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1 [bookmark: _Ref129681862][bookmark: _Ref124589705]Introduction
[bookmark: _Hlk46759833]In this contribution, we provide discussions on UE feedback enhancements for HARQ-ACK with respect to the following agreed objective in [1]:

	[bookmark: _Hlk53405088][bookmark: _Hlk6227919]1.	Study, identify and specify if needed, required Physical Layer feedback enhancements for meeting URLLC requirements covering 
· UE feedback enhancements for HARQ-ACK [RAN1]



2 Discussion
SPS HARQ-ACK deferral for TDD
[bookmark: OLE_LINK47][bookmark: OLE_LINK48]In Release 15, if the UE is configured with SPS PDSCH, and the SPS PDSCH is received in slot n, the UE transmits PUCCH with HARQ-ACK feedback for the corresponding SPS PDSCH in slot n+ k1. If there is no available UL resource in slot n+k1 due to conflict TDD configuration, UE cancels the PUCCH transmission carrying the HARQ-ACK feedback for the SPS PDSCH received in slot n. However, shorter SPS periodicity is supported to reduce latency. For each SPS PDSCH, the value of the timing indicator indicated by the activated DCI or higher layer is the same. The shorter periodicity of SPS PDSCH would lead to frequent collisions between the resource for HARQ-ACK transmission and slot format indicated by semi-static or dynamic TDD configuration, especially for the downlink heavy case. If the mechanism for Release 15 is reused, there will be a bad performance for SPS PDSCH since the HARQ-ACK feedback will be dropped if the collision happens. 
In RAN1 #106-e meeting, several agreements have been achieved on SPS HARQ-ACK deferral, as clarified by moderator [2]:
	We had very good progress on the SPS HARQ-ACK deferral, as we have been now able to clarify: 
· The configuration details for SPS HARQ-ACK deferral
· When to defer from the initial PUCCH slot (i.e. initial slot handling incl. ‘valid’/’invalid’ for the deferral decision)
· How to define the target PUCCH slot (incl. ‘valid’/’invalid’ symbols for the determination)
· Agreement to not defer any further after the target slot has been identified
· HARQ codebook construction in the target slot (i.e append) 
· Confirmed the working assumption on the HARQ process collision 



[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34]One of the remaining issues in the last meeting is the interaction of SPS HARQ-ACK deferral and PUCCH carrier switching. In our understanding, both SPS HARQ-ACK deferral and PUCCH carrier switching are aiming to solve HARQ-ACK dropping issue. For SPS HARQ-ACK deferral, conflicting HARQ-ACKs can be deferred, but this causes a certain transmission latency. PUCCH carrier switching can reduce this latency to some extent. The benefits of joint operation of the two functions is not clear for us. We are open for the discussions, however, the joint operation of SPS HARQ-ACK deferral and PUCCH carrier switching should be considered when each feature becomes complete.
Proposal 1: Joint operation of SPS HARQ-ACK deferral and PUCCH carrier switching should be considered when each feature becomes complete.
Retransmissions of cancelled HARQ
[bookmark: OLE_LINK40][bookmark: OLE_LINK41]In Release-16, when there is a conflict between high priority PUCCH and low priority PUCCH, the prioritization between PUCCH with different priorities may be performed, then the PUCCH with low priority is determined to be canceled. However, if the PUCCH with low priority carries HARQ-ACK(s), the corresponding PDSCH(s) need to be retransmitted. This may bring negative impact on the resource efficiency, especially when the dropped HARQ-ACK is an ACK. For this reason, it is necessary to retransmit the canceled HARQ-ACK.
In the latest RAN1#106-e meeting [3], the following agreements have been achieved:
	Agreement 
Confirm the following RAN1#105-e working assumption:
For at least HARQ-ACK re-transmission:
· Support at least one enhanced Type 3 HARQ-ACK CB with smaller size (compared to Rel-16) in Rel-17
· Definition of enhanced Type 3 CB: 
· The codebook size of a single triggered enhanced Type 3 HARQ-ACK codebook at least determined by RRC configuration 
· The codebook construction uses HARQ processes as a bases (i.e. ordered according to HARQ-IDs and serving cells)
· Support one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB (i.e. Alt. 3) in Rel-17
· Details are FFS
· Enhanced Type 3 HARQ-ACK CB and/or one-shot triggering (by a DL assignment) of HARQ-ACK re-transmission on a PUCCH resource other than enhanced Type 2 or (enhanced) Type 3 HARQ-ACK CB are subject to separate UE capabilities

