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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
During RAN1#107-e meeting, a lot of agreements have been achieved on HARQ-ACK enhancements for Rel-17 URLLC, which are listed in Annex for reference. 
In this contribution, we will discuss some remaining issues on HARQ-ACK enhancements for Rel-17 URLLC based on the progress achieved so far.
2. Discussion
2.1. SPS HARQ-ACK deferral
2.1.1. Interaction with PUCCH repetition
During RAN1#107-e meeting, the issue regarding interaction between SPS HARQ-ACK deferral and PUCCH repetition was extensively discussed, which had attracted a lot of attention since RAN1#106b-e meeting. At the end of RAN1#107-e meeting, there were two proposals about this issue formulated by the moderator, listed as below.
 (
Proposal 10.1 
(for email approval)
:
 Support the simultaneous configuration of SPS HARQ deferral and PUCCH repetition 
based on
 
Alt. 3
:  
If the SPS HARQ from the initial PUCCH slot is subject 
to 
deferral, the UE proceeds to determine a target PUCCH slot as per the specified R17 SPS HARQ deferral procedure 
without taking 
a potential 
PUCCH repetition 
in the initial slot 
into account
. 
In case the PUCCH format or PUCCH resource in the target PUCCH slot has a PUCCH repetition factor larger than 1, the 
>1 
repetitions
 take place starting from the target PUCCH slot 
using the Rel-16 PUCCH repetition procedure without considering the maximum SPS HARQ deferral limitation 
any further 
after the first PUCCH repetition
.
Proposal 10.2 
(for email approval)
:
 If proposal 10.1 above is not agreeable, the following Conclusion is approved automatically:
Conclusion: There is no consensus to support 
simultaneous configuration of SPS HARQ deferral and PUCCH repetition in Rel-17. 
)
The Proposal 10.1 was formulated based on Alt.3, in the spirit of consistent behavior for initial slot/sub-slot and target slot/sub-slot. 
Specifically, if the PUCCH resource determined for SPS HARQ-ACK in the initial slot/sub-slot colliding with any semi-static DL symbol, SSB symbol or symbol indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, SPS HARQ-ACK deferral will be triggered for SPS HARQ-ACK corresponding to SPS configuration(s) configured with deferral, irrespective of whether the PUCCH resource or corresponding PUCCH format has a repetition factor larger than 1. In other words, in the initial slot/sub-slot, Rel-16 PUCCH repetition operation, including related deferral due to collision with semi-static DL symbol(s)/SSB symbol(s), will not be considered. When the PUCCH resource or corresponding PUCCH format has a repetition factor larger than 1, the first repetition before potential PUCCH repetition deferral due to collision with semi-static DL symbol(s)/SSB symbol(s) will be used in actual to determine if any collision happens for triggering SPS HARQ-ACK deferral. 
On the other hand, if the PUCCH format or PUCCH resource determined for SPS HARQ-ACK in the target slot/sub-slot has a repetition factor larger than 1, which means there is no collision identified for the first repetition of the determined PUCCH resource before potential PUCCH repetition deferral due to collision with semi-static DL symbol(s)/SSB symbol(s), and the target slot/sub-slot does not exceed the deferral limit by maximum deferral value, then Rel-16 PUCCH repetition operation will be performed, irrespective of whether any remaining PUCCH repetition will exceed the deferral limit by maximum deferral value or not.
In our opinion, Proposal 10.1 prevents parallel deferral procedures, i.e., PUCCH repetition deferral and SPS HARQ-ACK deferral. Furthermore, the consistent behavior in terms of collision judgement for triggering deferral in an initial slot/sub-slot and continuing deferral in a candidate target slot/sub-slot can lead to deterministic and specific UE behavior in all cases, including the case where in a slot/sub-slot there is initial SPS HARQ-ACK corresponding to SPS configuration(s) configured with deferral, as well as deferred SPS HARQ-ACK. In this case, the slot/sub-slot is regarded as initial slot/sub-slot for the initial SPS HARQ-ACK, as well as regarded as candidate target slot/sub-slot for the deferred SPS HARQ-ACK, where consistent behavior for initial slot/sub-slot and target slot/sub-slot is more desired. Hence, we support Proposal 10.1.
Alternatively, it is also acceptable to disallow simultaneous configuration of SPS HARQ-ACK deferral and PUCCH repetition, i.e. Proposal 10.2 is also acceptable if consensus cannot be achieved quickly.
