[bookmark: _Hlk533328020][bookmark: OLE_LINK1]3GPP TSG RAN WG1 Meeting #107-e                                                                     R1-2110914
e-Meeting, November 11th – 19th, 2021
Source:	ZTE
[bookmark: OLE_LINK23]Title:                 Discussion on HARQ-ACK enhancements for eURLLC
Agenda item:	8.3.1
Document for:  Discussion and Decision
Introduction
In this contribution, some analysis and proposals are provided for the topics on avoiding SPS HARQ-ACK dropping for TDD, transmission of the cancelled HARQ-ACK and PUCCH carrier switching for HARQ-ACK. In the end of this contribution, we provide some suggestions on the RRC parameter for enhanced Type-3 codebook.
HARQ-ACK feedback enhancements for SPS
During the RAN1#106bis-e meeting discussion, some issues were still need further discussion and were left to the RAN1#107-e meeting as following [1]. 
	· Maximum configurable SPS deferral value (RRC impact) – see discussions in 3rd round in Question 2.6.1 
· Support and/or handling of PUCCH repetition (see discussions in all rounds): 
· Should we just prevent the joint configuration?
· Simplified handling based on latest proposal Mod Proposal 2.2.7 (PUCCH repetition has ‘priority’ / do not use SPS deferral rules / limitations) 
· Or should we take the maximum deferral value into account as well (see comments by QC & OPPO)
· Joint operation of SPS HARQ-ACK deferral and PUCCH carrier switching (if joint operation is to be supported)
· Interaction with Rel-17 Intra-UE multiplexing, related PHY priority handling


In this section, we will analyze and discuss some remaining issues.
1.1 Interaction of SPS HARQ deferral and PUCCH repetition
During the RAN1#106bis-e meeting, the interaction of SPS HARQ deferral and PUCCH repetition is discussed. One important character of PUCCH repetition is automatically deferred when the DL symbols or SSB block the PUCCH transmission. So three possible alternatives for the joint processing of SPS HARQ deferral and PUCCH repetition are proposed.
	Alt. 1: Simultaneous configuration of PUCCH repetition and Rel-17 SPS HARQ-ACK deferral is not supported.
Alt.2: If the PUCCH format or PUCCH resource in the initial or/ target slot has a PUCCH repetition factor larger than 1, the PUCCH repetition for SPS HARQ-ACKs follows the R16 rule without considering the rules/limitations of SPS deferral
Alt.3: If simultaneous configuration of PUCCH repetition and Rel-17 SPS HARQ-ACK deferral is supported and the PUCCH format or PUCCH resource determined from PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN in the initial or target slot has a PUCCH repetition factor larger than 1, the PUCCH repetition for SPS HARQ-ACKs is restricted by maximum deferral value.



Alt.1 prevents the joint configuration of these two features.
Alt.2 and Alt.3 try to allow the joint processing of these two features, but the controversial point is whether the PUCCH repetition for SPS HARQ-ACKs is restricted by maximum deferral value or not.
For simplicity, Alt.1 is preferred, as both of these features can improve the robustness of the SPS HARQ-ACKs when the collision happens. PUCCH repetition is more general for all the possible UCI types and have the performance gain through the repetition, while SPS HARQ-ACK deferral is just the simple delay only covering the SPS HARQ-ACK. No need to combine the two features together, and we propose to prevent the joint configuration of SPS HARQ deferral and PUCCH repetition.
Proposal 1: Simultaneous configuration of PUCCH repetition and Rel-17 SPS HARQ-ACK deferral is not supported.

Even if the simultaneous configuration of PUCCH repetition and Rel-17 SPS HARQ-ACK deferral is supported, in initial slot, the DG HARQ-ACK PUCCH is not expected to be coexist with SPS PUCCH with same priority in a same slot, as the current specification prevents the two PUCCHs start from the same slot as below:
	A UE does not multiplex different UCI types in a PUCCH transmission with repetitions over  slots. If a UE would transmit a first PUCCH over more than one slot and at least a second PUCCH over one or more slots, and the transmissions of the first PUCCH and the second PUCCH would overlap in a number of slots then, for each slot of the number of slots and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority
-	the UE does not expect the first PUCCH and any of the second PUCCHs to start at a same slot and include a UCI type with same priority 
-	if the first PUCCH and any of the second PUCCHs include a UCI type with same priority, the UE transmits the PUCCH starting at an earlier slot and does not transmit the PUCCH starting at a later slot
-	if the first PUCCH and any of the second PUCCHs do not include a UCI type with same priority, the UE transmits the PUCCH that includes the UCI type with higher priority and does not transmit the PUCCH that include the UCI type with lower priority.



1.2 Interaction with Rel-17 Intra-UE multiplexing and SPS HARQ-ACK deferral
An FFS issue is the interaction with Rel-17 Intra-UE multiplexing and SPS HARQ-ACK deferral. The Rel-16 multiplexing principal is applied to both the multiplexing in the initial slot to determine whether to defer and the multiplexing in the potential target slot to determine target slot. Actually the Rel-17 intra-UE multiplexing between different priorities could be seamlessly integrated into the SPS HARQ-ACK deferral as no much open issues on the interaction with Rel-17 Intra-UE multiplexing and SPS HARQ-ACK deferral. 
If the dynamic enable and disable of Rel-17 Intra-UE multiplexing is allowed, Rel-17 Intra-UE multiplexing can only be applied to the deferral determination and target slot determination when the multiplexing is dynamically activated.
If the Rel-17 Intra-UE multiplexing is configured but dynamically disabled, the multiplexing rule will fall back to Rel-16 multiplexing rule.
Proposal 2: Simultaneous configuration of Rel-17 Intra-UE multiplexing and Rel-17 SPS HARQ-ACK deferral is supported. Rel-17 Intra-UE multiplexing can be applied to the deferral determination and target slot determination.
· If the Rel-17 Intra-UE multiplexing is configured but dynamically disabled, the multiplexing rule will fall back to Rel-16 multiplexing rule.