Agreement
For enh. Type 3 HARQ-ACK CB(s), support dynamic selection based on indication in the triggering DCI of one of at least one enh. Type 3 HARQ-ACK CB(s). 
· Each of the at least one enh. Type 3 HARQ-ACK CBs is at least defined by RRC configuration This includes the option to configure all DL HARQ processs of all configured CCs as one enh. Type 3 HARQ-ACK CB (resulting in same structure and size as the Rel-16 Type 3 HARQ-ACK CB)
· This includes UE capability signaling (value range {1…X}) on the maximum number of supported simultaneously configured enh. Type 3 HARQ-ACK CBs that can be dynamically indicated 
· Details including the value of X are FFS

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
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




For enhanced Type-3 HARQ-ACK codebook with smaller size, dynamic selection based on indication in the triggering DCI of one of at least one enh. Type 3 HARQ-ACK CB(s) is supported in Release 17. Regarding the triggering details for enh. Type3 CB, we prefer to indicate the selected enh. Type3 CB with an N-bit DCI field, since this solution is much easier. The N-bit DCI field for triggering included, one state indicating ‘not trigger’ whereas the remaining signalling states can be used to indicated one of up to M different enh. Type 3 CBs. N is defined as N=log2 (M+1). Considering the limitation on the number of enhanced Type 3 HARQ-ACK codebook, N will not be a large number and therefore the method will not introduce a large signalling overhead.
Proposal 2: Regarding the dynamic selection of enhanced Type3 HARQ-ACK codebook, an N-bit DCI filed for triggering should be supported. 
[bookmark: OLE_LINK49]PUCCH carrier switching for HARQ-ACK feedback
In the latest RAN1#106-e meeting [3], agreements have been achieved as following:
	Agreement
Update the following RAN1#105-e agreement as (RED):   
· RAN1#105-e Agreement: For PUCCH carrier switching, the PUCCH resource configuration (i.e. pucch-Config / PUCCH-ConfigurationList) is per UL BWP (i.e. per candidate cell and UL BWP of that specific candidate cell).
· FFS: CSI and SR

Agreement
In addition to HARQ-ACK of PDSCH dynamically scheduled by a DCI indicating a PUCCH carrier, the dynamic target carrier indication also applies to:
· HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI based on the indication in the activation DCI
· HARQ-ACK corresponding to the SPS Release DCI based on the indication in the release DCI
· triggered PUCCH for Rel-16 Type 3 CB, Rel-17 enh. Type 3 CB of smaller size and Rel-17 one-shot triggering for HARQ-ACK retransmission based on the indication in the triggering DCI
· FFS: Additional cases

Agreement
Semi-static PUCCH carrier switching is applicable to all UCI types incl. HARQ-ACK, SR and CSI.