Proposal 1: Support simultaneous configuration of SPS HARQ-ACK deferral and PUCCH repetition. If the SPS HARQ-ACK from the initial PUCCH slot is subject to deferral, the UE proceeds to determine a target PUCCH slot as per the specified Rel-17 SPS HARQ-ACK deferral procedure without taking potential PUCCH repetition deferral in the initial slot into account. In case the PUCCH format or PUCCH resource in the target PUCCH slot has a PUCCH repetition factor larger than 1, the >1 repetitions take place starting from the target PUCCH slot using the Rel-16 PUCCH repetition procedure without considering the maximum SPS HARQ-ACK deferral limitation after the first PUCCH repetition.
2.1.2. Interaction with dynamic PUCCH carrier switching
Regarding interaction between SPS HARQ-ACK deferral and PUCCH carrier switching, during RAN1#107-e meeting, it was agreed to support simultaneous configuration of SPS HARQ-ACK deferral and PUCCH carrier switching based on semi-static time domain pattern, with the corresponding agreement listed as below.
 (
Agreement
Support simultaneous configuration of SPS HARQ-ACK deferral and PUCCH cell switching based on the semi-static time domain pattern:
For the target slot determination of SPS HARQ-ACK deferral,
Step 1: the UE first determines a next PUCCH slot on the cell for PUCCH transmission using the semi-static time-domain PUCCH cell pattern and the related rules for semi-static PUCCH cell switching, followed by
Step 2: the UE determines based on the SPS HARQ-ACK deferral rules if this PUCCH slot on the PUCCH cell for transmission is the target PUCCH slot or not.
Note: In step 1, k is increased on 
PCell
/
PScell
/PUCCH-
Scell
. “The next PUCCH slot” represents the slot on the PUCCH cell based on PUCCH cell pattern, which is mapped from the 
PCell
/
PScell
/PUCCH-
Scell
 slot with increased K1.
Note: The maximum deferral limitation checking is based on the effective k + 
k
def
 value based on the granularity of 
PCell
 / 
PS
C
ell
/PUCCH-
S
C
ell
)
For interaction between SPS HARQ-ACK deferral and PUCCH carrier switching based on dynamic indication, i.e., dynamic PUCCH carrier switching, a proposal was brought by the moderator at the end of RAN1#107-e meeting as below.
 (
Proposal 9.1:
 Support simultaneous configuration of SPS HARQ-ACK deferral and dynamic PUCCH cell switching: 
Details are FFS
)
Supporting simultaneous configuration of SPS HARQ-ACK deferral and dynamic PUCCH carrier switching may bring more flexibility for sufficiently utilizing each feature as required. On the other hand, it is necessary to clarify or specify corresponding behavior on how the two features can work together. Considering we are in the maintenance phase, it is desirable to avoid any complicated discussion.
Based on our understanding, when SPS HARQ-ACK deferral and dynamic PUCCH carrier switching are configured simultaneously, SPS HARQ-ACK deferral can be performed only on PCell/PSCell/PUCCH-SCell. Furthermore, the UE does not expect a PUCCH slot where a PUCCH resource conveying deferred SPS HARQ-ACK locates to overlap with a PUCCH slot with HARQ-ACK on the dynamically indicated alternative PUCCH cell. Nevertheless, the PUCCH resource conveying deferred SPS HARQ-ACK can be exempted if the corresponding PUCCH transmission is dropped due to collision with semi-static DL symbols, SSB symbols, and symbols indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set.
Proposal 2: Support simultaneous configuration of SPS HARQ-ACK deferral and dynamic PUCCH carrier switching under the condition of no additional complicated discussion or solution.
2.2. Re-transmission of cancelled HARQ-ACK
2.2.1. Remaining issues for enhanced Type-3 codebook
· 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 the CR.
 (
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-----------------------------------------------------------
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 3: Consider the text proposal for enhanced Type-3 codebook determination in TS38.213.
2.2.2. Remaining issues for one-shot triggering of HARQ-ACK re-transmission
· HARQ-ACK re-transmission offset indication
During RAN1#107-e meeting, how to indicate HARQ-ACK re-transmission offset was discussed extensively, and some agreements were achieved, i.e., HARQ-ACK re-transmission offset is indicated with the slot where to issue the triggering DCI as the reference point, and the value range for offset is fixed in the specification. Furthermore, there was a working assumption made that one-shot triggering is supported before the initial PUCCH transmission slot, as well as after it. The working assumption is listed as below for convenience.
 (
Working Assumption
 
