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Introduction
This contribution discusses maintenance issues for HARQ-ACK reporting enhancements. 

Discussion
HARQ-ACK reporting enhancements for Rel-17 URLLC are largely complete and a few pending issues relate to PUCCH cell switching and various maintenance issues [1].

1 
2 
PUCCH cell switching for PUCCH repetitions
Support of PUCCH cell switching for PUCCH repetitions has been discussed for several meetings. A recurring proposal has been to not support PUCCH cell switching for PUCCH repetitions but instead have the repetitions transmitted only on the PUCCH-sSCell (in addition to only on the PCell as in Rel-16). However, PUCCH cell switching is for reducing latency. Moving all PUCCH repetitions from a lower frequency band to a higher frequency band does not make sense as it would actually increase latency (and the same holds for UE power consumption and PUCCH overhead). 

Observation 1: Having a coverage limited UE transmit all PUCCH repetitions on the PUCCH-sSCell is detrimental in terms or latency, UE power consumption, and spectral efficiency. Rel-16 operation is always superior.  

For a PUCCH transmission with repetitions, a UE can follow the PUCCH cell switching pattern and perform identical procedures as for a PUCCH transmission without repetitions. Given that use of a cell switching pattern is already specified, the required additional specification support is minimal – e.g. that a same PUCCH resource index is used on both cells. A number of other issues/design restrictions have been raised but none of them requires specification support.

A first issue that was suggested for specification is to require that the PUCCH resources on the PCell and on the PUCCH-sSCell have same number of symbols/RBs (or, in general, same number of REs). However, the configuration of PUCCH resources is a gNB implementation issue (UE does not care, even in case of polar coding). Such restriction is also unnecessary when the number of bits is less than 12 which would be typical for a UE with large enough coverage limitation to require PUCCH repetitions. There is also no impact on UE complexity as UE procedures (e.g. rate matching) do not change compared to when successive PUCCH transmissions are without repetitions. 

Observation 2: Whether or not PUCCH resources on PCell and PUCCH-sSCell have same number of REs for repetitions is a gNB implementation issue. There is no additional UE complexity to transmit repetitions over a different number of REs on the PCell and the PUCCH-sSCell. 

Another issue that was suggested as requiring specification support is a possible different counting of the slots/repetitions compared to the case of no PUCCH cell switching. That is also unnecessary. A gNB knows the periodic PUCCH cell switching pattern and, for a total indicated/configured number of repetitions, knows the portion of repetitions on the PCell and on the PUCCH-sSCell (and, in practice, that is largely independent of the cell used for the first PUCCH repetition). The gNB also knows the pathloss/coverage difference for the PCell and the PUCCH-sSCell and can use it to determine the total number of repetitions in order to get the required SINR after combining. Note that even if the PCell and the PUCCH-sSCell have same SCS and PUCCH resources with same number of REs for PUCCH repetitions, a repetition on the PCell is “better” than a repetition on the PUCCH-sSCell (due to smaller pathloss). It makes no difference if repetitions are counted with reference to any particular cell (e.g. converted as if they occurred on the PCell) because it is not possible to determine equivalence between numbers of repetitions on the PCell and the PUCCH-sSCell without considering the pathloss difference (i.e. it is not enough to consider only the SCS or the number of symbols/RBs/REs).

Observation 3: Counting slots/repetitions in case of PUCCH cell switching can be as in Rel-16. 

Another issue that was suggested for possible specification support is that PUCCH repetitions should occur on multiple slots on the PUCCH-sSCell that overlap with a slot on the PCell (when applicable) in order to maximize latency reduction. However, that functionality is enabled by current specifications because a UE sequentially determines slots for PUCCH repetitions based on the cell switching pattern (and does not relate to the agreement for using the first available slot which considered a PUCCH transmission without repetitions). Based on current specifications, when the cell switching pattern indicates the PUCCH-sSCell, the UE will transmit PUCCH repetitions (when possible) on multiple slots on the PUCCH-sSCell that overlap with a slot of the PCell.

Observation 4: Supporting PUCCH cell switching for PUCCH repetitions requires only to define a PUCCH resource index on both cells (e.g. same index).  

A gNB needs to combine the PUCCH repetitions on the PCell and the PUCCH-sSCell (e.g. once, after individual repetitions are separately combined on the PCell and on the PUCCH-SCell). That may not be possible for all gNB implementations but, given the typically co-located deployments for CA, it is a much simpler version of UL CoMP. In any case, it is a gNB implementation issue to configure PUCCH cell switching to a UE that requires repetitions for a PUCCH transmission.