1.3 Clarification of determining the target slot for SPS HARQ-ACK deferral
In the RAN1#106b-e meeting, the following agreement was reached.
	Agreement
The RAN1#106-e agreement on the target slot definition is updated as follows (in RED): 
	Agreement (from RAN1#106-e)
For SPS HARQ-ACK deferral, the target PUCCH slot is defined as the next PUCCH slot, where after performing the (Rel-16) UCI multiplexing operation into a PUCCH or PUSCH if any, the UE would be either (i) transmitting HARQ-ACK using a PUCCH/PUSCH other than the PUCCH determined from PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN or (ii)  would be transmitting HARQ-ACK using a PUCCH resource configured in PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN being regarded as valid.  sps-PUCCH-AN-List-r16 or n1PUCCH-AN PUCCH resource is regarded as valid, or a PUCCH resource (from PUCCH-ResourceSet, i.e. DG PDSCH HARQ multiplexed) is dynamically indicated
· The target PUCCH slot determination is based on the total HARQ-ACK payload size including deferred SPS HARQ-ACK information and non-deferred HARQ-ACK information (if any) of a candidate target PUCCH slot
· The final PUCCH resource selection in the target PUCCH slot in terms of PUCCH resource set and PUCCH resource ID follows the Rel-16 procedures.






But there is still one issue that needs to be clarified. It is well know that for SPS HARQ-ACK defer, the target slot determination is based on spontaneous principle and there is no any specific DCI for scheduling the PUCCH to directly aid for finding the target slot for SPS HARQ-ACK deferral. If in a potential target slot, there is PUCCH resource configured in PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN but there is no real SPS PUCCH transmission in the potential target slot determined by the combination of k1 value in the SPS PDSCH activation DCI and location of SPS PDSCH, whether a SPS PUCCH need to be determined based on some principles in the potential target slot? 
For example, in Figure 1, in the initial slot n, SPS HARQ-ACK is determined to be delayed, if in slot n+1, no other PUCCH and PUSCH are dynamically scheduled, but there is PUCCH resource configured in PUCCH SPS-PUCCH-AN-List-r16 or n1PUCCH-AN, whether a SPS PUCCH need to be determined based on some principles in the slot n+1? And if yes, how to determine the SPS PUCCH for deferred SPS HARQ-ACK? 
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Figure 1 SPS PUCCH determination in target slot
To keep the consistence with the principle in initial slot, for the above example, it is needed to determine the SPS PUCCH in potential target slot though there is no real SPS PUCCH to be transmitted. And then the determined SPS PUCCH could multiplex with other DG PUCCH and PUSCH following the Rel-16 UCI multiplexing operation. If SPS PUCCH is not determined firstly, there is no way to piggyback SPS HARQ-ACK information into PUSCH, as UE can’t judge whether there is overlapping between PUSCH and SPS PUCCH. 
The PUCCH with the same start symbol, number of symbols and PUCCH format as the original SPS PUCCH in initial slot can be determined for SPS HARQ-ACK in potential target slot if there is no initial SPS HARQ-ACK in target slot. The SPS PUCCH determination in target slot is the important part of whole procedure for target slot determination but it is not very clear in the agreement. This should be clarified and an explicit agreement or conclusion should be captured in the specification.
Proposal 3: For target slot determination, the UE should first determine a SPS PUCCH for the deferred SPS HARQ-ACK in the slot before performing the (Rel-16) UCI multiplexing operation.
· The SPS PUCCH has the same symbols (start symbol and number of symbols) and PUCCH format as the original SPS PUCCH if there is no initial SPS HARQ-ACK in target slot.

1.4 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 4: Support joint operation of SPS HARQ-ACK deferral and semi-static PUCCH carrier switching.

1.5 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 2. 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.
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Figure 2 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 previous 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 5: 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.

1.6 Interaction of SPS HARQ deferral and transmission of the cancelled HARQ-ACK
If the PUCCH/PUSCH is valid after the multiplexing in initial slot or target slot, but this PUCCH/PUSCH is cancelled by an HP DCI. How to understand the following behavior? 
Understanding 1: The cancelled PUCCH/PUSCH is treated as an invalid resource, and continue to defer the SPS HARQ-ACK.
Understanding 2: The cancelled HARQ-ACK from the PUCCH/PUSCH will be treated following the function of Retransmission of HARQ, if the [enhanced] Type-3 CB or One-shot DCI triggering retransmission is configured.
Understanding 1 is not consistent with the assumption of SPS HARQ-ACK deferral, as only the resources conflicted with SSB or DL symbols can be regarded as invalid. Understanding 2 is more nature to treat the cancelled HARQ-ACK by the function of Retransmission of cancelled HARQ. If the Rel-17 Retransmission of HARQ is not configured, the legacy Rel-16 behavior for the cancelled LP HARQ-ACK is applied.
Proposal 6: If the final PUCCH/PUSCH in initial/target slot of SPS HARK-ACK deferral is cancelled and if the Rel-17 Retransmission of cancelled HARQ-ACK is configured, the function of Retransmission of cancelled HARQ-ACK can be applied for the HARQ-ACKs from the final PUCCH/PUSCH.