For one-shot triggering of HARQ re-transmission, 
i
n
 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
Re-transmission triggering does not change processing for the initial PUCCH transmission (i.e., HARQ multiplexing / dropping / transmission)
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. 
The support for the triggering before the initial PUCCH transmission slot is subject to separate UE capability indication
)
Nevertheless, there are some remaining issues for HARQ-ACK re-transmission offset indication. 
Firstly, regarding the above working assumption, since it is explicitly stated that re-transmission triggering does not change processing for the initial PUCCH transmission (i.e., HARQ-ACK multiplexing / dropping / transmission, etc.), no timeline issue can be identified. Therefore, it can be confirmed.
Proposal 4: Confirm the working assumption that one-shot triggering is supported before the initial PUCCH transmission slot, as well as after it.
Secondly, the value range for HARQ-ACK re-transmission offset has not been determined so far. Regarding the value range two proposals were formulated by the moderator during RAN1#107-e meeting, listed as below.
 (
Question 10.1:
 
For one-shot HARQ-ACK re-transmission, the MINIMUM supported value (for the early triggering) for the HARQ re-
tx
 offset is:
Alt. 1: -31 or -32 (choose 31 or 32 to potentially use the bits efficiently)
Alt. 2: -15 or -16
Alt. 3: -7 or -8
Alt. 4: -4
Question 10.2:
 
For one-shot HARQ-ACK re-transmission, the MAXIMUM supported value for the HARQ re-
tx
 offset is:
Alt. 1: 24
Alt. 2: 32
Alt. 3: 48
Alt. 4: 64
)
In our opinion, the value range for HARQ-ACK re-transmission offset should be determined properly. If it is too narrow, flexibility for one-shot triggering will be affected significantly, leading to less usefulness of it. On the contrary, if it is too wide, additional unnecessary candidate value(s) will lead to more indicating bits in a triggering DCI, and more than one field in the triggering DCI may be required to be reused for offset indication, resulting in more complexity unnecessarily.
Regarding the minimum value, negative value(s) can be used to support one-shot triggering before the initial PUCCH transmission slot, i.e. early triggering. Since in NR Rel-15/16, the maximum K1 value is 15, the absolute value for the minimum value should not exceed 15, due to that the triggering DCI should be issued after the original DCI. Therefore, for Question 10.1, Alt. 2/3/4 can be considered. Alt. 4 may be too restrictive. Alt. 3 is preferred, and Alt. 2 can be accepted as well.
Proposal 5: For one-shot triggering of HARQ-ACK re-transmission, the minimum supported value for HARQ-ACK re-transmission offset can be -7 or -8. -15 or -16 can be accepted as well.
Regarding the maximum value, the value range for the maximum SPS HARQ-ACK deferral value can be considered as a reference, since these two features share the similarity of providing a new transmission opportunity for cancelled/dropped HARQ-ACK. Therefore, the maximum value should not exceed 32, and for Question 10.2, Alt. 1/2 can be considered. Alt. 1 is preferred, and Alt. 2 can be acceptable as well.
Proposal 6: For one-shot triggering of HARQ-ACK re-transmission, the maximum supported value for HARQ-ACK re-transmission offset can be 24. 32 can be accepted as well.
Thirdly, which DCI field(s) to be reused to indicate HARQ-ACK re-transmission offset should be discussed after determining the value range for HARQ-ACK re-transmission offset. 
[bookmark: _GoBack]During the previous discussion many companies prefer to use the MCS field. In addition, MCS field is also reused to choose a configured enhanced Type-3 codebook when additional field is not configured in a triggering DCI, and the triggering DCI does not schedule PDSCH reception. In this regard, reusing the MCS field to indicate HARQ-ACK re-transmission offset is more aligned with the design of enhanced Type-3 codebook triggering as well.
In summary, the MCS field in the triggering DCI, which does not schedule PDSCH reception, can be reused to indicate HARQ-ACK re-transmission offset.
Proposal 7: For one-shot triggering of HARQ-ACK re-transmission, reuse the MCS field to indicate HARQ-ACK re-transmission offset.
· Interaction with SPS HARQ-ACK deferral
During RAN1#107-e meeting, it was agreed to support simultaneous configuration of Rel-16 Type-3 codebook or enhanced Type-3 codebook triggering and SPS HARQ-ACK deferral, as below.
 (
Agreement
Support simultaneous configuration of Rel-16 Type 3 HARQ-ACK codebook or enhanced Type 3 HARQ-ACK codebook triggering and SPS HARQ-ACK deferral.
In case a R16 Type 3 HARQ-ACK CB or an enhanced Type 3 HARQ-ACK codebook is triggered for transmission in a PUCCH slot, the UE stops the deferral procedure
 of pending SPS HARQ-ACK in that PUCCH slot and that PUCCH slot is not considered as a potential target slot for SPS HARQ-ACK deferral anymore.
)
Regarding simultaneous configuration of one-shot triggering and SPS HARQ-ACK deferral, it was also discussed during RAN1#107-e meeting, but no consensus was achieved in the end. The last version of the proposal for this issue, which was formulated by the moderator during RAN1#107-e meeting, is listed as below for convenience.
 (
Mod3 
Proposal 3.3.9
: Support the simultaneous configuration of one-shot triggering of HARQ re-transmission and SPS deferral 
The HARQ-ACK CB including deferred SPS HARQ-ACK bits (if any) of the PUCCH slot indicated by the 
HARQ_offset
 will be retransmitted in the new retransmission PUCCH triggered by one-shot triggering DCI
And use Alt. 1, i.e., 
The 
PUCCH slot with a one-shot triggered HARQ-ACK CB is regarded as a 
target
 
