reference carrier. For example, only one PUCCH slot in the valid PUCCH carrier can be used within the duration of each reference carrier slot.
For example, Figure 7 shows the configuration period of a PUCCH carrier. Within the period, there are 2 UL slots in CC0, so the bitmap signaling is 2 bits, which is configured as 11("1" indicates that the corresponding UL slot is configured to transmit PUCCH, and "0" indicates that the corresponding UL slot is not configured to transmit PUCCH). There are 2 UL slots in CC1, so the bitmap signaling is 2 bits, which is configured as 11. There is 1 UL slot in CC2, so the bitmap signaling is 1 bit, which is configured as 0. There are 4 UL slots in CC3, so the bitmap signaling is 4 bits, which is configured as 1000. 
The k1 in DCI is interpreted based on the numerology of the reference carrier. The PRI in the DCI determines the PUCCH from the configured PUCCH carrier. 
For example, after receiving a DCI, the UE determines a slot from the reference carrier according to k1, and then determines the PUCCH carrier and a PUCCH slot within the slot duration according to configuration signaling (such as bitmap signaling). Then the UE determines a PUCCH resource in the PUCCH slot from the PUCCH carrier according to the PRI.
Using the above method, it can configure the PUCCH carrier for the UE per reference carrier slot, especially when multiple carriers are in the uplink slot at the same time, the above method can determine a PUCCH carrier from the multiple carriers.
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Figure 7 An example for semi-static configuring PUCCH carrier
Proposal 11: For the semi-static PUCCH carrier switching configuration operation:
· Support to configure multiple carriers for PUCCH carrier switching.
· Support the configuration of a reference carrier.
· Support periodic configuration of PUCCH carrier based on the slot of the reference carrier.
· k1 is interpreted based on the reference carrier.
· PRI is interpreted based on the target PUCCH carrier.
1.8 Mixed numerology / mixed sub-slot length operation for dynamic indication and semi-static operation
6.2.1 Different PUCCH slot length handling for dynamic indication of PUCCH carrier switching
In the RAN1#106-e meeting, the Different PUCCH slot length handling for dynamic indication of PUCCH carrier switching was discussed [1],[4], but there was no consensus.
Note that this includes the mixed SCS handling but may be more generic, as based on the PUCCH config., there could be a mixture of sub-slot and slot-based PUCCH operation of different carriers for the same PHY priority. E.g. having a combination of 30kHz slot-based PUCCH and 15kHz 7symbols sub-slot based PUCCH would lead to the same PUCCH slot length, even though the SCS of the different PUCCH cells would be different. 
Case 1: PUCCH slot on PCell is longer than PUCCH slot on dynamically indicated PUCCH cell in Figure 8.
The problem of PUCCH slot on PCell is longer than PUCCH slot on dynamically indicated target PUCCH cell is shown in the Figure 8 below. 
In the Figure 8~11, as we did not agree yet which UCI can be located on the dynamically PUCCH cell, the generic ‘UCI’is used here. 
[image: ]
Figure 8 PUCCH slot on PCell longer than PUCCH slot on dynamically indicated PUCCH cell
	Question 6.5.3: For PUCCH carrier switching based on dynamic indication, for the case of PCell PUCCH slot length to be longer than the dynamically indicated PUCCH cell slot,  
· Alt. 1: the UE can be indicated with more than one (non-overlapping) PUCCH slots on one or more PUCCH cells overlapping with a single PCell/PSCell PUCCH slot. 
· FFS on how to select one of the (non-overlapping) slots on a PUCCH cell for UCI multiplexing from PCell 
· Alt. 2: the UE is not expected to be indicated with more than one (non-overlapping) PUCCH slots on one or more PUCCH cells overlapping with a single PCell/PSCell PUCCH slot. 
· The UCI from PCell PUCCH slot (if supported, details still FFS) is multiplexed in the single indicated PUCCH cell slot. 
· Alt. 3: other




