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1. Introduction
At the last meeting, a CR [1] to clarify whether/how to use UL DAI for multi-PUSCH scheduling by a single DCI was submitted and discussed. Although the issue to be addressed in the CR seems to be valid based on companies’ inputs, there was strong suggestion of discussion on this issue together with another issue with respect to HARQ-ACK codebook size [2]. As a result, the following ‘note’ was captured in [3]. Both issues are discussed in this contribution not to leave a bug.
	For future meetings:
Discussion on draft CRs in R1-2307440 and R1-2307441 are continued in future RAN1 meeting with the following issue.
· For a PUSCH over N slots or N PUSCHs over multiple slots that are scheduled by a DCI format 0_1, when HARQ-ACK is multiplexed on more than one PUSCH transmission from the PUSCH over N slots or the N PUSCHs, whether the HARQ-ACK CB size can be different among the PUSCH transmissions or not.




2. Discussions
2.1. UL DAI for multi-PUSCH scheduling
According to section 9 in the latest 38.213, it seems that when multi-PUSCH scheduling by a single DCI is received and each of one or more PUSCHs of the scheduled PUSCHs is overlapped with a PUCCH with HARQ-ACK and/or CSI, the UCI is multiplexed on the overlapped PUSCH. Note that the text with red color was added according to a CR [4].
	If a UE transmits a PUSCH over multiple slots or multiple PUSCHs over multiple slots that are scheduled by a DCI format 0_1, and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots, and the PUSCH transmission in the one or more slots fulfills the conditions in clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, the UE multiplexes the HARQ-ACK and/or CSI information in the PUSCH transmission in the one or more slots. The UE does not multiplex HARQ-ACK and/or CSI information in the PUSCH transmission in a slot from the multiple slots if the UE would not transmit a single-slot PUCCH with HARQ-ACK and/or CSI information in the slot in case the PUSCH transmission was absent.


In other words, PUCCH/PUSCH multiplexing is handled per slot for multi-PUSCH scheduling, and thus, HARQ-ACK can be multiplexed on more than one PUSCH among the PUSCHs. This can be illustrated as below.
[image: ]
Fig.1: HARQ-ACK multiplexing on more than one PUSCH in multi-PUSCH scheduling
Meanwhile, the paragraph on how to use UL DAI in the same section covers only the case where a DCI schedules PUSCH repetition. The abovementioned case, i.e., multi-PUSCH scheduling by a single DCI, is not included, which means that whether/how to use UL DAI for the case is unclear. But actually, the same way would be intended.
In DCI format 0_1, UL DAI field always exists for Type 1/2 HARQ-ACK CB. This means that this issue shall be addressed for multi-PUSCH scheduling by a DCI format 0_1; otherwise, the abovementioned previous CR becomes meaningless. Besides, definitely ‘the PUSCH transmission over the multiple slots’ in the paragraph does not include multi-PUSCH scheduling. This is clear from the endorsed CR [4]. There should not be any doubt.
Proposal 1:
· Agree the following correction for TS 38.213.
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<Unchanged parts omitted>
If a UE transmits a PUSCH over multiple slots or multiple PUSCHs over multiple slots that are scheduled by a DCI format 0_1, and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots, and the PUSCH transmission in the one or more slots fulfills the conditions in clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, the UE multiplexes the HARQ-ACK and/or CSI information in the PUSCH transmission in the one or more slots. The UE does not multiplex HARQ-ACK and/or CSI information in the PUSCH transmission in a slot from the multiple slots if the UE would not transmit a single-slot PUCCH with HARQ-ACK and/or CSI information in the slot in case the PUSCH transmission was absent.
If a UE transmits a PUSCH with repetition Type B and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with the PUSCH transmission in one or more slots, the UE expects all actual repetitions of the PUSCH transmission [6, TS 38.214] that would overlap with the PUCCH transmission to fulfill the conditions in clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, and the UE multiplexes the HARQ-ACK and/or CSI information in the earliest actual PUSCH repetition of the PUSCH transmission that would overlap with the PUCCH transmission and includes more than one symbol. The UE does not expect that all actual repetitions that would overlap with the PUCCH transmission do not include more than one symbol.
If the PUSCH transmission over the multiple slots or the multiple PUSCHs over multiple slots that are scheduled by a DCI format 0_1 is scheduled by a DCI format that includes a DAI field, the value of the DAI field is applicable for multiplexing HARQ-ACK information in the PUSCH transmission in any slot from the multiple slots where the UE multiplexes HARQ-ACK information.
<Unchanged parts omitted>






