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In RAN1 #106e, short PUCCH repetition was discussed and the following agreement was made [1]:
Agreement
Support slot-based PUCCH repetition for PUCCH Format 0 and Format 2 also for single TRP operation. 
· The support is subject to independent UE capability indication 
In addition, in RAN1 #104b-e and RAN1 #106b-e, sub-slot based Type-1 HARQ-ACK codebook was supported and the following agreements were made [2][3]:
Agreement: Support Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration in Rel-17.
· The properties of the Type-1 HARQ-ACK codebook for sub-slot PUCCH at least includes that a PDSCH TDRA is associated with a UL /PUCCH sub-slot if the end of the PDSCH overlaps with the associated sub-slot determined by a k1 in the set of sub-slot timing values K1. 
· FFS: whether the PDSCH TDRA grouping is performed per DL slot or sub-slot
· Decide between PDSCH TDRA grouping per DL slot and sub-slot during RAN1#105-e 
Agreement
For Type-1 HARQ-ACK codebook for sub-slot based PUCCH configuration in Rel-17, the TDRA pruning/grouping is performed per DL slot after TDRA determination per sub-slot.
· Strive to minimize the impact on relevant pseudo-code
In this contribution, we further discuss the remaining issues on PUCCH repetition enhancements and Type-1 HARQ-ACK codebook construction for sub-slot based PUCCH configuration.
Discussion
1. 
2. 
2.1. PUCCH repetition enhancements
Based on the following specification text in TS 38.213[4], it can be understood that for resolving collision of overlapping PUCCHs of same priority, UE first resolve collision of PUCCHs with repetitions and after that, UE resolves collision of PUCCHs without repetitions. When handling collision of overlapping PUCCHs with repetitions, UE would regard the PUCCH with repetitions as the “first PUCCH” and other PUCCH(s) overlapping with the “first PUCCH” can be classified as “at least a second PUCCH”.
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This clause is applicable to the case that a UE has resources for PUCCH transmissions or for PUCCH and PUSCH transmissions that overlap in time and each PUCCH transmission is over a single slot without repetitions. Any case that a PUCCH transmission is with repetitions over multiple slots is described in clause 9.2.6.
……
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A UE does not multiplex different UCI types in a PUCCH transmission with repetitions over  slots. If a UE would transmit a first PUCCH over more than one slot and at least a second PUCCH over one or more slots, and the transmissions of the first PUCCH and the second PUCCH would overlap in a number of slots then, for each slot of the number of slots and with UCI type priority of HARQ-ACK > SR > CSI with higher priority > CSI with lower priority
-	the UE does not expect the first PUCCH and any of the second PUCCHs to start at a same slot and include a UCI type with same priority 
-	if the first PUCCH and any of the second PUCCHs include a UCI type with same priority, the UE transmits the PUCCH starting at an earlier slot and does not transmit the PUCCH starting at a later slot
-	if the first PUCCH and any of the second PUCCHs do not include a UCI type with same priority, the UE transmits the PUCCH that includes the UCI type with higher priority and does not transmit the PUCCH that include the UCI type with lower priority 