For Question 6.5.3, if Alt. 1 is supported, then the corresponding FFS (on how to select one of the (non-overlapping) slots on a PUCCH cell for UCI multiplexing from PCell) needs to be further specified. This work load can’t estimate, if sub-slot and different SCS are both supported.
If Alt. 2 is supported, we think this depends on gNB decision to determine the slot to be transmitted and less specification effort is needed.  But one important thing is not considered in Alt.2.
If SR/CSI within the PUCCH is semi-static configured in PCell, whether the gNB could indicate SCell as the target cell for PUCCH? There is no agreement on the transmission on SCell for SR/CSI, and no agreement to allow the SR/CSI within PUCCH could be dynamic switched to SCell. It means if we have no such premise of the previous agreements, the dynamic PUCCH switching from PCell to SCell is not allowed. And the question of 6.5.3 does not needed to be discussed in such case. 
Obviously, even it is assumed that SR/CSI is allowed to dynamically switch to SCell from PCell as shown in Figure 8, the open issue of multiplexing (how to multiplexing and timeline) of SR, CSI and HARQ-ACK is hardly to finish in the remaining 2 meetings. Although the multiplexing principle between the UCIs and the PUSCH in the target slot would be reused, the specification effort is still heavy.
We almost achieve a very similar agreement about dynamic indication case in RAN1#106-e meeting which UE does not expect overlapping PUCCH slots with dynamic PUCCH cell indication on more than one carrier. 
	Mod. Proposal 6.3: UE does not expect overlapping PUCCH slots with dynamic PUCCH cell indication on more than one carrier, i.e. gNB should only dynamically indicate a single PUCCH cell for a final PUCCH slot.


The Mod. Proposal 6.3 means only one PUCCH carrier is dynamically indicated in the same time. Based on the previous analysis, we believe that it should also be considered in conjunction with SR/CSI PUCCH. The intention is after the PUCCH carrier is indicated, only one carrier will be survived as a PUCCH carrier, PUCCH including CSI, SR, HARQ-ACK, etc. 
We propose a new alternative 3, which could remedy the issue of SR/CSI only transmitted on the PCell.
Alt. 3: UE expects that for supporting dynamic PUCCH carrier switching, PUCCH (including CSI, SR, HARQ-ACK, etc.) is always transmitted on one carrier at the duration of PCell slot, regardless of PCell PUCCH slot length to be longer than the dynamically indicated PUCCH cell slot, or vice versa.
At least below 3 cases are supported by the new alternative 3:
1) PCell is dynamically indicated as PUCCH carrier in a time, SCell is not dynamically indicated as PUCCH carrier in the same time. In this way, after the PUCCH carrier is dynamically indicated, only the PCell is survived from multiple carriers as the PUCCH carrier for HARQ-ACK PUCCH at the duration of PCell slot.
2) If SR or CSI is not configured to be transmitted, SCell is dynamically indicated as PUCCH carrier, that is, 2 SCell slots are available for PUCCH slot, which slot will be assigned as actual PUCCH slot can be further decided by Alt.1 or Alt.2; PCell is not indicated as PUCCH carrier. In this way, after the PUCCH carrier is dynamically indicated, only the Scell is survived as the PUCCH carrier from multiple carriers for HARQ-ACK PUCCH at the duration of PCell slot.
3) If SR/CSI in configured to be transmitted in PCell in a time, PCell is dynamically indicated as PUCCH carrier. PCell is survived as the PUCCH carrier from multiple carriers for HARQ-ACK/SR/CSI PUCCH at the duration of PCell slot.
At least below 4 cases are NOT supported by the new alternative 3:
1) PCell is dynamically indicated as PUCCH carrier. SCell is also dynamically indicated as PUCCH carrier in the same time, two Scell slots are indicated as the PUCCH slots. In this way, after the PUCCH carrier is dynamically indicated, both PCell and SCell are survived as PUCCH carriers for HARQ-ACK PUCCH at the duration of PCell slot.
2) PCell is dynamically indicated as PUCCH carrier. The first SCell slot is also dynamically indicated as a PUCCH slot. In this way, during the first SCell slot, both PCell and SCell are survived as PUCCH carriers for HARQ-ACK PUCCH at the duration of PCell slot.
3) PCell is dynamically indicated as PUCCH carrier. The second SCell slot is dynamically indicated as a PUCCH slot. In this way, during the second Scell slot, both PCell and SCell are survived as PUCCH carriers for HARQ-ACK PUCCH at the duration of PCell slot.
4) If SR/CSI in configured to be transmitted in PCell in a time, but SCell is dynamically indicated as the PUCCH carrier. The consequence is after the PUCCH carrier is dynamically indicated, both PCell and SCell are survived as PUCCH carriers for SR/CSI and HARQ-ACK respectively.
Alt.3 itself doesn’t deny Alt.1 and Alt.2, it just try to solve the issue of SR/CSI only transmitted on the PCell.
Proposal 12: For PUCCH carrier switching based on dynamic indication, for the case of PCell PUCCH slot length longer than that of the dynamically indicated PUCCH cell slot,
· Alt. 3: UE expects that for supporting dynamic PUCCH carrier switching, PUCCH (including CSI, SR, HARQ-ACK, etc.) is always transmitted on one carrier at the duration of PCell slot.