2.2. HARQ-ACK codebook size for PUSCH repetition or multi-PUSCH scheduling
If proposal 1 is agreed, whether HARQ-ACK codebook size can be different among PUSCHs on which HARQ-ACK bits are multiplexed may become a controversial question. Actually, this issue may potentially exist from Rel-15 for PUSCH repetition case, but the issue was found in discussion of R18 TEI in our understading. An example of the issue can be illustrated as follows. In the example, 4-slot PUSCH repetition for a TB or 4-slot PUSCH for 4 TBs is scheduled by a DCI format 0_1. At the first PUSCH slot, 5 bits of HARQ-ACK are multiplexed. Meanwhile, at the third PUSCH slot, 1 bit of HARQ-ACK is multiplexed. Both are corresponding to UL DAI = 1, and thus DAI field in the PUSCH-scheduling DCI indicates value 1. At least in the existing specifications, there is no text to preclude this case. In our view, such a case of different HARQ-ACK CB size is allowed from the initial NR release.
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Fig.2: Different HARQ-ACK codebook size for more than one PUSCH 
in PUSCH repetition or multi-PUSCH scheduling
However, this may not be common understanding among companies. For instance of similar discussion, in R18 TEI, DL assignment reception after UL grant reception involved with HARQ-ACK multiplexing associated with the DL assignment becomes allowed for PUSCH repetition case based on the following agreement. For the new mechanism, one FG was introduced to indicate whether to support different HARQ-ACK codebook size between a size determined before the UL grant reception and a size for HARQ-ACK based on DL assignment after the UL grant reception and to be transmitted in a different slot. That is, the same HARQ-ACK codebook size and different HARQ-ACK codebook size are treated as separate UE capabilities in the R18 TEI feature. It is noted that this FG is NOT relevant to HARQ-ACK multiplexing on PUSCH in cases where UE does not receive any involved DL assignment after the UL grant reception as in Fig.2.
	Agreement
If UCI multiplexing of different priorities is not enabled, the restriction on scheduling PDSCH after UL grant is removed for the case of PUSCH with repetitions except the first repetition
· UE generates Type-1 HARQ-ACK codebook according to the existing specification with the modification of setting the actual ‘ACK/NACK’ value corresponding to PDSCH(s) scheduled after the UL grant.
· UE generates Type-2/3 HARQ-ACK codebook according to the existing specification.
· For Type-2 CB, UL DAI is used for generating HARQ CB.
· This feature is subject to separate UE capabilities for type-1, type-2, and type-3 codebooks. 
· RRC parameter(s) to configure the function of scheduling PDSCH after a UL DCI format and multiplexing associated HARQ on a PUSCH repetition except the first repetition are introduced in Rel-18.
· Note: the number of PUSCH repetitions can be scheduled/configured by gNB.
· Note: same principle of current specification which UL DAI in UL grant is applied to each PUSCH repetition is reused.
· The timeline specified in TS 38.213 Clause 9.2.5 are satisfied, i.e. between the last PDSCH and PUCCH,  between the last PDCCH among UL grant /DL grant(s) and the earliest PUCCH or PUSCH  
· Additional UE capabilities are introduced to support the following functions (UE will be configured by gNB to use the following features via RRC)
· HARQ-ACK codebook size change on a PUCCH slot
· PUCCH resource change on a PUCCH slot



	55. TEI18
	55-4e
	Determining different codebook size to transmit HARQ-ACK for PDSCH scheduled after UL grant
	[bookmark: _Hlk145580784]1. Support determining different codebook size in a PUCCH slot from the size determined based on HARQ-ACK information associated with PDSCH reception(s) scheduled before a UL grant, to include HARQ-ACK information associated with PDSCH reception(s) scheduled after the UL grant scheduling a PUSCH transmission with repetitions and the HARQ-ACK information are multiplexed on a repetition of the PUSCH transmission other than a first repetition in the same slot.
	4-1, 4-10
	Yes
	N/A
	UE does not support to determine different codebook size to transmit HARQ-ACK for PDSCH scheduled after UL grant.
	Per Band
	N/A
	N/A
	N/A
	