PUCCH slot for SPS HARQ-ACK deferral 
with same PHY priority as the PHY priority of the triggered one-shot HARQ-ACK re-transmission
.
The deferred SPS HARQ-ACK in a target slot is 
appened
 to the re-transmitted HARQ-ACK CB following the operation of one-shot HARQ-ACK re-transmission. 
)
In our opinion, simultaneous configuration of one-shot triggering and SPS HARQ-ACK deferral can be supported for more flexibility. Since the spirit of one-shot triggering is triggering re-transmission of a cancelled or dropped HARQ-ACK codebook as it is, even if the HARQ-ACK codebook contains deferred SPS HARQ-ACK, all HARQ-ACK in the HARQ-ACK codebook should be re-transmitted as a whole for simplicity. In addition, when there is some deferred SPS HARQ-ACK in the PUCCH slot for triggered HARQ-ACK re-transmission, to avoid dropping of deferred SPS HARQ-ACK, and to simplify UE behavior, the triggered HARQ-ACK re-transmission can be regarded as corresponding to DCI, or dynamically scheduled HARQ-ACK (called DG HARQ-ACK in short hereinafter). Therefore, the deferred SPS HARQ-ACK can be multiplexed with the triggered HARQ-ACK re-transmission, and the resulting HARQ-ACK codebook after multiplexing is expected to be transmitted successfully. Regarding multiplexing operation herein, the same rule for multiplexing deferred SPS HARQ-ACK and DG HARQ-ACK can be reused naturally, i.e., appending deferred SPS HARQ-ACK to DG HARQ-ACK.
Proposal 8: Support simultaneous configuration of one-shot triggering and SPS HARQ-ACK deferral. The PUCCH slot with a triggered HARQ-ACK re-transmission is regarded as a target PUCCH slot for SPS HARQ-ACK deferral, where deferred SPS HARQ-ACK is multiplexed with the triggered HARQ-ACK re-transmission by appending to the triggered HARQ-ACK codebook.
In addition, one-shot triggering of HARQ-ACK re-transmission can be used to retrieve deferred SPS HARQ-ACK dedicatedly, when required. 
As illustrated in Figure 1, a triggering DCI in slot 6 is issued to retrieve all deferred SPS HARQ-ACK in slot 7. In such case, the SPS HARQ-ACK deferral should be stopped in slot 7, and slot 7 is regarded as the target slot, where all deferred SPS HARQ-ACK will be reported. Therefore, SPS HARQ-ACK can be transmitted in advance with potential higher reliability, compared to only applying SPS HARQ-ACK deferral, where SPS HARQ-ACK transmitted in slot 8 as the target slot may be dropped finally due to SFI or multiplexing with semi-static UCI(s), e.g., CSI.