Case 2: PUCCH slot on PCell is shorter than PUCCH slot on dynamically indicated PUCCH cell in Figure 9.
The PCell PUCCH slot length is shorter than that of the dynamically indicated PUCCH cell slot, as shown in the Figure 9 below: 
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Figure 9 PUCCH slot on PCell shorter than PUCCH slot on dynamically indicated PUCCH cell
So, there could be UCI on PCell in two slots (k & k+1) overlapping with the single indicated PUCCH cell. The options here are (i) to only support UCI from one of slot k or slot k+1 or (ii) to support both, and the UCI are all together multiplexed on the SCell. There could be different options defined below.
	Question 6.5.4: For PUCCH carrier switching based on dynamic indication, for the case of PCell PUCCH slot length to be shorter than the dynamically indicated PUCCH cell slot,  
· Alt. 1: the UE does not expect UCI from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot 
· Note: in the figure above, only either UCI1 or UCI2 can be present and if applicable can be multiplexed on slot m together with UCI3
· Alt. 2: there can be the UCI from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot 
· Note: in the figure above, applicable UCI1 and UCI2 can be multiplexed on slot m together with UCI3
· Alt. 3: other




The same issue with case 1 also exists in case 2, so we apply the similar proposal for case 2.
Proposal 13: For PUCCH carrier switching based on dynamic indication, for the case of PCell PUCCH slot length shorter than that of the dynamically indicated PUCCH cell slot,
· Alt. 3: UE expects that for supporting dynamic PUCCH carrier switching, PUCCH (including CSI, SR, HARQ-ACK, etc.) is always transmitted on one carrier at the duration of indicated PUCCH cell slot.
6.2.2 Different PUCCH slot length handling for semi-static PUCCH carrier switching:
This issue includes the mixed SCS handling but may be more generic, as based on the PUCCH config., there could be a mixture of sub-slot and slot-based PUCCH operation of different carriers for the same PHY priority. E.g. having a combination of 15kHz slot-based PUCCH on PCell / reference cell (e.g. PCell) and 30kHz 7symbols sub-slot based PUCCH on the target PUCCH cell would lead to the same PUCCH slot length, even though the SCS of the different PUCCH cells would be different. 
We have an agreement in the last meeting, this agreement means the SR or CSI could be configured to SCell or moved from PCell to SCell if SCell is configured as PUCCH carrier according to the time domain pattern configuration. Then the issue mentioned in dynamic indication of PUCCH switching doesn’t exist and no need to restrict SR/CSI transmitted on the PCell.
	Agreement
Semi-static PUCCH carrier switching is applicable to all UCI types incl. HARQ-ACK, SR and CSI.



The other important issue could be discussed firstly that whether more than one overlapping PUCCH slots on more than one carriers are allowed in the time domain pattern configuration.
As cited in section 6.2.1, Mod. Proposal 6.3 in last meeting is almost agreed. 
	Mod. Proposal 6.3: UE does not expect overlapping PUCCH slots with dynamic PUCCH cell indication on more than one carrier, i.e. gNB should only dynamically indicate a single PUCCH cell for a final PUCCH slot.


