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1 Introduction
This contribution addresses several remaining issues related to HARQ-ACK transmission as follows:
· Issue #1: PUCCH slot determination and its impact on semi-static HARQ-ACK codebook (PUCCH over multiple slots)
· Issue #2: PDSCH slot indication and its impact on semi-static HARQ-ACK codebook (PDSCH over multiple slots)
· Issue #3: PDSCH overlapping by different K1 values (PDSCH over multiple slots) 
· Issue #4: HARQ-ACK timing indication in case that slot boundary is not aligned (Extended CP)
2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Corrections on Semi-Static HARQ-ACK Codebook
[bookmark: OLE_LINK69]Issue #1: PUCCH slot determination and its impact on semi-static HARQ-ACK codebook


[bookmark: _GoBack]If a UE is configured to transmit PUCCH over slots, the UE determines  slots as described in 9.2.6 in TS38.213 [1]. 
	
If a UE is provided TDD-UL-DL-ConfigurationCommon, or is additionally provided TDD-UL-DL-ConfigDedicated, as described in Subclause 11.1, the UE determines the  slots for a PUCCH transmission starting from a slot indicated to the UE as described in Subclause 9.2.3 and having
-	an UL symbol or flexible symbol provided by startingSymbolIndex in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4 as a first symbol, and
-	consecutive UL symbols or flexible symbols, starting from the first symbol, equal to or larger than a number of symbols provided by nrofsymbols in PUCCH-format1, or in PUCCH-format3, or in PUCCH-format4




There is an ambiguity on whether a slot indicated to the UE by PDSCH-to-HARQ-ACK-timing field always meets the above condition to determine the  slots. When the slot indicated to the UE by the PDSCH-HARQ-ACK timing field does not satisfy the conditions, the UE can determine slots after the indicated slot for the PUCCH transmission as described above. In that case, the UE procedure in Rel.15 would cause a problem of the construction rules in the semi-static HARQ-ACK codebook.

[image: ]
Figure 1. PUCCH over multiple slots

Figure 1 shows a problem when a slot indicated to the UE by PDSCH-to-HARQ-ACK-timing field violates the above conditions. Here, ‘Slot (n+3)’ denotes a slot that violates the conditions for PUCCH over multiple slots, and ‘Slot (n+4) & Slot (n+5)’ indicate slots satisfying the PUCCH conditions. Assume a set of PDSCH-to-HARQ-ACK-timing is configured as {1,2,3}. If a PDSCH reception can be scheduled in slot n with PDSCH-to-HARQ-ACK-timing=3, the UE determines slot n+4 and slot n+5 for a PUCCH transmission with 2 times repetition. In other words, the PDSCH reception with PDSCH-to-HARQ-ACK-timing=3 can be considered as the PDSCH reception with PDSCH-to-HARQ-ACK-timing=4. PDSCH-to-HARQ-ACK-timing=4 is not configured to the set of PDSCH-to-HARQ-ACK-timing so that the semi-static HARQ-ACK codebook cannot accommodate HARQ-ACK information for this PDSCH reception in slot n. To add HARQ-ACK information for this PDSCH reception has large specification impact on the semi-static HARQ-ACK codebook. Since gNB can be avoid this problem by configuring more PDSCH-to-HARQ-ACK-timing values so that we propose: 
· Proposal 1: In case that a UE is configured to transmit PUCCH over multiple slots, the UE does not expect that one or more symbol(s) indicated by the PUCCH resource indicator field in a slot indicated by PDSCH-to-HARQ-timing field is(are) overlapped with a DL symbol configured by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated.

Issue #2: PDSCH slot indication and its impact on semi-static HARQ-ACK codebook
The same principle as those in PUCCH over multiple slots can be adopted in the PDSCH over multiple slots for consistency.
· Proposal 2: In case that a UE is configured to receive PDSCH over multiple slots, the UE does not expect that one or more symbol(s) of the PDSCH reception in a slot indicated by the Time domain resource assignment field is (are) overlapped with a UL symbol configured by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated.