Transmission of the cancelled HARQ-ACK
In the RAN1#106b-e meeting, the following agreements were reached for this topic [1]. During the discussion, some issues were still not resolved and were left to the RAN1#107-e meeting. In this section, we will analyze and discuss the remaining issues listed by FL.
	Enhanced Type 3 HARQ-ACK codebook: 

Conclusion
No additional enhanced Type 3 CB ‘types’ (such as activated CCs, of specific SPS configurations, etc.) in terms of RRC configuration are supported. 
Agreement
For one enhanced Type 3 HARQ-ACK CB, the same CBG and NDI configuration applies to both PHY priorities following the RAN1#106-e agreement. 
Agreement
The same set of enhanced Type 3 CBs (incl. CBG and NDI configuration) is applied for triggering using DCI format 1_1 and 1_2. 
Agreement
Reuse the legacy 1-bit ‘one-shot HARQ-ACK request’ for triggering indication of the enhanced Type 3 HARQ-ACK CB of smaller size. 
· At least if only a single enhanced Type 3 HARQ-ACK CB is configured, the triggering DCI with the triggering bit set to ‘1’ is also able to schedule PDSCH. 
Agreement
The CBG and NDI usage can be independently configured for different enhanced Type 3 HARQ-ACK CBs.
Agreement
The maximum number of simultaneously configurable enhanced Type 3 CB is indicated by the UE through UE capability signaling from the set of {1, 2, 4, 8}.

One-shot triggering of HARQ-ACK re-tx on a PUCCH: 

Agreement
Support triggering of one-shot HARQ re-transmission on PUCCH using DCI format 1_2. 
Agreement
For one-shot HARQ re-transmission on PUCCH, the triggering DCI dynamically indicates a ‘HARQ re-tx offset’ which is used to define the offset in number of PUCCH slots/sub-slots between the triggering DCI and the PUCCH slot/sub-slot of the HARQ-ACK codebook to be re-transmitted. For the triggering DCI received in slot/sub-slot m, indicating the HARQ-ACK re-tx in slot/sub-slot m+k and indicating HARQ_retx_offset, the PUCCH slot/sub-slot n of the HARQ-ACK codebook to be re-transmitted is determined as either: 
· Alt. 1: n = m - HARQ_retx_offset
· Alt. 2: n = m + k - HARQ_retx_offset
· FFS: value range of the HARQ-retx_offset
Agreement
For one-shot triggering of HARQ-ACK re-transmission on PUCCH, 
· in case the dynamic Type 2 HARQ-ACK codebook is configured, the HARQ-ACK codebook per PHY priority on the indicated PUCCH is constructed by appending the Type 2 HARQ-ACK codebook to be re-transmitted to the Type 2 HARQ-ACK codebook of the indicated PUCCH (carrying new, initial HARQ-ACK information) per PHY priority.
· in case the semi-static Type 1 HARQ-ACK codebook is configured, the HARQ-ACK codebook per PHY priority on the indicated PUCCH is constructed by appending the Type 1 HARQ-ACK codebook to be re-transmitted to the Type 1 HARQ-ACK codebook of the indicated PUCCH (carrying new, initial HARQ-ACK information) per PHY priority.




	Just as a list of issues that could be (at least) considered for RAN1#107-e:
· For enhanced Type 3 HARQ-ACK CB, 
· Triggering operation if more than one enh. Type 3 CB is configured – see the discussions on Proposal 3.2.9 versions in different rounds there, namely what happens if the triggering bit is set to ‘1’
· PDSCH scheduling ability 
· If PDSCH is scheduled, which CB is triggered (none / Rel-16 Type 3 / first in the list)
· If PDSCH is scheduled, which existing field to use for indication or introduce a new field for the indication
· For one-shot HARQ-ACK re-tx 
· Triggering details
· Trigger method: 1bit DCI field included (trigger set to ‘1’ cannot scheduled PDSCH, some unused bitfield to indicate the ‘HARQ-retx offset’) or Nbit DCI field (indicating the HARQ-offset, allows scheduling PDSCH) – see Proposal 3.2.13 
· Can the triggering happen before the initial PUCCH occasions? (see Proposal 3.7.1 and related discussions in several rounds)
· Referencing of the HARQ-retx offset t (Alt. 1: n = m - HARQ_retx_offset or Alt. 2: n = m + k1 - HARQ_retx_offset)
· Value range for the HARQ-rx offset 
· Support of simultaneous configuration of one-shot HARQ retx and enh. Type 3 CB? (discussed this time, but without being conclusive)
· Interaction with SPS deferral (e.g. SPS deferral is stopped, if Type 3 CB is triggered?, …)




1.7 When to trigger the transmission of the cancelled HARQ-ACK
In the RAN1#106b-e meeting, the transmission occasion of the triggering DCI was discussed, and the following proposal in [1] was discussed.
	Proposal 3.7.1: In addition to one-shot triggering of HARQ re-transmission after the initial PUCCH transmission slot, the triggering is supported before the initial PUCCH transmission slot as soon as a conflict resulting in HARQ-ACK dropping is determined.
· The UE expects the PUCCH carrying the HARQ-ACK re-transmission to be scheduled in a slot/sub-slot after the initial PUCCH transmission slot/sub-slot. 