Mod. Proposal 6.3 is only for the case of dynamically indicating a PUCCH carrier. It is natural that the similar principle could be applied to semi-static PUCCH switching case. Then we propose:
Proposal 14: UE does not expect overlapping PUCCH slots with semi-static time domain PUCCH cell indication on more than one carrier, i.e. gNB should only configure a single PUCCH cell for a final PUCCH slot.

As the PUCCH slot length may be longer or shorter than the slot length of the time-domain pattern, case 3 and case 4 are separately discussed, 
Case 3: Slot length of the time-domain pattern is shorter than the PUCCH cell slot 
· This case may not be applicable, e.g. if the reference cell has the smallest SCS when using the same slot or sub-slot based PUCCH configuration on the PUCCH cells.
Case 4: Slot length of the time-domain pattern is longer than the PUCCH cell slot 
· This case may not be applicable, e.g. if the reference cell has the largest SCS when using the same slot or sub-slot based PUCCH configuration on the PUCCH cells.

Case 3: Slot length of the time-domain pattern is shorter than the PUCCH cell slot 
There could be more than one slots from source cell with the slot length of reference cell overlapping with a single PUCCH slot of the target cell. Again, the following Figure 10 shows the issue that how to handle the two UCIs originally generated in source cell if the PUCCH cell is switched to target cell.
[image: ]
 Figure 10 Slot length of the time-domain pattern shorter than the PUCCH cell slot
Some options apply here, so a similar question as dynamic indication is brought forward: 
	Question 6.5.6: For PUCCH carrier switching based on semi-static operation, for the case the reference cell slot to be shorter than the target PUCCH cell slot,  
· Alt. 1: the UE does not expect UCI from more than one reference cell slot to be overlapping with a single target PUCCH cell slot 
· Note: in the figure above, only either UCI1 or UCI2 can be present and if applicable will be transmitted in slot #m on the target PUCCH cell 
· Alt. 2: there can be the UCI from more than one reference PUCCH slot to be overlapping with a single target PUCCH cell slot 
· Note: in the figure above, applicable UCI1 and UCI2 can be multiplexed to be transmitted in slot m of the target PUCCH cell  
· Alt. 3: other




We are open to support Alt. 1 or Alt. 2 in principle, but the multiplexing issues may need more specification effort. We are worried that the multiplexing issues cannot be solved in the remaining meetings, which will make Alt. 1 and Alt. 2 not practical. So we prefer the proposal with a new Alt. 3. It depends on gNB implementation avoiding the specification on multiplexing issues.
Alt. 3: UE does not expect overlapping PUCCH slots with semi-static time domain PUCCH cell indication on more than one carrier, i.e. gNB should only configure a single PUCCH cell for a final PUCCH slot.
If UE doesn’t expect supporting semi-static PUCCH carrier switching when slot length of the time-domain pattern is shorter than the PUCCH cell slot, gNB can avoid this issue through reasonable time-domain pattern configuration.
Proposal 15: For PUCCH carrier switching based on semi-static patterns, when slot length of the time-domain pattern is shorter than the PUCCH cell slot, UE does not expect overlapping PUCCH slots with semi-static time domain PUCCH cell indication on more than one carrier, i.e. gNB should only configure a single PUCCH cell for a final PUCCH slot.

Case 4: Slot length of the time-domain pattern is longer than the PUCCH cell slot 
For the case 4, the slot of the time-domain pattern /reference cell is longer than the PUCCH cell slot, the question arises which of the overlapping target PUCCH cell slots is used for transmission, as shown in the Figure 11 below: 
[image: ]
Figure 11 Slot length of the time-domain pattern longer than the PUCCH cell slot
Different options have been suggested for handling below. 
	Question 6.5.7: For PUCCH carrier switching based on semi-static operation, for the case the reference cell slot to be longer than the target PUCCH cell slot (i.e. multiple target PUCCH cell slots overlapping with a single reference cell slot),  the following PUCCH cell slot is used for UCI transmission:
· Alt. 1: the first target PUCCH slot overlapping with the reference cell slot
· Alt. 2: the last target PUCCH slot overlapping with the reference cell slot
· Alt. 3: the first (or last) PUCCH slot overlapping with the PUCCH resource determined at the reference cell
· Note: this requires the UE to in addition perform PUCCH resource determination for the reference cell (additional UE complexity) 
· Alt. 4: using a relative slot-offset within the reference cell slot indicated by the HARQ-feedback indicator in the DCI
· Note: the offset can be dynamically indicated for each reference cell slot, details see Nokia [3]
· Alt. 5: 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 Ericsson [4]
· Alt. 6: using a relative slot-offset configured per target PUCCH cell within the reference cell slot 
· Note: see details in Panasonic [10], only a single relative slot-offset is applicable per PUCCH cell – in contrast to Alt. 5, where for the same target PUCCH cell a different slot-offset can be configured per reference cell slot 
· Alt. 7: other



