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In RAN1#114bis meeting, HARQ-ACK multiplexing in multiple-PUSCH scheduling was discussed. For the usage of UL DAI for multi-PUSCH scheduling, the following agreement was captured in the Chair’s Note. 
	If the PUSCH transmission over the multiple slots is scheduled by a DCI format that includes a DAI field, or if the multiple PUSCHs over the multiple slots are 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.


For different HARQ-ACK CB size for PUSCH repetitions and multi-PUSCH scheduling, the following proposal was achieved but not agreed.
	Proposal for conclusion
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, the size of HARQ-ACK CB is determined per PUSCH transmission.
· No spec change is necessary.


In this paper, we provide our view on this issue. 
Discussion
	[bookmark: _Toc29899553][bookmark: _Toc26719403][bookmark: _Toc129774557][bookmark: _Toc29899135][bookmark: _Toc45699190][bookmark: _Toc36498164][bookmark: _Toc29917290][bookmark: _Toc29894836][bookmark: _Toc20311578][bookmark: _Toc12021466]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 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.


According to the current specification of TS38.213, for a PUSCH over N slots, when HARQ-ACK is multiplexed on M slots of the PUSCH transmission, and the DCI scheduling the PUSCH includes a DAI field, then the value of DAI field is applied to each of the M slots where the HARQ-ACK feedback and the PUSCH overlaps. Due to the MOD operation to derive C-DAI and T-DAI as defined in Table 9.1.3-1 of TS38.213, the HARQ-ACK codebook size can be different even if same DAI values are indicated in DCIs. The exact codebook size should be determined by running the pseudo code defined in clause 9.1.3 of TS38.213. 
For example, if there are 2 HARQ-ACK codebooks to be multiplexed in the 1st and 3rd slot of the 4 PUSCH repetition slots, as illustrated in figure 1. The C-DAIs in 4 PDCCHs scheduling 4 PDSCHs with HARQ-ACK in the first codebook#1 are 0,1,2,3. The C-DAI in 9 PDCCHs scheduling 9 PDSCHs with HARQ-ACK in the second codebook#2 are 0,1,2,3,0,1,2,3,0. In order to multiplex both codebook#1 and codebook#2 in the multiple slots scheduled by a single UL grant, the DAI field in the UL grant indicates 0. According to pseudo code in current specification and assuming single TB is scheduled per DCI, the size for the codebook#1 is 5, in which only 1 bit is padded. The size of codebook#2 is 9 bits. The puncturing or rate matching on the PUSCH in 1st and 3rd slots are performed per slot. Thus, for a PUSCH over N slots, when multiple HARQ-ACK codebooks are multiplexed on different slots of the PUSCH transmission over N slots, HARQ-ACK CB size can be different. The same mechanism should be reused in the case of N PUSCHs over multiple slots.
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Figure 1 HARQ-ACK multiplexed to 2 slots of PUSCH repetition
During the online discussion, one company had concern on the case of PUSCH repetition type B and the proposed conclusion was not endorsed. In clause 9 of TS38.213, the text of “a PUSCH over multiple slots” include both PUSCH repetition type A and type B. Thus, the size of HARQ CB in different slots of a PUSCH are calculated individually, irrespective of the repetition type. Furthermore, if a PUCCH in a slot overlaps with multiple actual repetition of a PUSCH in a slot for repetition type B, the earliest actual repetition of PUSCH in a slot overlapped with PUCCH would be used to multiplex the UCI. (Highlighted in blue color in the copied specification above).  A typical example of PUSCH repetition type B is illustrated in Figure 2.
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Figure 2 PUSCH repetition type B
Proposal 1: Capture the following conclusion in Chair’s Note
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, the size of HARQ-ACK CB is determined per PUSCH transmission.
· A PUSCH transmission is an (actual) repetition of a PUSCH over N slots or a PUSCH of N PUSCHs over multiple slots
· No specification change is needed 
[bookmark: _Ref129681832]Conclusion
According to the above discussion, we have the following proposal:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 1: Capture the following conclusion in Chair’s Note
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, the size of HARQ-ACK CB is determined per PUSCH transmission.
· A PUSCH transmission is an (actual) repetition of a PUSCH over N slots or a PUSCH of N PUSCHs over multiple slots
· No specification change is needed 
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