	Optional with capability signaling


Some companies may assume that a similar way should be considered for R15 PUSCH repetition and R16 multi-PUSCH scheduling as well, i.e., different HARQ-ACK codebook sizes between transmissions from PUSCH repetition or multi-PUSCH even only for HARQ-ACK associated with PDSCH RXs scheduled before the UL grant should be treated as a separate UE capability, while other companies may not. It may be good to clarify which interpretation is valid.
In summary, at least the two options may be considered to conclude this discussion.
· Option 1: Full flexibility from R15
· In R15/16/17, it is allowed to schedule DL assignments and UL grant that result in HARQ-ACK multiplexing with different HARQ-ACK codebook size on more than one transmission in PUSCH repetition or multi-PUSCH scheduling. No separate capability for different HARQ-ACK codebook size is defined.
· Option 2: No conclusion in R15/16 and a new FG for different HARQ-ACK CB size in R17
· In R15/16, no conclusion of UE behavior when UE receives DL assignments and UL grant that result in HARQ-ACK multiplexing with different HARQ-ACK codebook size on more than one transmission in PUSCH repetition or multi-PUSCH scheduling.
· In R17, a new FG similar to FG 55-4e is introduced for PUSCH repetition / multi-PUSCH scheduling. If this FG is not supported by a UE, the UE supports the same HARQ-ACK codebook size only.
As commented above, our position is Option 1. ‘No spec text’ to refer to same/different HARQ-ACK codebook size should mean that such a scheduling is allowed by default and common UE capability is assumed.
Proposal 2:
· For HARQ-ACK multiplexing on PUSCH in R15 PUSCH repetition and in R16 multi-PUSCH scheduling, discuss whether different HARQ-ACK codebook size in more than one transmission is assumed or not.
Proposal 3:
· For HARQ-ACK multiplexing on PUSCH in R15 PUSCH repetition and in R16 multi-PUSCH scheduling, conclude that any HARQ-ACK codebook size in each transmission is allowed regardless of size in other transmission of the same PUSCH repetition or the same multi-PUSCH scheduling.
· No spec update is necessary.


3. Conclusion
In this contribution, we discussed coverage enhancement for NR NTN. Observations/Proposals are summarized as following: 
Proposal 1:
· Agree the following correction for TS 38.213.
	9	UE procedure for reporting control information
<Unchanged parts omitted>
If a UE transmits a PUSCH over multiple slots or multiple PUSCHs over multiple slots that are scheduled by a DCI format 0_1, and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with the PUSCH transmission in one or more slots of the multiple slots, and the PUSCH transmission in the one or more slots fulfills the conditions in clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, the UE multiplexes the HARQ-ACK and/or CSI information in the PUSCH transmission in the one or more slots. The UE does not multiplex HARQ-ACK and/or CSI information in the PUSCH transmission in a slot from the multiple slots if the UE would not transmit a single-slot PUCCH with HARQ-ACK and/or CSI information in the slot in case the PUSCH transmission was absent.
If a UE transmits a PUSCH with repetition Type B and the UE would transmit a PUCCH with HARQ-ACK and/or CSI information over a single slot that overlaps with the PUSCH transmission in one or more slots, the UE expects all actual repetitions of the PUSCH transmission [6, TS 38.214] that would overlap with the PUCCH transmission to fulfill the conditions in clause 9.2.5 for multiplexing the HARQ-ACK and/or CSI information, and the UE multiplexes the HARQ-ACK and/or CSI information in the earliest actual PUSCH repetition of the PUSCH transmission that would overlap with the PUCCH transmission and includes more than one symbol. The UE does not expect that all actual repetitions that would overlap with the PUCCH transmission do not include more than one symbol.
If the PUSCH transmission over the multiple slots or the multiple PUSCHs over multiple slots that are scheduled by a DCI format 0_1 is scheduled by a DCI format that includes a DAI field, the value of the DAI field is applicable for multiplexing HARQ-ACK information in the PUSCH transmission in any slot from the multiple slots where the UE multiplexes HARQ-ACK information.
<Unchanged parts omitted>


Proposal 2:
· For HARQ-ACK multiplexing on PUSCH in R15 PUSCH repetition and in R16 multi-PUSCH scheduling, discuss whether different HARQ-ACK codebook size in more than one transmission is assumed or not.
Proposal 3:
· For HARQ-ACK multiplexing on PUSCH in R15 PUSCH repetition and in R16 multi-PUSCH scheduling, conclude that any HARQ-ACK codebook size in each transmission is allowed regardless of size in other transmission of the same PUSCH repetition or the same multi-PUSCH scheduling.
· No spec update is necessary.
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