First of all, Question 6.5.7 doesn’t consider a valid issue. For example, if UCI (e.g., SR/CSI) is already configured in PCell, why should SCell be still determined as the target PUCCH slot by semi-static time domain pattern configuration? Obviously, this will cause unnecessary multiplexing issues.
In case 4, we should not determine the SCell as the target PUCCH slot, if there is a UCI PUCCH in the PCell slot that overlaps the target PUCCH slot. Just like our analysis of cases 1, 2, and 3, for the same reason, similar proposal is also recommended for case 4.
Proposal 16: For PUCCH carrier switching based on semi-static patterns, when slot length of the time-domain pattern is longer than the PUCCH cell slot, UE does not expect overlapping PUCCH slots with semi-static time domain PUCCH cell indication on more than one carrier, i.e. gNB should only configure a single PUCCH cell for a final PUCCH slot.

Secondly, in Figure 11, when SR/CSI PUCCH is not configured in the PCell slot, the SCell slot still has a chance to be determined as the target PUCCH slot. How to indicate a PUCCH slot between the two candidates based on Proposal 16？
A signaling can be introduced to indicate the specific PUCCH slot among more than one candidates. The detail of signaling can be further discussed. For example, gNB can instruct the PUCCH slot within the reference slot duration through carrier index and/or bitmap signaling. Alt. 5 is much close to our proposal.
But if no any solution above could be achieved as the consensus, we can simply define case 4 as an error case, which is not supported by gNB time domain pattern configuration. 
Proposal 17: For PUCCH carrier switching based on semi-static patterns, when slot length of the time-domain pattern is longer than the PUCCH cell slot, UE expects that for supporting semi-static PUCCH carrier switching, by a signalling to be used to indicate the specific PUCCH slot among more than one candidates within the reference slot duration.
[bookmark: _GoBack]
1.9 Maximum number of PUCCH cells (or carriers) 
We prefer that the maximum number of carriers supporting PUCCH carrier switching is 4. Because in most cases, it is difficult for two TDD carriers to achieve perfect uplink and downlink complementarity.
In practical applications, the number of carriers allowed for PUCCH carrier switching can be flexibly configured based on specific requirements.
Proposal 18: The maximum number of carriers supporting PUCCH carrier switching is 4.

