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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
During RAN1#108-e meeting, a lot of agreements have been achieved for HARQ-ACK enhancements for Rel-17 URLLC. In this contribution, we will discuss some remaining issues on HARQ-ACK enhancements for Rel-17 URLLC.
2. Discussion
2.1. Remaining issues for enhanced Type-3 codebook
2.1.1. Codebook construction
In [2], codebook determination for enhanced Type-3 codebook mainly reuses that for Rel-16 Type-3 codebook, except for some special handling, which is referenced as below for convenience.
-------------------------------------------------------Start of text in [2]-----------------------------------------------------------
9.1.4	Type-3 HARQ-ACK codebook determination
If a UE is provided pdsch-HARQ-ACK-OneShotFeedback, the UE determines  HARQ-ACK information bits, for a total number of  HARQ-ACK information bits, of a Type-3 HARQ-ACK codebook according to the following procedure. If the UE is provided pdsch-HARQ-ACK-enhType3List and a DCI format scheduling PDSCH reception and triggering the Type-3 HARQ-ACK codebook includes a Type3-subcodebook-index field that provides a value for pdsch-HARQ-ACK-enhType3Index, the UE determines a number of indicated serving cells  and a number of indicated HARQ processes  for each indicated serving cell  from the entry in pdsch-HARQ-ACK-enhType3List corresponding to the pdsch-HARQ-ACK-enhType3Index value. If the DCI format does not include the Type3-subcodebook-index field, the pdsch-HARQ-ACK-enhType3Index value is zero.
Set  to the number of configured serving cells or, when applicable, to 
Set  to the value of nrofHARQ-ProcessesForPDSCH for serving cell , if provided; else, set . When applicable, set  to 
Set  to the value of maxNrofCodeWordsScheduledByDCI for serving cell  if harq-ACK-SpatialBundlingPUCCH is provided and , or if harq-ACK-SpatialBundlingPUCCH is not provided, or if maxCodeBlockGroupsPerTransportBlock is provided for serving cell ; else, set 
Set  to the number of HARQ-ACK information bits per TB for PDSCH receptions on serving cell  as described in clause 9.1.1 if maxCodeBlockGroupsPerTransportBlock is provided for serving cell  and pdsch-HARQ-ACK-OneShotFeedbackCBG or pdsch-HARQ-ACK-enhType3CBG is provided; else, set 
Set  if pdsch-HARQ-ACK-OneShotFeedbackNDI or pdsch-HARQ-ACK-enhType3NDI is provided; else set 
Set  – serving cell index
Set  – HARQ process number
Set  – TB index
Set  – CBG index
Set 
while 
while 
……
 
end while
 
 
end while
……
If 
-	a UE detects a DCI format that includes a One-shot HARQ-ACK request field with value 1, and
-	the CRC of the DCI is scrambled by a C-RNTI or an MCS-C-RNTI, and
-	resourceAllocation = resourceAllocationType0 and all bits of the frequency domain resource assignment field in the DCI format are equal to 0, or
-	resourceAllocation = resourceAllocationType1 and all bits of the frequency domain resource assignment field in the DCI format are equal to 1, or
-	resourceAllocation = dynamicSwitch and all bits of the frequency domain resource assignment field in the DCI format are equal to 0 or 1
the DCI format provides a request for a Type-3 HARQ-ACK codebook report and does not schedule a PDSCH reception. If the UE is provided pdsch-HARQ-ACK-enhType3List and the DCI format includes a Type3-subcodebook-index field that provides a value for pdsch-HARQ-ACK-enhType3Index, the UE determines a number of indicated serving cells  and a number of indicated HARQ processes  for each indicated serving cell  from the entry in pdsch-HARQ-ACK-enhType3List corresponding to the pdsch-HARQ-ACK-enhType3Index value. If the DCI format does not include the Type3-subcodebook-index field, the pdsch-HARQ-ACK-enhType3Index value is provided by the value of MCS field in the DCI format. The UE is expected to provide HARQ-ACK information in response to the request for the Type-3 HARQ-ACK codebook after  symbols from the last symbol of a PDCCH providing the DCI format, where the value of  for  is provided in clause 10.2 by replacing "SPS PDSCH release" with "DCI format". 