[bookmark: _Ref86773498]Figure 1 Triggered enhanced Type-3 codebook to retrieve deferred SPS HARQ-ACK
Proposal 9: One-shot triggering of HARQ-ACK re-transmission can be used to retrieve deferred SPS HARQ-ACK dedicatedly, when required.
2.2.3. Others
For enhanced Type-2 codebook, it may be reused directly for dynamically scheduled PDSCH, with the clarification that PDSCH grouping is performed for each physical priority respectively, and at most two PDSCH groups are allowed per physical priority. 
Proposal 10: Support re-transmission of cancelled HARQ-ACK by enhanced Type-2 codebook.
Proposal 11: It can be clarified that for enhanced Type-2 codebook, PDSCH grouping is performed for each physical priority respectively, and at most two PDSCH groups are allowed per physical priority.
2.3. PUCCH carrier switching for HARQ-ACK
2.3.1. PUCCH carrier switching based on semi-static configuration
· K1 set for Type-1 codebook construction
For Type-1 codebook, which K1 set to use for codebook construction has been discussed for a long time, but no consensus has been achieved so far. The last version of the proposal for this issue, which was formulated by the moderator during RAN1#107-e meeting, is listed as below for convenience.
 (
Mod 
Proposed Conclusion 6.2.5:
 The Type 1 HARQ-ACK codebook construction is based on the k1 set(s) 
of the 
PCell
 / 
SPCell
 / PUCCH 
Scell
 for semi-static PUCCH cell switching; and
of the dynamically indicated PUCCH cell for dynamic PUCCH cell switching 
FFS: when both dynamic and semi-static switching are enabled
)
With respect to the above proposal, it is common understanding that for dynamic PUCCH carrier switching, Type-1 codebook construction is based on the K1 set for the dynamically indicated PUCCH cell. Nevertheless, for semi-static PUCCH carrier switching it has not been determined whether the K1 set for the PCell/PSCell/PUCCH-SCell or that for the alternative PUCCH cell should be used when PUCCH transmission is expected on the alternative PUCCH cell.
In our opinion, since for semi-static PUCCH carrier switching only the K1 set for the PCell/PSCell/PUCCH-SCell is used in actual, this K1 set should be used for Type-1 codebook construction, irrespective of whether the constructed Type-1 codebook is expected to be transmitted on the PCell/PSCell/PUCCH-SCell or on the alternative PUCCH cell. Nevertheless, when the Type-1 codebook is expected to be transmitted on the alternative PUCCH cell, the uplink SCS for the PCell/PSCell/PUCCH-SCell should be chosen when running the Type-1 codebook construction pseudo code where an uplink SCS for PUCCH transmission and a downlink SCS for PDSCH reception for each configured serving cell should be assumed, and the Type-1 codebook will be transmitted in the first PUCCH slot among one or more PUCCH slots on the alternative PUCCH cell overlapping with the PUCCH slot on the PCell/PSCell/PUCCH-SCell determined by the K1 set configured for the PCell/PSCell/PUCCH-SCell, as well as K1 index(es) indicated in scheduling DCI(s), if any.
Proposal 12: For semi-static PUCCH carrier switching, Type-1 codebook construction is based on the K1 set, as well as the uplink SCS, for the PCell/PSCell/PUCCH-SCell.
· Interaction with PUCCH repetition
Since RAN1#106b-e meeting, joint operation between semi-static PUCCH carrier switching and PUCCH repetition has been discussed for several times, with no consensus so far. The latest version of corresponding proposal formulated by the moderator during RAN1#107-e meeting is listed as below for convenience.
 (
Mod2
 
Proposal 6.2.12:
 