In the following description in section 9.1.2.1 of TS38.213 [1], a UE checks whether the time domain resource allocation of a PDSCH candidate for each slot among  slots is valid or not. If at least one slot of  slots for the time domain resource allocation of a PDSCH candidate is valid (i.e., all symbols are not overlapped with UL symbol), then the PDSCH candidate is included in DL association set to generate a semi-static HARQ-ACK codebook. 
	…





if the UE is provided TDD-UL-DL-ConfigurationCommon  or TDD-UL-DL-ConfigDedicated 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 ,

;
end if
…




According to the above description, the semi-static HARQ-ACK codebook reserves a HARQ-ACK information bit for a PDSCH candidate where a slot indicated by the Time domain resource assignment field is invalid (i.e. at least one symbol is overlapped with DL symbol). Since gNB can configure 16 PDSCH time domain allocation, such an indication can be avoided by gNB implementation. Thus, rather than checking all  slots, it would be better to check the first slot of  slots, which not only reduces UE complexity but also minimizes the size of the semi-static HARQ-ACK codebook. So, we propose the following text proposal. 
· Proposal 3: Adopt the following text proposal for the section 9.1.2.1 of TS 38.213
	…





if the UE is provided TDD-UL-DL-ConfigurationCommon  or TDD-UL-DL-ConfigDedicated 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 , 

;
end if
…



Issue #3: Check PDSCH overlapping by different K1 values 
There are two pseudo-codes in section 9.1.2.1 of TS38.213 [1] to construct a semi-static HARQ-ACK codebook. The purpose of the first pseudo-code is to identify a set of indices of occasion for candidate PDSCH reception or SPS PDSCH release associated with row r, denoted by br,k=j and the purpose of the second pseudo-code is to generate HARQ-ACK information according to the value of br,k=j. Since a UE does not expect to receive more than one PDSCH in a symbol, the overlapped PDSCH candidates have the same value of br,k=j in order not to reserve unnecessary bits in the semi-static HARQ-ACK codebook.
[image: ]
Figure 2. PDSCH over multiple slots

In case of PDSCH over multiple slots, in the first pseudo-code in section 9.1.2.1, whether PDSCH candidates are overlapped or not is checked in a slot for a given K1,k value, not all K1,k values. As shown in Figure 2, if a UE is configured to receive PDSCH over two slots, there is a possibility that two PDSCH candidates (blue one and green one) with associated two different K1,k values are overlapped in the same slot (e.g., the second repetition of PDSCH candidate 1 (PDSCH1 Rep#2) and the first repetition of PDSCH candidate 2 (PDSCH2 Rep#1) are overlapped in slot n-3). Based on the first pseudo-code in section 9.1.2.1, two PDSCH candidates are associated to different values of br,k so that two HARQ-ACK information bits are reserved in the semi-static HARQ-ACK codebook. Since there is no UE capability to receive two PDSCHs in a serving cell at the same time, one of HARQ-ACK information bit is unnecessary. Thus, it is necessary to check whether the PDSCH candidates are overlapped or not in a slot over all K1,k values.
· [bookmark: _Hlk528951987]Proposal 4: In case that a UE is configured to receive PDSCH over multiple slots, revise the first pseudo-code in section 9.1.2.1 of TS38.213 to check whether the PDSCH candidates are overlapped or not in slot over all K1,k values.

3 Correction on HARQ-ACK Timing Indication
Issue #4: HARQ-ACK timing indication in case that slot boundary is not aligned
The following description in section 9.2.3 of TS38.213 [1] is to determine a reference PUCCH slot corresponding to zero PDSCH-to-HARQ-timing value (k=0), depending on the SCS(s) between PDSCH and PUCCH. 
	





With reference to slots for PUCCH transmissions, if the UE detects a DCI format 1_0 or a DCI format 1_1 scheduling a PDSCH reception ending in slot  or if the UE detects a DCI format 1_0 indicating a SPS PDSCH release through a PDCCH reception ending in slot , the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ-timing-indicator field in the DCI format, if present, or provided by dl-DataToUL-ACK. If the PDSCH SCS is equal to or larger than the PUCCH SCS or, in case of SPS PDSCH release if the PDCCH SCS is equal to or larger than the PUCCH SCS, corresponds to the slot of the PUCCH transmission that overlaps with the slot of the PDSCH reception or of the PDCCH reception in case of SPS PDSCH release. If the PDSCH SCS is smaller than the PUCCH SCS or, in case of SPS PDSCH release if the PDCCH SCS is smaller than the PUCCH SCS,  corresponds to the slot of the PUCCH transmission that ends at a same time as the slot of the PDSCH reception or of the PDCCH reception in case of SPS PDSCH release.