……
-------------------------------------------------------End of text in [2]-----------------------------------------------------------
Based on the following agreement achieved during RAN1#107-e meeting, it can be understood that serving cell indexes for the subset of serving cells, as well as HARQ process numbers for the subset of configured HARQ processes for a serving cell, involved in an enhanced Type-3 codebook, may not be consecutive. But according to the corresponding text in [2], which is listed above for convenience, the configuration of an enhanced Type-3 codebook only provides a number of indicated serving cells  and a number of indicated HARQ processes  for each indicated serving cell , and the indexes of the indicated serving cells, as well as the numbers of the indicated HARQ processes for each indicated serving cell, are regarded as consecutive, based on the text highlighted in yellow background. In other words, there is a mismatch between the agreement(s) and corresponding description in [2].
 (
Agreement
One enhanced Type 3 HARQ-ACK codebook is RRC configured either as:
a subset of CC, i.e., all HARQ processes of the subset of CCs are part of the codebook, OR
pdsch-HARQ-ACK-enhType3perCC
Configure the one enhanced Type 3 HARQ-ACK codebook using per CC configuration
(
1..
maxNrofServingCells) of Integer (0,1)
a subset of configured HARQ processes per CC, i.e., different subsets of HARQ processes can be configured for each CC.
pdsch-HARQ-ACK-enhType3perHARQ
Configure the one enhanced Type 3 HARQ-ACK codebook using a per HARQ process and CC configuration
(
1..
maxNrofServingCells) of Bit String (Size (16))
)
To resolve the above issue, the following TP can be considered, with the modified text in red.
-------------------------------------------------------Start text proposal-----------------------------------------------------------
Reason for change: Serving cell indexes for the subset of serving cells, as well as HARQ process numbers for the subset of configured HARQ processes for a serving cell, involved in an enhanced Type-3 codebook, may not be consecutive. But based on the description for pseudo code of (enhanced) Type-3 codebook in TS38.213v17.1.0, the configuration of an enhanced Type-3 codebook only provides a number of indicated serving cells  and a number of indicated HARQ processes  for each indicated serving cell , and the indexes of the indicated serving cells, as well as the numbers of the indicated HARQ processes for each indicated serving cell, are regarded as consecutive.
Summary of change: Determine an enhanced Type-3 codebook based serving cell indexes for the subset of serving cells, as well as HARQ process numbers for the subset of configured HARQ processes for a serving cell, involved in the enhanced Type-3 codebook, where the serving cell indexes and/or HARQ process numbers may not be consecutive.
Consequences if not approved: There is a mismatch between the specification and agreement. 

9.1.4	Type-3 HARQ-ACK codebook determination
If a UE is provided pdsch-HARQ-ACK-OneShotFeedback, the UE determines  HARQ-ACK information bits, for a total number of  HARQ-ACK information bits, of a Type-3 HARQ-ACK codebook according to the following procedure. If the UE is provided pdsch-HARQ-ACK-enhType3List and a DCI format scheduling PDSCH reception and triggering the Type-3 HARQ-ACK codebook includes a Type3-subcodebook-index field that provides a value for pdsch-HARQ-ACK-enhType3Index, the UE determines for each configured serving cell  if at least one configured HARQ process for it is involved in the Type-3 HARQ-ACK codebook determination, and when applicable, determines if HARQ process number  for serving cell  is involved in the Type-3 HARQ-ACK codebook determination,  a number of indicated serving cells  and a number of indicated HARQ processes  for each indicated serving cell  from the entry in pdsch-HARQ-ACK-enhType3List corresponding to the pdsch-HARQ-ACK-enhType3Index value. If the DCI format does not include the Type3-subcodebook-index field, the pdsch-HARQ-ACK-enhType3Index value is zero.