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 the PUCCH repetition is dropped
)
For a single PUCCH resource, if at least one repetition is transmitted on a different PUCCH cell with potential different SCS or sub-slot configuration, it may be hard to combine corresponding repetitions for PUCCH detection. To avoid this undesirable case and corresponding complexity, we support the above proposal.
Proposal 13: For semi-static PUCCH carrier switching in conjunction with PUCCH repetition, a PUCCH repetition mapping to a different target PUCCH cell from the target PUCCH cell of the first PUCCH repetition is not supported.
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: Support simultaneous configuration of SPS HARQ-ACK deferral and PUCCH repetition. If the SPS HARQ-ACK from the initial PUCCH slot is subject to deferral, the UE proceeds to determine a target PUCCH slot as per the specified Rel-17 SPS HARQ-ACK deferral procedure without taking potential PUCCH repetition deferral in the initial slot into account. In case the PUCCH format or PUCCH resource in the target PUCCH slot has a PUCCH repetition factor larger than 1, the >1 repetitions take place starting from the target PUCCH slot using the Rel-16 PUCCH repetition procedure without considering the maximum SPS HARQ-ACK deferral limitation after the first PUCCH repetition.
Proposal 2: Support simultaneous configuration of SPS HARQ-ACK deferral and dynamic PUCCH carrier switching under the condition of no additional complicated discussion or solution.
Proposal 3: Consider the text proposal for enhanced Type-3 codebook determination in TS38.213.
Proposal 4: Confirm the working assumption that one-shot triggering is supported before the initial PUCCH transmission slot, as well as after it.
Proposal 5: For one-shot triggering of HARQ-ACK re-transmission, the minimum supported value for HARQ-ACK re-transmission offset can be -7 or -8. -15 or -16 can be accepted as well.
Proposal 6: For one-shot triggering of HARQ-ACK re-transmission, the maximum supported value for HARQ-ACK re-transmission offset can be 24. 32 can be accepted as well.
Proposal 7: For one-shot triggering of HARQ-ACK re-transmission, reuse the MCS field to indicate HARQ-ACK re-transmission offset.
Proposal 8: Support simultaneous configuration of one-shot triggering and SPS HARQ-ACK deferral. The PUCCH slot with a triggered HARQ-ACK re-transmission is regarded as a target PUCCH slot for SPS HARQ-ACK deferral, where deferred SPS HARQ-ACK is multiplexed with the triggered HARQ-ACK re-transmission by appending to the triggered HARQ-ACK codebook.
Proposal 9: One-shot triggering of HARQ-ACK re-transmission can be used to retrieve deferred SPS HARQ-ACK dedicatedly, when required.
Proposal 10: Support re-transmission of cancelled HARQ-ACK by enhanced Type-2 codebook.
Proposal 11: It can be clarified that for enhanced Type-2 codebook, PDSCH grouping is performed for each physical priority respectively, and at most two PDSCH groups are allowed per physical priority.
Proposal 12: For semi-static PUCCH carrier switching, Type-1 codebook construction is based on the K1 set, as well as the uplink SCS, for the PCell/PSCell/PUCCH-SCell.
Proposal 13: For semi-static PUCCH carrier switching in conjunction with PUCCH repetition, a PUCCH repetition mapping to a different target PUCCH cell from the target PUCCH cell of the first PUCCH repetition is not supported.
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Agreements achieved during RAN1#107-e meeting are listed as follows.
SPS HARQ-ACK deferral:
Agreement
The maximum SPS HARQ-ACK deferral value in terms of k1+k1def per SPS configuration is RRC configured from a value range of {1…32}.

Agreement
The earlier RAN1 agreements on the valid symbol definition in the initial and target PUCCH slot for SPS HARQ-ACK deferral are further clarified as: 
· For SPS HARQ-ACK deferral, for the determination of valid symbols in the initial and target PUCCH slot/sub-slot a collision with semi-static DL symbols, SSB and symbols indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set is regarded as ‘invalid’ or ‘no symbols for UL transmission’.

Conclusion
For SPS HARQ-ACK deferral, if a UE is not configured with Rel-17 intra-UE multiplexing but configured with Rel-16 PHY prioritization, the UE first performs Rel-16 UCI multiplexing and PHY prioritization in both initial slot and target slot and if a LP SPS HARQ-ACK PUCCH is deprioritized, the LP SPS HARQ-ACK is not deferred.
· Note: If the SPS HARQ-ACK is deprioritized in any slot, no further deferral.