The assumption of the description above is that slot boundaries of two cells are well-aligned by configuring normal CP for serving cells. However, when one of serving cells is configured to use extended CP, the slot boundary may not be aligned even if SCS of two serving cells is the same as shown in Figure 3. 

[image: ]
Figure 3. Slot boundary



Figure 3 shows slot structures for a cell with 60kHz ECP (cell#1), a cell with 60kHz NCP (cell#2), and a cell with 120kHz NCP (cell#3). Suppose that a PDSCH reception is scheduled in slot n+1 of cell#1 (60kHz ECP) and cell#2 (60kHz NCP) is configured for PUCCH transmission. In this case, although two cells have same SCS, slot n+1 in cell#1 is overlapped with slot n and slot n+1 in cell#2. The description “ corresponds to the slot of the PUCCH transmission that overlaps with the slot of the PDSCH reception” cannot be applicable because there are no rules to determine one slot from the overlapped two slots. In addition, when a PDSCH is scheduled in slot n of cell#1 (60kHz ECP) and cell#2 cell#3 (120kHz NCP) is configured for PUCCH transmission, the end of slot n in cell#1 and the end of slot 2n+1 are not aligned. In that case, the description “ corresponds to the slot of the PUCCH transmission that ends at a same time as the slot of the PDSCH reception” cannot be also applicable because two slots do not end at the same time. Thus, the relevant descriptions should be revised to include the case that two serving cells are configured with different CP types
· Proposal 5: To determine a reference PUCCH slot, revise the description in section 9.2.3 of TS38.213 to cover the following four cases: 
1) PDSCH in a cell with 60kHz ECP and PUCCH in a cell with 60kHz NCP
2) PDSCH in a cell with 60kHz NCP and PUCCH in a cell with 60kHz ECP
3) PDSCH in a cell with 60kHz ECP and PUCCH in a cell with 120kHz NCP
4) PDSCH in a cell with 120kHz NCP and PUCCH in a cell with 60kHz ECP

4 Conclusion
In this contribution, the four issues were discussed, and the followings were proposed
Issue #1: PUCCH slot determination and its impact on semi-static HARQ-ACK codebook
· Proposal 1: In case that a UE is configured to transmit PUCCH over multiple slots, the UE does not expect that one or more symbol(s) indicated by the PUCCH resource indicator field in a slot indicated by PDSCH-to-HARQ-timing field is(are) overlapped with a DL symbol configured by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated.

Issue #2: PDSCH slot indication and its impact on semi-static HARQ-ACK codebook
· Proposal 2: In case that a UE is configured to receive PDSCH over multiple slots, the UE does not expect that one or more symbol(s) of the PDSCH reception in a slot indicated by the Time domain resource assignment field is (are) overlapped with a UL symbol configured by TDD-UL-DL-ConfigurationCommon or TDD-UL-DL-ConfigDedicated.
· Proposal 3: Adopt the following text proposal for the section 9.1.2.1 of TS 38.213
	…





if the UE is provided TDD-UL-DL-ConfigurationCommon  or TDD-UL-DL-ConfigDedicated 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 , 

;
end if
…



Issue #3: Check PDSCH overlapping by different K1 values 
· Proposal 4: In case that a UE is configured to receive PDSCH over multiple slots, revise the first pseudo-code in section 9.1.2.1 of TS38.213 to check whether the PDSCH candidates are overlapped or not in slot over all K1,k values.

Issue #4: HARQ-ACK timing indication in case that slot boundary is not aligned
· Proposal 5: In order to determine a reference PUCCH slot, revise the description in section 9.2.3 of TS38.213 to cover the following four cases: 
5) PDSCH in a cell with 60kHz ECP and PUCCH in a cell with 60kHz NCP
6) PDSCH in a cell with 60kHz NCP and PUCCH in a cell with 60kHz ECP
7) PDSCH in a cell with 60kHz ECP and PUCCH in a cell with 120kHz NCP
8) PDSCH in a cell with 120kHz NCP and PUCCH in a cell with 60kHz ECP
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