However, the current specification works well when there is only one PUCCH with repetitions. There exists ambiguity if there are more than one PUCCHs with repetitions in a slot. Take case 1 in Figure 1 as an example, there are 3 PUCCHs in a slot, CSI and A/N are with repetitions while SR is without repetitions, we see two possible interpretations of UE behavior in the slot:
· Interpretation 1: If UE firstly regards CSI with repetitions as the “first PUCCH”, then SR would be the “at least a second PUCCH”, since the UCI type priority is SR>CSI, then CSI is dropped. After that, UE then regards A/N with repetitions as the “first PUCCH”, then SR would be the “at least a second PUCCH”, SR is dropped. Finally, UE would only transmit A/N;
· Interpretation 2: If UE firstly regards A/N with repetitions as the “first PUCCH”, then SR would be the “at least a second PUCCH”, SR is dropped. After that, there is no collision between CSI with repetitions and A/N with repetitions, so both CSI and A/N would be transmitted by UE.
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Figure 1: Examples of overlapping PUCCHs with repetitions in a slot
The ambiguity in case 1 exists only in Rel-17, this is because in Rel-15/16 if UE transmit two PUCCHs in a slot, one of the two PUCCHs must be PUCCH format 0/2 and PUCCH format 0/2 repetition is not supported until Rel-17. However, the ambiguity in case 2 exists in both Rel-17 and before, especially when multiple SPS configurations with short SPS periodicity is supported, as discussed in our companion document [5].
Proposal 1: RAN1 to clarify the intended UE behavior for resolving collision of PUCCHs with repetitions in a slot with more than one PUCCH with repetitions.
2.2. Sub-slot based Type-1 HARQ-ACK codebook
In R17 URLLC, sub-slot based Type-1 HARQ-ACK codebook is supported to drop invalid information for more reliable and effective HARQ-ACK transmissions. However, we still see some redundancy for construction of sub-slot based Type-1 HARQ-ACK codebook as analyzed below.
According to TS 38.213[4], if subslotLengthForPUCCH is provided, then every   in will go through into the pseudo-code. Moreover, for each DL slot, only if end of the PDSCH time resource for row  is not within any UL slot ,  the row r is excluded. That means, if a DL slot overlapping with multiple UL sub-slot (each UL sub-slot corresponds one ), repeated candidate PDSCH reception occasions will be produced for the DL slot. Take Figure 2 as an example, assume K1 set = {1,2,3,4} and sub-slot length = 7 symbol, UL sub-slot 8 is the sub-slot for HARQ codebook transmission. Then according to the conditions for entering the pseudo-code, each k1 can go through into it. k1=1 corresponds to DL slot 3, since DL slot 3 overlaps with UL sub-slot 7, similarly, k1=2 corresponds to DL slot 3 too since DL slot 3 overlaps with UL sub-slot 6. Obviously, UE would enter the pseudo-code twice for DL slot 3, as a result, the corresponding candidate PDSCH reception occasions are produced twice. The same happens to DL slot 2 (k1=3 and k1=4). Assume A/N 1~A/N 4 are the HARQ-ACK bits of PDSCH 1~PDSCH 4, the final Type-1 HARQ codebook in UL sub-slot 8 will include 8 bits, that is {A/N3, A/N4, A/N3, A/N4, A/N1, A/N2, A/N1, A/N2}, leading to doubled codebook size.


Figure 2: Redundancy in sub-slot based Type-1 HARQ codebook
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Set  - index of occasion for candidate PDSCH reception or SPS PDSCH release or TCI state update
Set 
Set 
Set  to the cardinality of set 
Set  – index of slot timing values , in descending order of the slot timing values, in set  for serving cell 
while  
if  or subslotLengthForPUCCH is provided for the HARQ-ACK codebook
Set  – index of a DL slot overlapping with an UL slot
Set  to a number of DL slots overlapping with UL slot  if subslotLengthForPUCCH is provided for the HARQ-ACK codebook; otherwise, 
while  
Set  to the set of rows
Set  to the cardinality of 
Set  – index of row in set 
if slot  starts at a same time as or after a slot for an active DL BWP change on serving cell  or an active UL BWP change on the PCell and slot  is before the slot for the active DL BWP change on serving cell  or the active UL BWP change on the PCell, or subslotLengthForPUCCH is provided for the HARQ-ACK codebook and slot  overlaps with UL slot , , where  is a DL slot with a smallest index among DL slots overlapping with UL slot , 
; 
else 
while 
if the UE is not provided enableTimeDomainHARQ-Bundling and is provided tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated and, for each slot from slot  to slot , at least one symbol of the PDSCH time resource derived by row  is configured as UL where  is the k-th slot timing value in set , where  is a DL slot with a smallest index among DL slots overlapping with UL slot , or subslotLengthForPUCCH is provided for the HARQ-ACK codebook and the end of the PDSCH time resource for row  is not within any UL slot , or if PDSCH-TimeDomainResourceAllocationListForMultiPDSCH is provided and HARQ-ACK information for PDSCH time resource derived by row  in slot  cannot be provided in slot 
;
……


Proposal 2: RAN1 to solve the redundancy for construction of sub-slot based Type-1 HARQ-ACK codebook.
1. 
2. 
Conclusion
In this contribution, we further discuss the remaining issues on PUCCH repetition enhancements and sub-slot based Type-1 HARQ codebook, the following proposals are made:
Proposal 1: RAN1 to clarify the intended UE behavior for resolving collision of PUCCHs with repetitions in a slot with more than one PUCCH with repetitions.
[bookmark: _GoBack]Proposal 2: RAN1 to solve the redundancy for construction of sub-slot based Type-1 HARQ-ACK codebook.
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