Referring to Figure 3, there are two possible alternatives for transmitting the triggering DCI, namely:
Alt.1: The triggering DCI is allowed before the cancelled LP PUCCH.
From our understanding, in Alt.1, the base station can transmit triggering DCI before the LP PUCCH if the base station determines that the LP PUCCH will be cancelled. It is beneficial to reduce the latency of retransmitted LP PUCCH and the UE can release the buffer of the corresponding PDSCHs as early. The benefit of latency reduction is explained in the below figure. Allowing triggering DCI before the cancelled LP PUCCH is not mandatory for gNB, gNB can flexibly decide based on the schedule strategy. 
Alt.2: The triggering DCI can only be transmitted after the cancelled LP PUCCH.
For Alt.2, it does not have the benefit of latency reduction but will make a potentially significant delay for PUCCH retransmission. For example, a very common familiar TDD frame structure "DDDDDDDSUU" is applied and if the LP PUCCH is cancelled at the first "U", then according to Alt.2, The earliest position for retransmission of the LP PUCCH is after 9 slots. Obviously, this is unfriendly to URLLC service. But for Alt.1, the new LP PUCCH can be retransmitted immediately after the cancelled PUCCH.
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Figure 3 PUCCH retransmission latency comparison
About the slot position of the new LP PUCCH
The earliest slot of the new LP PUCCH is in a slot after the slot where the cancelled PUCCH is located. In this way, relatively loose time can be left for the UE to prepare the new LP PUCCH.
About timeline for the new LP PUCCH
The UE behavior after the UE receiving the DCI is: after receiving the LP DCI, the UE prepares the LP PUCCH as quick; after receiving the HP DCI, the UE cancels the LP PUCCH and prepares for the HP PUCCH when timeline is satisfied; after receiving the triggering DCI, the UE prepares a new LP PUCCH.
According to the discussion in the RAN1#106b-e meeting, the gap between the triggering DCI and the new LP PUCCH is at least one slot. There is enough time to prepare the LP PUCCH for the UE. Timeline for retransmission of cancelled HARQ-ACK is not an issue.
For the processing time after receiving the triggering DCI, as the PDSCH doesn’t need to be decoded again and the original HARQ-ACK information is already in the buffer, less time is needed to prepare the new PUCCH. We believe that N symbols gap used for the timeline between the release DCI and the corresponding HARQ-ACK could be reused to satisfy the processing time between the triggering DCI and the corresponding new LP PUCCH.
Note: The processing time is required both for Alt.1 or Alt.2.
Proposal 7: For one-shot triggering of HARQ re-transmission after the initial PUCCH transmission slot, the triggering DCI is allowed before the initial PUCCH transmission slot.
· The UE expects the PUCCH carrying the HARQ-ACK re-transmission to be scheduled in a slot/sub-slot after the initial PUCCH transmission slot/sub-slot.

1.8 Offset for dynamically indicating a cancelled PUCCH for HARQ-ACK re-transmission
In the RAN1#106b-e meeting, there was discussion about dynamically indicating a cancelled PUCCH for HARQ-ACK re-transmission, and some of the agreements reached are shown below. But there are still some remaining issues. The definition of HARQ-retx offset and value range of offset should be further determined.
	Agreement
For one-shot HARQ re-transmission on PUCCH, the triggering DCI dynamically indicates a ‘HARQ re-tx offset’ which is used to define the offset in number of PUCCH slots/sub-slots between the triggering DCI and the PUCCH slot/sub-slot of the HARQ-ACK codebook to be re-transmitted. For the triggering DCI received in slot/sub-slot m, indicating the HARQ-ACK re-tx in slot/sub-slot m+k and indicating HARQ_retx_offset, the PUCCH slot/sub-slot n of the HARQ-ACK codebook to be re-transmitted is determined as either:
· Alt. 1: n = m - HARQ_retx_offset
· Alt. 2: n = m + k - HARQ_retx_offset
· FFS: value range of the HARQ-retx_offset



From our point of view, we slightly prefer Alt. 1 for the definition of HARQ-retx offset, 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 as the Figure 3 shown in previous section. 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 cancelled PUCCH slot. 
Regarding the value of offset, it could be positive or negative. A negative value means that the slot where the cancelled PUCCH is located after the slot where the triggering DCI is located. A positive value means that the slot where the cancelled PUCCH is located before the slot where the triggering DCI is located. In Figure 4, the triggering DCI is transmitted in slot n+1. If HARQ-rx offset = 1, it means that PUCCH1 in slot n should be retransmitted. If HARQ-rx offset = -1, it means that PUCCH2 in slot n+2 should be retransmitted.
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Figure 4 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 3, 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 is allowed to trigger the retransmission of the cancelled LP PUCCH on the new PUCCH resource. 
Proposal 8: For one-shot HARQ-ACK re-tx, support Alt. 1 to define the offset which indicates a PUCCH to be retransmitted.
· Alt. 1: the PUCCH slot offset defines the offset(HARQ-rx 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.
1.9 Detailed design of the HARQ-rx offset parameter in the triggering DCI
How to carry the offset (HARQ-rx offset) in the triggering DCI? This issue should also be considered. There are 2 potential methods that can be considered.
Method 1: Introduce new bits in the triggering DCI, for example, add new bits field for HARQ-rx offset.
Method 2: Reinterpret some bits in the triggering DCI, such as DAI (C-DAI and/or T-DAI), as HARQ-rx offset.
For method 1, it is a simple method, but may cause different DCI sizes between the triggering DCI and the DCI for scheduling the PDSCH, which will potentially increase the complexity of DCI blind detection.
For method 2, there is no different DCI sizes. For example, when a UE is configured with a Type-2 codebook, the DCI should include the DAI field in order to count PDSCHs. If an LP PUCCH with Type-2 codebook is scheduled to be retransmitted by the triggering DCI, then the triggering DCI should also include the DAI field, to ensure the triggering DCI and the DCI for scheduling the PDSCH have the same DCI size.
The DAI field in the triggering DCI is reserved and can be reinterpreted as HARQ-rx offset.
C-DAI and/or T-DAI can be reinterpreted as HARQ-rx offset but the T-DAI is not present if CA is not used. 
About the design of the offset value
If the C-DAI is reinterpreted as the HARQ-rx offset, maximum 2 bits are allowed for the value range. If the value for the HARQ-rx offset is predefined and fixed for all UEs, it means at most four fixed values can be used. It is not flexible for the different kinds of TDD frame structure. 
RRC can configure the values in the value sets for HARQ-rx offset per UE, the triggering DCI indicates a specific offset value in the configured set according to the scheduling requirements of different UEs and the TDD frame structure. This is flexible for different TDD frame structures. 
About 0 bit configured for HARQ-rx offset in triggering DCI
We have also noticed that the purpose of introducing HARQ-rx offset is to solve  the case when there are multiple cancelled HARQ-ACK codebooks, it is necessary to determine one of cancelled HARQ-ACK codebooks for retransmission if multiple cancelled HARQ-ACK codebooks are the candidates need to be retransmitted . However, for the base station, it is possible to transmit the triggering DCI every time when only one HARQ-ACK codebook is cancelled. In this case, the HARQ-rx offset parameter is actually not needed. 
Therefore, we believe that the HARQ-rx offset parameter in the triggering DCI should be configurable. For example, if the base station always transmits the triggering DCI when only one HARQ-ACK codebook is cancelled, the HARQ-rx offset field can be unconfigured or configured as 0 bit. Obviously, this configuration flexibility should be left to the base station.
It is also beneficial to allow the HARQ-rx offset to be configured as 0 bits for Type-1 codebook.
When the UE is configured with a Type-1 codebook, there is no DAI field in the DCI for scheduling the PDSCH. In this way, new bits need to be introduced for HARQ-rx offset. If it is possible to allow the HARQ-rx offset to be configured as 0 bit, it is much simple that the base station always transmit the triggering DCI when only one HARQ-ACK codebook is cancelled. Obviously, it will not increase the overhead of the DCI.
Proposal 9: For one-shot HARQ-ACK re-tx, the design of HARQ-rx offset parameters in the triggering DCI can be:
· Reinterpret the DAI (C-DAI and/or T-DAI) in the triggering DCI as HARQ-rx offset for Type-2 codebook.
· The HARQ-rx offset can be allowed to be configured as 0 bit in the triggering DCI.
· A HARQ-rx offset set can be configured by RRC per UE, and the HARQ-rx offset parameter in the triggering DCI can indicate a HARQ-rx offset value from this set.