Proposal 1: A PUCCH transmission with repetitions follows the PUCCH cell switching pattern using a same PUCCH resource index on the PCell and the PUCCH-sSCell. 

	[bookmark: _Toc99993808]9.A	PUCCH cell switching
This clause is applicable when a UE is provided a PUCCH-sSCell by pucch-sSCell and the PUCCH-sSCell is activated and does not have a dormant UL/DL active BWP. 
A UE can be provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern. Each bit of the pattern corresponds to a slot for a reference SCS configuration provided by tdd-UL-DL-ConfigurationCommon for the PCell with a value of '0' or a value of '1' indicating, respectively, the PCell or the PUCCH-sSCell as the cell for PUCCH transmissions during the slot of the reference SCS configuration. A slot on the active UL BWP of the PUCCH-sSCell does not overlap with more than one slot on the active UL BWP of the PCcell. If a slot for the active UL BWP of the PCell overlaps with more than one slot on the active BWP of the PUCCH-sSCell and the UE would transmit a PUCCH without repetitions on the PUCCH-sSCell, the UE considers the first of the overlapping slots for the PUCCH transmission on the PUCCH-sSCell. If the UE would transmit a PUCCH with repetitions, the UE procedures in clause 9.2.6 are applicable per cell for a PUCCH resource with same index on the PCell and on the PUCCH-sSCell where the UE determines the PUCCH resource as described in clause 9.2.1 based on the first repetition of the PUCCH transmission. 
If a UE is provided pucch-sSCellDyn or pucch-sSCellDynDCI-1-2, a corresponding DCI format associated with generation of HARQ-ACK information by the UE can include a PUCCH cell indicator field [5, TS 38.212] with a value of '0' or a value of '1' indicating, respectively, whether a PUCCH transmission with the HARQ-ACK information by the UE is on the PCcell or on the PUCCH-sSCell.
...




PUCCH cell switching for HARQ-ACK of SPS PDSCH
Another pending issue is the cell of PUCCH transmissions with HARQ-ACK for the first SPS PDSCH reception and for subsequent SPS PDSCH receptions after activation for a given SPS configuration. 

A first option is for the indication by a DCI format (activating SPS PDSCH receptions for a SPS configuration) for a cell of PUCCH transmissions with HARQ-ACK in response to the SPS PDSCH receptions to be valid only for the first SPS PDSCH reception, and for all subsequent PUCCH transmissions with HARQ-ACK for subsequent SPS PDSCH receptions to be on the PCell. A second option is to have the indication by the DCI format for the cell of the PUCCH transmission apply to all SPS PDSCH receptions for the SPS configuration. 

The above two options are according to the agreement that a DCI format activating SPS PDSCH receptions can indicate either the PCell or the PUCCH-sSCell for a PUCCH transmission with associated HARQ-ACK. A third option that would revert that agreement is for all PUCCH transmissions to be on the PCell (as when PUCCH cell switching is not supported).

For the first option there cannot be a PUCCH in an overlapping slot on the PCell. That is generally OK as a reason for indicating the PUCCH-sSCell is that a PUCCH transmission is not possible on the PCell. However, it is complex for a NW to ensure valid PUCCH resources on the PCell for PUCCH transmissions with HARQ-ACK for subsequent SPS PDSCHs because the HARQ-ACK timing is same for all SPS PDSCHs. For example, for the DDDDU configuration, a DCI can activate SPS PDSCH receptions to occur on the third slot and indicate a respective HARQ-ACK report to be provided on the fifth slot. That would work fine if the PUCCH transmissions are only on the PCell or only on the PUCCH-sSCell but would not be practically possible without dropping PUCCHs if the HARQ-ACK timing indicates the PUCCH-sSCell for a first PUCCH (with HARQ-ACK for the first SPS PDSCH) of a SPS configuration while the PCell is used for all other PUCCHs (with HARQ-ACK for all other SPS PDSCHs for the SPS configuration). In case of different SCS on the PCell and on the PUCCH-sSCell, the HARQ-ACK timing will also need to be defined for the PCell (when the DCI format indicates it for the PUCCH-sSCell). In general, there is no functional benefit from the first option and will only result to deployment problems for SPS PDSCH and to some additional specification impact.