Set  to the number of configured serving cells or, when applicable, to 
Set  to the value of nrofHARQ-ProcessesForPDSCH for serving cell , if provided; else, set . When applicable, set  to 
Set  to the value of maxNrofCodeWordsScheduledByDCI for serving cell  if harq-ACK-SpatialBundlingPUCCH is provided and , or if harq-ACK-SpatialBundlingPUCCH is not provided, or if maxCodeBlockGroupsPerTransportBlock is provided for serving cell ; else, set 
Set  to the number of HARQ-ACK information bits per TB for PDSCH receptions on serving cell  as described in clause 9.1.1 if maxCodeBlockGroupsPerTransportBlock is provided for serving cell  and pdsch-HARQ-ACK-OneShotFeedbackCBG or pdsch-HARQ-ACK-enhType3CBG is provided; else, set 
Set  if pdsch-HARQ-ACK-OneShotFeedbackNDI or pdsch-HARQ-ACK-enhType3NDI is provided; else set 
Set  – serving cell index
Set  – HARQ process number
Set  – TB index
Set  – CBG index
Set 
while 
if the UE is not provided pdsch-HARQ-ACK-enhType3List, or, if the UE is provided pdsch-HARQ-ACK-enhType3List and the UE determines that for serving cell  at least one configured HARQ process is involved in the Type-3 HARQ-ACK codebook determination
while 
if the UE is not provided pdsch-HARQ-ACK-enhType3List, or, if the UE is provided pdsch-HARQ-ACK-enhType3List and the UE determines that HARQ process number  for serving cell  is involved in the Type-3 HARQ-ACK codebook determination
……
end if
 
end while
end if
 
 
end while
……
If 
-	a UE detects a DCI format that includes a One-shot HARQ-ACK request field with value 1, and
-	the CRC of the DCI is scrambled by a C-RNTI or an MCS-C-RNTI, and
-	resourceAllocation = resourceAllocationType0 and all bits of the frequency domain resource assignment field in the DCI format are equal to 0, or
-	resourceAllocation = resourceAllocationType1 and all bits of the frequency domain resource assignment field in the DCI format are equal to 1, or
-	resourceAllocation = dynamicSwitch and all bits of the frequency domain resource assignment field in the DCI format are equal to 0 or 1
the DCI format provides a request for a Type-3 HARQ-ACK codebook report and does not schedule a PDSCH reception. If the UE is provided pdsch-HARQ-ACK-enhType3List and the DCI format includes a Type3-subcodebook-index field that provides a value for pdsch-HARQ-ACK-enhType3Index, the UE determines for each configured serving cell  if at least one configured HARQ process for it is involved in the Type-3 HARQ-ACK codebook determination, and when applicable, determines if HARQ process number  for serving cell  is involved in the Type-3 HARQ-ACK codebook determination,a number of indicated serving cells  and a number of indicated HARQ processes  for each indicated serving cell  from the entry in pdsch-HARQ-ACK-enhType3List corresponding to the pdsch-HARQ-ACK-enhType3Index value. If the DCI format does not include the Type3-subcodebook-index field, the pdsch-HARQ-ACK-enhType3Index value is provided by the value of MCS field in the DCI format.  The UE is expected to provide HARQ-ACK information in response to the request for the Type-3 HARQ-ACK codebook after  symbols from the last symbol of a PDCCH providing the DCI format, where the value of  for  is provided in clause 10.2 by replacing "SPS PDSCH release" with "DCI format".
……
--------------------------------------------------------End text proposal----------------------------------------------------------
Proposal 1: Consider the text proposal for enhanced Type-3 codebook determination in TS38.213.
2.2. Remaining issues for PUCCH cell switching
2.2.1. Interaction with PUCCH repetition
Since RAN1#106b-e meeting, joint operation between PUCCH cell switching and PUCCH repetition, especially for semi-static PUCCH cell switching, has been discussed for several times, but no complete solution has been agreed so far. 
During RAN1#106b-e meeting, the following was agreed to determine the PUCCH repetition factor for PUCCH repetition operation.
 (
Agreement
For semi-static and dynamic indication of PUCCH cell switching, the PUCCH repetition factor is determined based on the PUCCH format or PUCCH resource on the target PUCCH cell 
for the first repetition
. 
)
Regarding joint operation between dynamic PUCCH cell switching and PUCCH repetition, it is quite straightforward that the target PUCCH cell indication in the DCI scheduling a PUCCH is applicable for all the PUCCH repetitions of the PUCCH.
Proposal 2: Support joint operation of dynamic PUCCH cell switching and PUCCH repetition in Rel-17, where the target PUCCH cell indication in the DCI scheduling a PUCCH is applicable for all the PUCCH repetitions of the PUCCH.
Regarding joint operation between semi-static PUCCH cell switching and PUCCH repetition, two alternatives were mainly targeted for discussion for several meetings, which were listed as below for reference.
· Alt. 1: The target cell is determined for each PUCCH repetition individually (i.e., switching within the repetition bundle supported).