1.10 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 4 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 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 10: For one-shot HARQ-ACK re-tx, support the C-DAI and/or T-DAI in the triggering DCI can be reinterpreted as the size field. 

Since in previous section, the DAI in the triggering DCI is reinterpreted as offset and in this section, the DAI in the triggering DCI is reinterpreted as size respectively, to distinguish different interpretations, the DAI field can be configured through RRC signaling to be reinterpreted as either HARQ-rx offset parameter or size parameter.
For example, RRC signaling configures C-DAI to reinterpret as HARQ-rx offset, and configures T-DAI to reinterpret as size of HARQ-ACK codebook. Another example, RRC signaling configures the combination of C-DAI and T-DAI to reinterpret as HARQ-rx offset or size. The third example, if T-DAI is not present, RRC signaling configures C-DAI to reinterpret as either HARQ-rx offset, or size of HARQ-ACK codebook.
Proposal 11: For one-shot HARQ-ACK re-tx, if the DAI in the triggered DCI is supported to be reinterpreted as HARQ-rx offset and/or size, RRC signaling can configure the DAI field to be reinterpreted either HARQ-rx offset or size.

1.11 Enhanced Type-3 codebook indication in the triggering DCI
If the network configures more than one enhanced Type-3 codebooks, how to indicate the triggered codebook by the triggering DCI for the UE to construct an enhanced Type-3 codebook should be resolved. A new introduced field or reusing an existed field may be feasible. However, if a new field is used, the DCI size is increased, which has impact to the PDCCH reliability especially for compact DCI, i.e., DCI format 1_2. Therefore, reusing the existed field should be considered first. Considering that the triggering DCI may or may not schedule a PDSCH, a unified method is preferred. The possible methods are given below. 
The DAI field in the triggering DCI is reinterpreted as the enhanced Type-3 codebook indication field in order to indicate an enhanced Type-3 codebook. The indicated enhanced Type-3 codebook is constructed for transmission of the cancelled HARQ codebook. For example, for the enhanced Type-3 codebook mechanism, RRC signaling configures C-DAI in the triggering DCI to be reinterpreted as enhanced Type-3 codebook indication field. Or RRC signaling configures the combination of C-DAI and T-DAI to reinterpret as enhanced Type-3 codebook indication field if more than 4 enhanced Type-3 codebooks are configured.
HPN field is used to indicate the HARQ process for the scheduled PDSCH. An enhanced type3 codebook includes the HARQ-ACK information for a set of specific HARQ processes. So the HPN field can be used to indicate the enhanced Type-3 codebook. For example, when a triggering DCI schedules a PDSCH with a HARQ process, the enhanced Type-3 codebook including the HARQ-ACK information for this HARQ process is triggered. It should be noted both of the two methods can work no matter whether the triggering DCI schedules a PDSCH.
Proposal 12: For the enhanced Type-3 codebook mechanism, support the C-DAI and/or T-DAI in the triggering DCI can be reinterpreted as the index of the enhanced Type-3 HARQ-ACK codebook.