Agreement
Support simultaneous configuration of SPS HARQ-ACK deferral and PUCCH cell switching based on the semi-static time domain pattern:
For the target slot determination of SPS HARQ-ACK deferral,
· Step 1: the UE first determines a next PUCCH slot on the cell for PUCCH transmission using the semi-static time-domain PUCCH cell pattern and the related rules for semi-static PUCCH cell switching, followed by
· Step 2: the UE determines based on the SPS HARQ-ACK deferral rules if this PUCCH slot on the PUCCH cell for transmission is the target PUCCH slot or not.
· Note: In step 1, k is increased on PCell/PScell/PUCCH-Scell. “The next PUCCH slot” represents the slot on the PUCCH cell based on PUCCH cell pattern, which is mapped from the PCell/PScell/PUCCH-Scell slot with increased K1.
· Note: The maximum deferral limitation checking is based on the effective k + kdef value based on the granularity of PCell / PScell/PUCCH-Scell

Re-transmission of cancelled HARQ-ACK:
Agreement
The list enhanced Type 3 HARQ-ACK codebooks is configured per PUCCH cell group (i.e., separately configurable for primary and secondary PUCCH cell group).

Agreement
One enhanced Type 3 HARQ-ACK codebook is RRC configured either as:
1. 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)


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))



Agreement
If more than one (M>1) enhanced Type 3 HARQ-ACK codebook is configured and the triggering DCI with the ‘one-shot HARQ-ACK request’ set to ‘1’,
· If the FDRA field is not valid, i.e. all “1s” or all “0s” as per Rel-16, then PDSCH is not scheduled:
. If a new field with N=ceiling(log2 (M)) bits is configured in the triggering DCI, the UE uses this new field to indicate one of M configured e-Type 3 HARQ-ACK CBs
. If the new field is not configured in the triggering DCI, the UE uses the MCS field to indicate one of M configured e-Type 3 HARQ-ACK CBs
· If the FDRA field is valid, then a PDSCH is scheduled
. If a new field with N=ceiling(log2 (M)) bits is configured in the triggering DCI, the UE uses this new field to indicate one of M configured e-Type 3 HARQ-ACK CBs
. If the new field is not configured in the triggering DCI, the UE selects the 1st indexed e-Type 3 HARQ-ACK CB in the M configured e-Type 3 HARQ-ACK CBs

Agreement
Support simultaneous configuration of enhanced Type 3 CB triggering and PUCCH cell switching. 

Agreement
Support simultaneous configuration of Rel-16 Type 3 HARQ-ACK codebook or enhanced Type 3 HARQ-ACK codebook triggering and SPS HARQ-ACK deferral.
· In case a R16 Type 3 HARQ-ACK CB or an enhanced Type 3 HARQ-ACK codebook is triggered for transmission in a PUCCH slot, the UE stops the deferral procedure of pending SPS HARQ-ACK in that PUCCH slot and that PUCCH slot is not considered as a potential target slot for SPS HARQ-ACK deferral anymore.

Agreement
The one-shot HARQ re-transmission on PUCCH is configured per PUCCH cell group (i.e., separately configurable for primary and secondary PUCCH cell group).

Agreement
Apply a 1-bit triggering DCI field for triggering indication of one-shot HARQ re-transmission on PUCCH. 
· The triggering DCI with the triggering bit set to ‘1’ is not able to schedule PDSCH. 
· Some unused bit field in the DCI is used to indicate the HARQ slot offset. 
· FFS: if the ‘one-shot HARQ-ACK request’ field can be reused
· FFS: which unused DCI field in the DCI is used for HARQ slot offset indication
· FFS: The indication of whether the PDSCH is not scheduled will reuse Rel-16 type-3 HARQ ACK CB UE behavior

Agreement
For one-shot triggering of HARQ re-transmission, introduce a new 1-bit DCI field in DCI format 1_1 and in DCI format 1_2 (if DCI format 1_2 is configured with one-shot triggering of HARQ-ACK re-transmission).

Agreement
For one-shot HARQ re-transmission on PUCCH, the ‘HARQ re-tx offset’ is determined as Alt. 1: n = m - HARQ_retx_offset

Working Assumption 
For one-shot triggering of HARQ re-transmission, 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
· Re-transmission triggering does not change processing for the initial PUCCH transmission (i.e., HARQ multiplexing / dropping / transmission)
· 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. 
· The support for the triggering before the initial PUCCH transmission slot is subject to separate UE capability indication

Agreement
For one-shot HARQ-ACK re-transmission, the value range for HARQ re-tx offset is fixed in the specification

Conclusion
There is no consensus to support the simultaneous configuration of one-shot HARQ-ACK re-transmission and dynamic PUCCH cell switching in Rel-17. 