Regarding the PUCCH carrier switching for HARQ-ACK feedback, there has been some progress in the latest meeting. But there are still many details to be discussed for PUCCH carrier switching when the numerology or slot length of PCell and SCell are different. There are two cases which could be considered for this issue,
1. PUCCH slot on PCell is longer than PUCCH slot on dynamically indicated PUCCH cell.
2. PUCCH slot on PCell is shorter than PUCCH slot on dynamically indicated PUCCH cell. 
As specified in Figure 1, for PUCCH carrier switching based on dynamic indication, the slot length of PCell is longer than the slot length of SCell. For this case, the UE can be indicated to select one of the slots from the SCell for UCI multiplexing. This has benefit for latency reduction and has no scheduling restrictions.
[image: ]
Figure 1
Proposal 3: For PUCCH carrier switching based on dynamic indication, if the PCell PUCCH slot length is longer than the dynamically indicated PUCCH cell slot, 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.
In contrast, for the second case, if PUCCH slot on PCell is shorter than PUCCH slot on dynamically indicated PUCCH cell, it means there are more than one PCell slot overlaps with a dynamically indicated PUCCH cell slot. In this case, multiple UCIs from different slots may need to be multiplexed to one indicated PUCCH cell slot. Due to the time limitation in Release 17, there is no need to make the discussion more complicated. Therefore, for PUCCH carrier switching based on dynamic indication, the UE does not expect UCI from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot.
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Figure 2
Proposal 4: For PUCCH carrier switching based on dynamic indication, the UE is not expected that UCI from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot.
Regarding the semi-static PUCCH carrier switching, we want to confirm one of the proposal in [2] first, to make it much simpler for specification handling. The gNB should guarantee by configuration of the time-domain pattern for PUCCH carrier switching, that the PUCCH carrier switching points are to be aligned with PUCCH slot/sub-slot boundaries of a PUCCH cell.
Proposal 5: The gNB will need to guarantee by configuration of the time-domain pattern for PUCCH carrier switching, that the PUCCH carrier switching points are to be aligned with PUCCH slot/sub-slot boundaries of a PUCCH cell.
For the semi-static PUCCH carrier switching, there are still two scenarios need to be discussed,
1. Slot length of the time-domain pattern/reference cell is longer than the PUCCH cell slot 
2. Slot length of the time-domain pattern/reference cell is shorter than the PUCCH cell slot 
Regarding the above two cases, the principle is the same with dynamic based indication. For the case, in which the slot of the time-domain pattern /reference cell is longer than the PUCCH cell slot, the UE can select one of the overlapping target PUCCH cell slot to multiplex the UCI from the reference cell. Considering the latency requirement, we prefer to select the first target PUCCH slot which overlapping with the reference cell slot.
Proposal 6: 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 first target PUCCH slot overlapping with the reference cell slot.
For the second case that the slot length of the time-domain pattern/reference cell is shorter than the PUCCH cell slot, we share the same view as dynamic based indication. There is no need to discuss the multiplexing of UCI from more than one PUCCH slot on a single target PUCCH cell slot. Therefore, the UE is not expected that UCI from more than one reference cell slot to be overlapping with a single target PUCCH cell slot.
Proposal 7: For PUCCH carrier switching based on semi-static indication, the UE does not expect UCI from more than one reference cell slot to be overlapping with a single target PUCCH cell slot.

3 Conclusions
The following proposals have been made in this document.
Proposal 1: Joint operation of SPS HARQ-ACK deferral and PUCCH carrier switching should be considered when each feature becomes complete.
Proposal 2: Regarding the dynamic selection of enhanced Type3 HARQ-ACK codebook, an N-bit DCI filed for triggering should be supported. 
Proposal 3: For PUCCH carrier switching based on dynamic indication, if the PCell PUCCH slot length is longer than the dynamically indicated PUCCH cell slot, 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.
Proposal 4: For PUCCH carrier switching based on dynamic indication, the UE is not expected that UCI from more than one PCell PUCCH slot to be overlapping with a single dynamically indicated PUCCH cell slot.
Proposal 5: The gNB will need to guarantee by configuration of the time-domain pattern for PUCCH carrier switching, that the PUCCH carrier switching points are to be aligned with PUCCH slot/sub-slot boundaries of a PUCCH cell.
Proposal 6: 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 first target PUCCH slot overlapping with the reference cell slot.
Proposal 7: For PUCCH carrier switching based on semi-static indication, the UE does not expect UCI from more than one reference cell slot to be overlapping with a single target PUCCH cell slot.
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