PUCCH carrier switching for HARQ-ACK feedback
In the RAN1#106bis-e meeting, lots of the agreements were reached for this topic. In this section, we will continue to analyze and discuss the remaining issues on:
· Interaction between PUCCH repetitions and semi-static PUCCH cell switching
· UCI multiplexing from PCell/PScell/PUCCH-cell for PUCCH cell switching based on dynamic indication
· Mixed numerology / mixed sub-slot length operation for semi-static operation
· Joint operation of dynamic & semi-static PUCCH cell switching

1.12 Interaction between PUCCH repetitions and semi-static PUCCH cell switching
There are two alternatives for the interaction between PUCCH repetitions and semi-static PUCCH cell switching.
· 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)
The benefit of allowing simultaneously configuring PUCCH repetitions and semi-static PUCCH cell switching is clear for the latency reduction. But PUCCH resource and related parameters for repetitions on different PUCCH cells may be not same, for such case, soft combining gain may be lost.
For the simplicity and performance gain, not supporting PUCCH repetition mapping to a different target PUCCH cell seems more reasonable. Alt.2 is preferred.
Proposal 13: A PUCCH repetition mapping to a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported.

1.13 UCI multiplexing from PCell/PScell/PUCCH-cell for PUCCH cell switching based on dynamic indication
A remaining question is whether the UCI on PCell / PSCell / PUCCH-SCell can be multiplexed on a dynamically indicated PUCCH cell when the UCI is the semi-static configured UCI, such as SPS HARQ/SR/CSI.
It is nature to keep the resource stable for the semi-static configured UCI but not moving to another PUCCH cell by dynamic indication. If there is benefit to multiplex the semi-static UCI on PCell / PSCell / PUCCH-SCell on a dynamically indicated PUCCH cell, it is better to move all the semi-static configured SPS HARQ/SR/CSI together to the dynamically indicated PUCCH cell as “only a subset of UCI types should be supported” is not feasible. The scenario that CSI is on PCell and SR is on Scell which is dynamic indicated is impossible, as more than one PUCCH slots are not allowed to simultaneously transmit.  
Then only two opposite ways could be down selected:
· No UCI multiplexing on  the dynamically indicated PUCCH cell (other than PCell / SCell / PUCCH-SCell)
· All UCI types in a PUCCH slot multiplexing on  the dynamically indicated PUCCH cell (other than PCell / SCell / PUCCH-SCell)
We slightly prefer the first option, as this option has been supported by current specification. If the dynamical indication is supported, gNB only need indicate the PUCCH cell to PCell / SCell / PUCCH-Scell if there is the semi-static configured UCI in the PCell / SCell / PUCCH-SCell PUCCH slot. No more specification effort is needed by the simple gNB implementation.
Proposal 14: Semi-static configured UCI multiplexing on the dynamically indicated PUCCH cell (other than PCell / SCell / PUCCH-SCell) is not supported.

To further clarify the handling behavior of the above proposal, UE doesn’t expect the semi-static UCI on PCell/PScell/PUCCH-Scell to overlap with PUCCH on dynamically indicated Scell. That means the dynamically indicated PUCCH cell could only be the PCell/PScell/PUCCH-Scell.
Proposal 15: UE doesn’t expect the semi-static configured UCI on PCell/PScell/PUCCH-Scell to overlap with PUCCH on dynamically indicated Scell.

On the contrary, if only DG UCI is on PCell / SCell / PUCCH-SCell PUCCH slot, absolutely, the DG UCI can be multiplexed on the dynamically indicated PUCCH cell (other than PCell / SCell / PUCCH-SCell).
1.14 Mixed numerology / mixed sub-slot length operation for semi-static operation
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. 
The remaining 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.
The agreement for the dynamic PUCCH cell indication in last meeting is agreed as. 
	Agreement
UE does not expect overlapping PUCCH slots with dynamic PUCCH cell indication on more than one cell, i.e., gNB should only dynamically indicate a single PUCCH cell for a final PUCCH slot. 



It is natural that the similar principle could be applied to semi-static PUCCH switching case. For example, For PUCCH cell switching based on semi-static patterns, 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 semi-static indicate a single PUCCH cell for a final PUCCH slot.
Proposal 16: UE does not expect a time-domain pattern configuration with overlapping PUCCH slots on more than one PUCCH cell.

As the PUCCH slot length may be longer or shorter than the slot length of the time-domain pattern, case 1 and case 2 are separately discussed, 
· Case 1: Slot length of the time-domain pattern is longer than the PUCCH cell slot 
· Case 2: Slot length of the time-domain pattern is shorter than the PUCCH cell slot 
For the above two cases, there are some agreements and further down selection is needed in this meeting.
	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

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 PUCCH cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell slot/sub-slot.




Case 1: Slot length of the time-domain pattern is longer than the PUCCH cell slot 
For the case 1, 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 5 below: 
[image: ]
Figure 5 Slot length of the time-domain pattern longer than the PUCCH cell slot
A signaling can be introduced to indicate the specific PUCCH slot among more than one candidates. For example, gNB can instruct the PUCCH slot within the reference slot duration through carrier index and/or bitmap signaling. Alt. 3 in last meeting agreement is much close to our proposal.
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.

Case 2: 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 6 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 6 Slot length of the time-domain pattern shorter than the PUCCH cell slot
We are open to Alt. 2 in principle, but the multiplexing issues may need more specification effort and the multiplexing issues may not be solved in the remaining meetings, which will make Alt. 2 not feasible. So we prefer the Alt. 4. It only depends on gNB implementation to avoid the specification on multiplexing issues.
Proposal 18: 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 a semi-static PUCCH cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell PUCCH slot/sub-slot.

1.15 Joint operation of dynamic & semi-static PUCCH cell switching 
Joint operation of dynamic & semi-static PUCCH cell switching can be supported. If the dynamic cell switching is activated by DCI, the indication from DCI could override the indication from time-domain pattern. UE does not expect overlapping PUCCH slots with dynamic PUCCH cell indication on more than one cell, i.e., gNB should only dynamically indicate a single PUCCH cell for a final PUCCH slot.
Proposal 19: Dynamic PUCCH cell switching could override semi-static PUCCH cell switching, if joint operation is supported.