Agreement
Support simultaneous configuration of one-shot HARQ-ACK re-transmission and semi-static PUCCH cell switching:
· the ‘backward HARQ-ACK slot-offset’ is interpreted with the granularity of a PUCCH slot of the respective PHY priority of PCell /PSCell / PUCCH SCell

Conclusion
There is no consensus to support the simultaneous configuration of the Rel-16 Type 3 HARQ-ACK CB and Rel-17 one-shot re-tx HARQ triggering for a UE in Rel-17. 

Conclusion
There is no consensus to support the simultaneous configuration of the Rel-17 Enhanced Type 3 HARQ-ACK CB and Rel-17 one-shot HARQ re-tx triggering for a UE in Rel-17. 

PUCCH repetition enhancements:
Agreement
Confirm the following RAN1 working assumption from RAN1#106bis-e with the additional agreement on UE capability (in RED): 
	· (Working Assumption) Support inter-subslot Frequency Hopping for PUCCH repetition operation of PUCCH Format 0 and Format 2 for 2OS slot-based PUCCH configurations. 
· The UE applies the inter-subslot FH operation from sub-slot to sub-slot, if configured with inter-slotFrequencyHopping in the respective PUCCH_config.


· Support single UE capability indication of inter-subslot FH for PUCCH repetition operation.

Sub-slot based Type-1 codebook:
None.

PUCCH carrier switching for HARQ-ACK:
Agreement
For PUCCH cell switching and a PUCCH transmission on the alternative PUCCH cell, the alternative PUCCH cell is used to derive the downlink pathloss estimate PLb,f,c(qd), i.e., replace in the main bullet of the PLb,f,c(qd) determination in Sec. 7.2.1 of 38.213 the ‘primary cell’ with ‘cell for PUCCH transmission’ 

Conclusion
For PUCCH cell switching DCI field size alignment is done by:
· For dynamic PUCCH cell switching, the bit width of the PDSCH-to-HARQ_feedback timing indicator in DCI format 1_1 and 1_2 is determined by the largest K1 set among the K1 sets of all candidate PUCCH cells for PUCCH cell switching based on dynamic indication
· i.e., a number of most significant bits with value set to '0' are inserted to smaller field until the bit width of the field for all the PUCCH cells are the same
· Note: for semi-static PUCCH cell switching only the K1 set of PCell is needed
· For semi-static and dynamic PUCCH cell switching, the bit width of the PRI field in DCI format 1_2 is determined by the largest value of numberOfBitsForPUCCH-ResourceIndicatorDCI-1-2 of all PUCCH cells 
· i.e., a number of most significant bits with value set to '0' are inserted to smaller field until the bit width of the field for all the PUCCH cells are the same
· FFS: If similar handling is applied for ChannelAccess-CPext DCI field (0 or 2 bit)

Conclusion
For dynamic PUCCH cell switching, the UE does not expect a PUCCH slot with UCI on PCell /SPCell / PUCCH SCell to overlap with a PUCCH slot with HARQ-ACK on the dynamically indicated alternative PUCCH 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.

Agreement
The time-domain pattern for semi-static PUCCH cell switching is separately configurable for the primary and secondary PUCCH cell group.

Agreement
The time-domain pattern for semi-static PUCCH cell switching is based on the reference SCS configuration provided by tdd-UL-DL-ConfigurationCommon and is common to every configured UL BWP (of PCell / SPCell / PUCCH SCell).

Agreement
For PUCCH cell 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),  adopt Alt 1, i.e., the first target PUCCH slot overlapping with the PCell slot is used for UCI transmission.

Agreement
For PUCCH cell switching based on semi-static operation, adopt Alt. 4, i.e., 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.

Agreement
For semi-static PUCCH cell switching, if the alternative PUCCH cell (i.e. PUCCH sCell) is deactivated or the alternative PUCCH Cell is dormant, the UE does not apply time-domain pattern and the UCI is to be transmitted on PCell / SPCell / PUCCH SCell.

Conclusion
There is no consensus to support simultaneous configuration of semi-static PUCCH cell switching and dynamic PUCCH cell switching in Rel-17.
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