The second option is same as for Rel-16 with the exception that the cell for all PUCCH transmissions with HARQ-ACK for SPS PDSCHs of a SPS configuration is indicated by the DCI format activating the SPS PDSCH receptions. That can offer a small benefit in terms of latency as the cell that has an earlier slot for PUCCH transmission can be indicated. The third option is to not support PUCCH cell switching for PUCCH transmissions with HARQ-ACK in response to SPS PDSCHs. As the overall issue is of marginal importance, either option 2 or option 3 are OK since they do not have an impact on the network operation and maintain HARQ-ACK reporting for SPS PDSCHs as in Rel-16. 
 
Proposal 2: For DCI-based PUCCH cell switching and for PUCCH transmissions with HARQ-ACK for SPS PDSCH receptions of a SPS configuration, select one of:
a) all PUCCH transmissions are on the cell indicated by the DCI format activating the SPS PDSCH receptions
b) DCI-based PUCCH cell switching for PUCCH transmissions with HARQ-ACK for SPS PDSCH receptions is not supported


Various maintenance issues
In [2], it was identified that the current pseudo-code for the Rel-17 Type-3 HARQ-ACK codebook generation runs sequentially over cells indexes and over numbers of HARQ processes while the cell indexes or the numbers of HARQ processes that are applicable are provided by RRC (and indicated by the DCI format) and may not be sequential. That is a trivial issue to solve by having the pseudo-code run sequentially over the set of cells indexes, or over the set of HARQ processes, that is provided by RRC (and indicated by the DCI format). The required change is to replace “number” by “size of a set” and have the pseudo-code run over elements of the set.  

	[bookmark: _Toc29894846][bookmark: _Toc29899145][bookmark: _Toc29899563][bookmark: _Toc29917300][bookmark: _Toc36498174][bookmark: _Toc45699200][bookmark: _Toc92093842]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 size of a set of indicated serving cells  and a numbersize of a set of indicated numbers of HARQ processes  for each indicated serving cell  and each indicated HARQ process number 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 size of the set 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 in the set of serving cells
Set  – HARQ process number index in the set of numbers of HARQ processes
Set  – TB index
Set  – CBG index
Set 
while  
…



For PUCCH cell switching, TS 38.213 v17.1.0 captures that “the UE considers the first of the overlapping slots for the PUCCH transmission on the PUCCH-sSCell”. That is ambiguous in the sense that the UE can consider the first of the overlapping slots and end up not transmitting the PUCCH because that slot happens to be a DL one (or, in general, the PUCCH resource happens to include DL symbols). The agreement from RAN1#107 also has a similar ambiguity. 
 
	Agreement
[bookmark: _Hlk88403103]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.



Based on the RAN1 discussions, the intention was for the UE to select a slot where the UE can actually transmit the PUCCH (and the first such slot is selected in order to minimize latency without introducing additional specification support). It is proposed to clarify the text in 9.A as below.

	[bookmark: _Toc92093832]9.A	PUCCH cell switching
This clause is applicable when a UE is provided a PUCCH-sSCell by pucch-sSCell and the PUCCH-sSCell is activated and does not have a dormant UL/DL active BWP. 
A UE can be provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern. Each bit of the pattern corresponds to a slot for a reference SCS configuration provided by tdd-UL-DL-ConfigurationCommon for the PCell with a value of '0' or a value of '1' indicating, respectively, the PCell or the PUCCH-sSCell as the cell for PUCCH transmissions during the slot of the reference SCS configuration. A slot on the active UL BWP of the PUCCH-sSCell does not overlap with more than one slot on the active UL BWP of the PCell. If a slot for the active UL BWP of the PCell overlaps with more than one slot on the active BWP of the PUCCH-sSCell and the UE would transmit a PUCCH on the PUCCH-sSCell, the UE considers the first of the overlapping slots where the UE can transmit the PUCCH for the PUCCH transmission on the PUCCH-sSCell.




For HARQ-ACK codebook retransmission, the case that a UE 
-	is not provided coresetPoolIndex or is provided coresetPoolIndex with a value of 0 for first CORESETs on active DL BWPs of serving cells, and
-	is provided coresetPoolIndex with a value of 1 for second CORESETs on active DL BWPs of the serving cells, and
-	is provided ackNackFeedbackMode = separate
was discussed in RAN1#108-e without conclusion (i.e. the M-TRP/M-DCI operation). It is trivial to include support for HARQ-ACK codebook retransmission per PUCCH for the two separate PUCCHs associated with the different values of coresetPoolIndex and follows as a direct consequence of HARQ-ACK codebook retransmission - a TP is provided below. 