RRC signaling
In NR, a cell group can includes at most two PUCCH groups, i.e., primary PUCCH group and secondary PUCCH group. The HARQ-ACK codebook construction is performed for the serving cells within a PUCCH group as shown below. It means, the two HARQ-ACK codebooks are generated separately. Furthermore, the HARQ-ACK codebook type are configured independently. More specifically, the codebook type for the primary PUCCH group is configured by the higher layer parameter pdsch-HARQ-ACK-Codebook in IE PhysicalCellGroupConfig. And the codebook type for the secondary PUCCH group is configured by the higher layer parameter pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup-r16 in IE PhysicalCellGroupConfig. This is to enable the different codebook types for the two PUCCH groups. There are also other similar configurations, which is also configured separately for the two PUCCH groups, e.g., spatial bundling configuration. In a word, the PUCCH group specific configuration is configured by the different higher layer parameters in PhysicalCellGroupConfig since generally the parameters in PhysicalCellGroupConfig are used to configure cell-group specific L1 parameters.
	TS38.213-g60
If a UE is configured with a PUCCH-SCell, the UE shall apply the procedures described in this clause for both primary PUCCH group and secondary PUCCH group
-	When the procedures are applied for the primary PUCCH group, the terms 'secondary cell', 'secondary cells' , 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the primary PUCCH group respectively.
-	When the procedures are applied for secondary PUCCH group, the terms 'secondary cell', 'secondary cells', 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells (not including the PUCCH-SCell), serving cell, serving cells belonging to the secondary PUCCH group respectively. The term 'primary cell' in this clause refers to the PUCCH-SCell of the secondary PUCCH group. If pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup-r16 is provided, pdsch-HARQ-ACK-Codebook is replaced by pdsch-HARQ-ACK-Codebook-secondaryPUCCHgroup-r16. If harq-ACK-SpatialBundlingPUCCH-secondaryPUCCHgroup is provided, harq-ACK-SpatialBundlingPUCCH is replaced by harq-ACK-SpatialBundlingPUCCH-secondaryPUCCHgroup. If harq-ACK-SpatialBundlingPUSCH-secondaryPUCCHgroup is provided, harq-ACK-SpatialBundlingPUSCH is replaced by harq-ACK-SpatialBundlingPUSCH-secondaryPUCCHgroup.


In Rel-17 URLLC, the enhanced Type-3 codebook with reduced codebook size is introduced for retransmitting the canceled HARQ-ACK. The enhanced Type-3 codebook only comprises the HARQ-ACK bits for some specific HARQ processes and serving cells, which is configured by the network. It was agreed that the maximum number of the simultaneously configurable enhanced Type-3 codebooks is 8 depending on the UE capability. In our view, this is applicable to a PUCCH group. That is to say, at most 8 enhanced Type-3 codebooks can be configured within a PUCCH group.  
Proposal 20: RAN1 to clarify that the maximum number of simultaneously configurable enhanced Type 3 CB within a PUCCH group is indicated by the UE through UE capability signaling from the set of {1, 2, 4, 8}.
If a cell group includes two PUCCH groups, a serving cell within the cell group can only belong to one PUCCH group. It means the serving cell components of the two PUCCH groups are totally different. Therefore, the enhanced Type-3 codebook configuration must be different for the two PUCCH groups. To achieve this, the separate configuration by using different higher layer parameters is needed. For example, a new parameter such as pdsch-HARQ-ACK-enhType3-secondaryPUCCHgroup is introduced for the secondary PUCCH group and the current parameter pdsch-HARQ-ACK-enhType3 is for the primary PUCCH group. These two parameters have the same value range. 
Proposal 21: A first parameter and a second parameter with the same value range are used to configure the enhanced Type-3 codebook for the primary and secondary PUCCH group, respectively. For example, pdsch-HARQ-ACK-enhType3 for the primary PUCCH group and pdsch-HARQ-ACK-enhType3-secondaryPUCCHgroup for the secondary PUCCH group.
Similarly, PUCCH carrier switching is also performed within the PUCCH group. 
· The target cell for the PUCCH carrier switching are different for the primary and the secondary PUCCH group due to the different serving cell components. Thus the separate configuration is needed. 
· For semi-static PUCCH carrier switching, the PUCCH time domain pattern configuration may be different for the two PUCCH groups. Therefore, the separate configuration is needed. It was agreed that the time domain pattern configurations are based on the numerology of the PCell/PScell/PUCCH-Scell. If the configuration is for the primary PUCCH group, the reference cell is PCell or PScell. If the configuration is for the secondary PUCCH group, the reference cell is PUCCH-SCell. 
Proposal 22: A first parameter and a second parameter with the same value range are used to configure the PUCCH carrier switching related configuration for the primary and secondary PUCCH group, respectively, including the target cell and the PUCCH time domain pattern.
For the dynamic PUCCH carrier switching, the parameter pucch-cellswitchDyn in IE PhysicalCellGroupConfig is to enable the field for dynamic PUCCH carrier indication in DCI format 1_1. As discussed above, the parameter in IE PhysicalCellGroupConfig is applicable to the cell group in general. It means that if pucch-cellswitchDyn is enabled, DCI format 1_1 in all the serving cells should include this field. However, in some cases, not both of the two PUCCH group are configured with PUCCH carrier switching. For example, the PCell is FDD carrier, where PUCCH carrier switching is not needed in the primary PUCCH group. In this case, the PUCCH carrier indication field is not needed for the scheduled cell within the primary PUCCH group. Therefore, this field can be preserved or removed. Another way is to use two parameters to enable this field for primary PUCCH group and the secondary PUCCH group separately similar as above. It also works if this parameter is placed in IE pdsch-config, which is cell specific configuration and the most flexible. 
Proposal 23: For parameter pucch-cellswitchDyn to enable the dynamic PUCCH carrier switching field in DCI format 1_1, one of the following methods is adopted.
· This parameter remains unchanged. If it is enabled, for the scheduled cell within the PUCCH group without configured target PUCCH cell, the dynamic PUCCH carrier switching field is removed, preserved or ignored by the UE.
· A similar parameter is introduced for the secondary PUCCH group.
· [bookmark: _GoBack]Place this parameter in IE pdsch-config.