Conclusions
According to the analysis given above, we have the following observations and proposals:
Observation 1: If multiple UL sub-slots correspond to a DL slot, it will potentially cause additional overhead for the Type-1 HARQ-ACK codebook because the DL slot is used multiple times for construction of the Type-1 HARQ-ACK codebook.
Observation 2: Dividing SLIV group based on per slot can still work when UL sub-slot crossing 2 DL slots boundary.
Proposal 1: It should firstly be clarified whether the PUCCH corresponding to the SPS PDSCH and the PUCCH of the SPS HARQ-ACK deferral are dynamic PUCCH or semi-static PUCCH.
Proposal 2: Support joint operation of SPS HARQ-ACK deferral and semi-static PUCCH carrier switching.
Proposal 3: If the HARQ-ACK feedback for a PDSCH is performed with SPS HARQ-ACK deferral, and if a Type-1 codebook contains the PDSCH, NACK information is generated for the PDSCH in initial HARQ bits in the Type-1 codebook.
Proposal 4: Support sub-slot SR /CSI PUCCH repetition.
Proposal 5: The cancelled HARQ-ACK codebook should be triggered for retransmission as early as possible after the conflict is determined, for example, the earliest trigger starts after the decoding of PDCCH corresponding to the high-priority PUCCH.
Proposal 6: Support Alt. 1 to define the offset which indicates a PUCCH to be retransmitted.
· Alt. 1: the PUCCH slot offset defines the offset between the triggering DCI and the PUCCH slot of the HARQ-ACK codebook to be re-transmitted
· The value of offset could be positive or negative.
Proposal 7: Support the introduction of a size field in the trigger DCI to indicate the size for HARQ-ACK codebook in the PUCCH to be retransmitted.
Proposal 8: The unnecessary repetitive construction of the Type-1 HARQ-ACK codebook due to the fact that one DL slot corresponds to multiple uplink sub-slots should be prohibited.
Proposal 9: Determine the type1 HARQ-ACK codebook based on sub-slot with grouping per slot level with the following procedure:
1　 Determine the DL slot corresponding to the type1 HARQ-ACK codebook;
2　 Within the determined DL slot, if the end symbol of a PDSCH TDRA does not overlap with the determined UL sub-slot (n-k1), then delete the PDSCH TDRA from the PDSCH TDRA of the determined DL slot;
3　 The remaining PDSCH TDRA in the determined DL slot is divided into SLIV groups per slot level;
4　 Generate HARQ-ACK information for each SLIV group.
Proposal 10: For dynamic PUCCH carrier switching, dynamic indication in DCI should be supported.
· PRI is used to instruct PUCCH carrier switching from a new configured PUCCH resource set, which can include PUCCH resources of different UL CCs configured to allow PUCCH carrier switching. 
Proposal 11: For the semi-static PUCCH carrier switching configuration operation:
· Support to configure multiple carriers for PUCCH carrier switching.
· Support the configuration of a reference carrier.
· Support periodic configuration of PUCCH carrier based on the slot of the reference carrier.
· k1 is interpreted based on the reference carrier.
· PRI is interpreted based on the target PUCCH carrier.
Proposal 12: For PUCCH carrier switching based on dynamic indication, for the case of PCell PUCCH slot length longer than that of the dynamically indicated PUCCH cell slot,
· Alt. 3: UE expects that for supporting dynamic PUCCH carrier switching, PUCCH (including CSI, SR, HARQ-ACK, etc.) is always transmitted on one carrier at the duration of PCell slot.
Proposal 13: For PUCCH carrier switching based on dynamic indication, for the case of PCell PUCCH slot length shorter than that of the dynamically indicated PUCCH cell slot,
· Alt. 3: UE expects that for supporting dynamic PUCCH carrier switching, PUCCH (including CSI, SR, HARQ-ACK, etc.) is always transmitted on one carrier at the duration of indicated PUCCH cell slot.
Proposal 14: UE does not expect overlapping PUCCH slots with semi-static time domain PUCCH cell indication on more than one carrier, i.e. gNB should only configure a single PUCCH cell for a final PUCCH slot.
Proposal 15: For PUCCH carrier switching based on semi-static patterns, when slot length of the time-domain pattern is shorter than the PUCCH cell slot, UE does not expect overlapping PUCCH slots with semi-static time domain PUCCH cell indication on more than one carrier, i.e. gNB should only configure a single PUCCH cell for a final PUCCH slot.
Proposal 16: For PUCCH carrier switching based on semi-static patterns, when slot length of the time-domain pattern is longer than the PUCCH cell slot, UE does not expect overlapping PUCCH slots with semi-static time domain PUCCH cell indication on more than one carrier, i.e. gNB should only configure a single PUCCH cell for a final PUCCH slot.
Proposal 17: For PUCCH carrier switching based on semi-static patterns, when slot length of the time-domain pattern is longer than the PUCCH cell slot, UE expects that for supporting semi-static PUCCH carrier switching, by a signalling to be used to indicate the specific PUCCH slot among more than one candidates within the reference slot duration.
Proposal 18: The maximum number of carriers supporting PUCCH carrier switching is 4.
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