· If more than one slot on the PUCCH-sSCell overlaps with a slot on the PCell, all slots where the PUCCH can be transmitted on the PUCCH-sSCell are used.
· PUCCH resources corresponding to PUCCH repetitions other than the first PUCCH repetition are determined from the determined PUCCH cell based on the PRI in the (activated) DCI corresponding to the PUCCH.
· A UE does not expect different number of REs in the PUCCH resources to transmit the repetition.
· UE expects that PUCCH resources from PCell/SPCell/PUCCH SCell and PUCCH sScell have the same number of symbols for each PUCCH repetition.
· Alt. 2A: For semi-static PUCCH cell switching, a PUCCH repetition transmission on a different target PUCCH cell from the PUCCH cell of the first PUCCH repetition is not supported.
· A PUCCH slot mapped to different PUCCH cell is considered as invalid for PUCCH repetition and is not counted towards the total number of PUCCH repetitions, i.e., the repetition is postponed as in Rel-16.
During RAN1#108-e meeting, regarding Alt.1, several issues were discussed. To be specific, the first sub-bullet is introduced to maximize latency reduction benefit based on corresponding description in [3], but how to count towards the PUCCH repetition factor should be clarified. Regarding the second sub-bullet, it is only applicable for HARQ-ACK, how to determine PUCCH resources corresponding to PUCCH repetition(s) other than the first PUCCH repetition for other UCI types, i.e. SR and/or CSI, should also be discussed. Regarding the third sub-bullet, it is mainly due to repetition combination for Polar coding, is it desirable or restrictive considering the probability of payload size greater than 11? Besides, the fourth sub-bullet can be de-prioritized based on comments received during RAN1#108-e meeting.
From our perspective, PUCCH repetition is important from reliability perspective. When semi-static PUCCH cell switching is introduced for latency reduction, the reliability should be guaranteed as well. Therefore, it is beneficial to support joint operation of semi-static PUCCH cell switching and PUCCH repetition. We are open to discuss and support either Alt. 1 or Alt. 2A.
Proposal 3: Support joint operation of semi-static PUCCH cell switching and PUCCH repetition in Rel-17.
2.2.2. Handling of SPS HARQ-ACK for dynamic PUCCH cell switching
During RAN1#107b-e meeting, regarding SPS HARQ-ACK reporting with dynamic PUCCH cell switching, four options were identified, formulated as below.
· Option 1: For dynamic PUCCH cell switching, the HARQ-ACK of SPS PDSCH without associated DCI is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI. Only the HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI uses the PUCCH cell based on the indication in the activation DCI (based on the earlier agreement).
· The UE does not expect to be dynamically indicated for PUCCH transmission on the PUCCH sSCell in the SPS activation DCI in a slot overlapping with a PUCCH slot with UCI on PCell / SPCell / PUCCH-SCell slot.
· The UCI on PCell /SPCell / PUCCH SCell dropped due to collision with semi-static DL symbols, SSB, and symbols indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set is exempted and is not multiplexed on the PUCCH on the PUCCH sScell.
· Option 2: For dynamic PUCCH cell switching, the HARQ-ACK of SPS PDSCH without associated DCI is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI. Only the HARQ-ACK corresponding to the first SPS PDSCH activated by Activation DCI uses the PUCCH cell based on the indication in the activation DCI (based on the earlier agreement).
· The UE does not expect to be dynamically indicated for PUCCH transmission on the PUCCH sSCell in the SPS activation DCI.
· Option 3: For dynamic PUCCH cell switching, the HARQ-ACK of SPS PDSCH without associated DCI (including the first SPS PDSCH activated by Activation DCI) is to be transmitted on PCell / SPCell / PUCCH-SCell independently of the dynamically indicated PUCCH cell in the SPS activation DCI.
· Note: This changes an earlier agreement in terms of handling for the first SPS PDSCH activated by Activation DCI.
· Option 4: For dynamic PUCCH cell switching, all PUCCH transmissions with HARQ-ACK for SPS PDSCH receptions of a SPS configuration are on the cell indicated by the DCI format activating the SPS PDSCH receptions.
During RAN1#108-e meeting, the above four options were discussed again, but majority of companies preferred to wait for the output or more clarity from the discussion in [108-e-NR-CRs-02], where a corresponding agreement was achieved as below.