Conclusions
According to the analysis given above, we have the following observations and proposals:
Proposal 1: Simultaneous configuration of PUCCH repetition and Rel-17 SPS HARQ-ACK deferral is not supported.
Proposal 2: Simultaneous configuration of Rel-17 Intra-UE multiplexing and Rel-17 SPS HARQ-ACK deferral is supported. Rel-17 Intra-UE multiplexing can be applied to the deferral determination and target slot determination.
· If the Rel-17 Intra-UE multiplexing is configured but dynamically disabled, the multiplexing rule will fall back to Rel-16 multiplexing rule.
Proposal 3: For target slot determination, the UE should first determine a SPS PUCCH for the deferred SPS HARQ-ACK in the slot before performing the (Rel-16) UCI multiplexing operation.
· The SPS PUCCH has the same symbols (start symbol and number of symbols) and PUCCH format as the original SPS PUCCH if there is no initial SPS HARQ-ACK in target slot.
Proposal 4: Support joint operation of SPS HARQ-ACK deferral and semi-static PUCCH carrier switching.
Proposal 5: 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.
Proposal 6: If the final PUCCH/PUSCH in initial/target slot of SPS HARK-ACK deferral is cancelled and if the Rel-17 Retransmission of cancelled HARQ-ACK is configured, the function of Retransmission of cancelled HARQ-ACK can be applied for the HARQ-ACKs from the final PUCCH/PUSCH.
Proposal 7: For one-shot triggering of HARQ re-transmission after the initial PUCCH transmission slot, the triggering DCI is allowed before the initial PUCCH transmission slot.
· The UE expects the PUCCH carrying the HARQ-ACK re-transmission to be scheduled in a slot/sub-slot after the initial PUCCH transmission slot/sub-slot.
Proposal 8: For one-shot HARQ-ACK re-tx, support Alt. 1 to define the offset which indicates a PUCCH to be retransmitted.
· Alt. 1: the PUCCH slot offset defines the offset(HARQ-rx 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 9: For one-shot HARQ-ACK re-tx, the design of HARQ-rx offset parameters in the triggering DCI can be:
· Reinterpret the DAI (C-DAI and/or T-DAI) in the triggering DCI as HARQ-rx offset for Type-2 codebook.
· The HARQ-rx offset can be allowed to be configured as 0 bit in the triggering DCI.
· A HARQ-rx offset set can be configured by RRC per UE, and the HARQ-rx offset parameter in the triggering DCI can indicate a HARQ-rx offset value from this set.
Proposal 10: For one-shot HARQ-ACK re-tx, support the C-DAI and/or T-DAI in the triggering DCI can be reinterpreted as the size field. 
Proposal 11: For one-shot HARQ-ACK re-tx, if the DAI in the triggered DCI is supported to be reinterpreted as HARQ-rx offset and/or size, RRC signaling can configure the DAI field to be reinterpreted either HARQ-rx offset or size.
Proposal 12: For the enhanced Type-3 codebook mechanism, support the C-DAI and/or T-DAI in the triggering DCI can be reinterpreted as the index of the enhanced Type-3 HARQ-ACK codebook.
Proposal 13: A PUCCH repetition mapping to a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported.
Proposal 14: Semi-static configured UCI multiplexing on the dynamically indicated PUCCH cell (other than PCell / SCell / PUCCH-SCell) is not supported.
Proposal 15: UE doesn’t expect the semi-static configured UCI on PCell/PScell/PUCCH-Scell to overlap with PUCCH on dynamically indicated Scell.
Proposal 16: UE does not expect a time-domain pattern configuration with overlapping PUCCH slots on more than one PUCCH cell.
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: 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 a semi-static PUCCH cell configuration, where a single target PUCCH slot / sub-slot would be overlapping with more than one PCell PUCCH slot/sub-slot.
Proposal 19: Dynamic PUCCH cell switching could override semi-static PUCCH cell switching, if joint operation is supported.
Proposal 20: RAN1 to clarify that the maximum number of simultaneously configurable enhanced Type 3 CB within a PUCCH group is indicated by the UE through UE capability signaling from the set of {1, 2, 4, 8}.
Proposal 21: A first parameter and a second parameter with the same value range are used to configure the enhanced Type-3 codebook for the primary and secondary PUCCH group, respectively. For example, pdsch-HARQ-ACK-enhType3 for the primary PUCCH group and pdsch-HARQ-ACK-enhType3-secondaryPUCCHgroup for the secondary PUCCH group.
Proposal 22: A first parameter and a second parameter with the same value range are used to configure the PUCCH carrier switching related configuration for the primary and secondary PUCCH group, respectively, including the target cell and the PUCCH time domain pattern.
Proposal 23: For parameter pucch-cellswitchDyn to enable the dynamic PUCCH carrier switching field in DCI format 1_1, one of the following methods is adopted.
· This parameter remains unchanged. If it is enabled, for the scheduled cell within the PUCCH group without configured target PUCCH cell, the dynamic PUCCH carrier switching field is removed, preserved or ignored by the UE.
· A similar parameter is introduced for the secondary PUCCH group.
· Place this parameter in IE pdsch-config.
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