	9.1.5	HARQ-ACK codebook retransmission 
With reference to slots of PUCCH transmissions on the primary cell and for Type-1 or Type-2 HARQ-ACK codebooks, a UE that transmitted or would transmit a PUCCH or a PUSCH with a first HARQ-ACK codebook in slot  can be indicated by a DCI format with CRC scrambled by a C-RNTI or a MCS-C-RNTI that does not schedule a PDSCH reception [4, TS 38.212] and is received in a PDCCH ending in slot , to transmit a PUCCH with the first HARQ-ACK codebook in slot , where slot  is after slot . The UE determines  and a resource for the PUCCH transmission as described in clauses 9.2.3 and 9.2.5. If the UE is provided a periodic cell switching pattern for PUCCH transmissions by pucch-sSCellPattern, the UE further determines a corresponding cell based on the periodic cell switching pattern as described in clause 9.A.
If the pdsch-HARQ-ACK-retx or pdsch-HARQ-ACK-retxDCI-1-2 field value in the DCI format 1_1 or 1_2, respectively, is ‘1’, the UE determines slot  as  where  is determined by a one-to-one mapping in ascending order among the values of the MCS field in the DCI format 1_1 or 1_2 and the values from -7 to 24.
If the DCI format 1_1 or 1_2 includes a priority indicator field having a value, a priority value of first HARQ-ACK information in the first HARQ-ACK codebook is same as the value of the priority indicator field; otherwise, the priority value of the first HARQ-ACK information is zero.
If a UE
-	is not provided coresetPoolIndex or is provided coresetPoolIndex with a value of 0 for first CORESETs on active DL BWPs of serving cells, and
-	is provided coresetPoolIndex with a value of 1 for second CORESETs on active DL BWPs of the serving cells, and
-	is provided ackNackFeedbackMode = separate
the first HARQ-ACK codebook is associated with the first CORESETs or with the second CORESETs, as described in clause 9, when the UE receives the PDCCH providing the DCI format in a CORESET from the first CORESETs or from the second CORESETs, respectively. 
If the UE would also multiplex in the PUCCH transmission in slot  a second HARQ-ACK codebook with second HARQ-ACK information of same priority value as for the first HARQ-ACK information in the first HARQ-ACK codebook, the UE appends the first HARQ-ACK codebook to the second HARQ-ACK codebook. The UE determines to multiplex the second HARQ-ACK information in the PUCCH transmission in slot  as described in clause 9.2.3.



Proposal 3: Adopt the 3 TPs in section 2.3. 


Conclusions
This contribution considered remaining issues on the maintenance of HARQ-ACK feedback enhancements and proposes the following. 

Proposal 1: A PUCCH transmission with repetitions follows the PUCCH cell switching pattern using a same PUCCH resource index on the PCell and the PUCCH-sSCell. 

Proposal 2: For DCI-based PUCCH cell switching and for PUCCH transmissions with HARQ-ACK for SPS PDSCH receptions of a SPS configuration, select one of:
a) all PUCCH transmissions are on the cell indicated by the DCI format activating the SPS PDSCH receptions
b) DCI-based PUCCH cell switching for PUCCH transmissions with HARQ-ACK for SPS PDSCH receptions is not supported

Proposal 3: Adopt the 3 TPs in section 2.3. 

In addition, the following observations are made.

Observation 1: Having a coverage limited UE transmit all PUCCH repetitions on the PUCCH-sSCell is detrimental in terms or latency, UE power consumption, and spectral efficiency. Rel-16 operation is always superior.  

Observation 2: Whether or not PUCCH resources on PCell and PUCCH-sSCell have same number of REs for repetitions is a gNB implementation issue. There is no additional UE complexity to transmit repetitions over a different number of REs on the PCell and the PUCCH-sSCell. 

Observation 3: Counting slots/repetitions in case of PUCCH cell switching can be as in Rel-16. 

Observation 4: Supporting PUCCH cell switching for PUCCH repetitions requires only to define a PUCCH resource index on both cells (e.g. same index).  
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