 (
Agreement
The TP for SPS PDSCH activation and PUCCH resource selection for the 1st SPS PDSCH is endorsed in R1-2202898 (TS38.213, Rel-16, CR#0286, Cat. F), R1-2202899 (TS38.213, Rel-17, CR#0287, Cat. A).
)
In other words, it is clarified that the 1st PDSCH associated with an SPS activation DCI is considered as an SPS PDSCH and not a dynamically scheduled PDSCH, for which the corresponding HARQ-ACK reporting in terms of used PUCCH resource and HARQ-ACK multiplexing operation, is the same as that for other SPS PDSCH(s) without associated DCI. Besides, the DAI field(s), and the PUCCH Resource Indication field in an SPS activation DCI are ignored.
In our opinion, Option 1 and Option 2, where HARQ-ACK for SPS PDSCH without associated DCI and that for the first SPS PDSCH associated with an SPS activation DCI are handled differently, are inconsistent with the above agreement. Therefore, only Option 3 or Option 4 may be considered further.
Regarding Option 3, the target PUCCH cell indication in an SPS activation DCI is ignored indeed. Nevertheless, Option 3 will revert the following agreement achieved during RAN1#106-e meeting.
 (
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
)
Regarding Option 4, HARQ-ACK for SPS PDSCHs of different SPS configurations, activated by different SPS activation DCIs, may be reported on different PUCCH cells. Besides, the following agreement should be respected to avoid UCI multiplexing across PUCCH cells. It may be hard to avoid overlapping of SPS HARQ-ACK, as well as overlapping of SPS HARQ-ACK and other UCI, on different PUCCH cells, since multiple SPS configurations may be configured and activated simultaneously for a UE, each with small periodicity, e.g. 1 slot. A possible solution may be adding a restriction to Option 4 with the similar way adopted in Option 2, i.e., the UE does not expect to be indicated for PUCCH transmissions on the PUCCH sSCell in the SPS activation DCI. In other words, the actual limitation for SPS HARQ-ACK reporting is same for Option 3 and Option 4, while the above agreement is not required to be reverted when Option 4 is adopted.
 (
Agreement
For
 
dynamic PUCCH cell switching and Rel-16 PHY prioritization (if any), the earlier RAN1 conclusion is updated with the following changes 
in red 
Conclusion
For dynamic PUCCH cell switching, the UE does not expect a PUCCH slot with UCI 
of a certain PHY priority 
on 
PCell
 /
SPCell
 / PUCCH 
SCell
 to overlap with a PUCCH slot with HARQ-ACK 
of the same or different PHY priority 
on the dynamically indicated alternative PUCCH cell.
The UCI on 
PCell
 /
SPCell
 / PUCCH 
SCell
 dropped due to collision with semi-static DL symbols, SSB, and symbols indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set is exempted and is not multiplexed on the PUCCH on the alternative PUCCH cell.
)
It should be noted that when the target PUCCH cell is indicated/determined, the configured K1 set for the target PUCCH cell will be used accordingly, based on the following agreements. In other words, K1 for SPS HARQ-ACK will be chosen from the configured K1 set for the target PUCCH cell based on the PDSCH-to-HARQ_feedback timing indicator field in the corresponding SPS activation DCI.
 (
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
.
Agreement
For dynamic PUCCH cell switching, the Type 1 HARQ-ACK codebook construction is based on the k1 set(s) of the dynamically indicated PUCCH cell. 
)
We are open to support Option 3 or Option 4, with potential restriction.
Proposal 4: Clarify UE behavior of SPS HARQ-ACK reporting when dynamic PUCCH cell switching is enabled.
3. Conclusion
In this contribution, some remaining issues on HARQ-ACK enhancements for URLLC Rel-17 have been discussed, and the proposals made are summarized as below:
Proposal 1: Consider the text proposal for enhanced Type-3 codebook determination in TS38.213.
Proposal 2: Support joint operation of dynamic PUCCH cell switching and PUCCH repetition in Rel-17, where the target PUCCH cell indication in the DCI scheduling a PUCCH is applicable for all the PUCCH repetitions of the PUCCH.
Proposal 3: Support joint operation of semi-static PUCCH cell switching and PUCCH repetition in Rel-17.
[bookmark: _GoBack]Proposal 4: Clarify UE behavior of SPS HARQ-ACK reporting when dynamic PUCCH cell switching is enabled.
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