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Introduction
In RAN1#99 meeting, the RAN1 discussion on Rel-16 NR-U HARQ enhancement had been finished. After the meeting, the initial versions of physical layer specifications including 38.211, 38.212, 38.213, and 38.214 were distributed, discussed, updated and endorsed by email discussion.
And in the RAN1 #100 e-meeting, the following agreement was reached.
Agreement: 
· When UE is not configured to report NDI in the type-3 HARQ-ACK codebook:
· If UE has previously transmitted HARQ-ACK information for TB t for HARQ process number h on serving cell c, and has not been scheduled for reception of another PDSCH corresponding to TB t for HARQ process number h on serving cell c since the previous HARQ-ACK report
· UE reports NACK
· if UE has obtained HARQ-ACK information for TB t for HARQ process number h on serving cell c corresponding to a PDSCH reception, and has not previously transmitted the HARQ-ACK information corresponding to the PDSCH reception
· UE reports HARQ-ACK information bit for TB t for HARQ process h of serving cell c
· FFS: cases where the UE has not yet obtained HARQ-ACK information for a TB corresponding to a scheduled PDSCH reception.
We can see there still some remaining issues left. In this contribution, we provide our views on the remaining issues on NR-U type-3 HARQ-ACK codebook and multi-PUSCH scheduling for Rel-16 specifications.
Discussion
2.1 Type-3 HARQ-ACK codebook
For the case when UE is not configured to report NDI in the type-3 HARQ-ACK codebook. According to the conclusion of last meeting, below two cases were specified.
· Case1: UE has previously transmitted HARQ-ACK information for TB t for HARQ process number h on serving cell c, and has not been scheduled for reception of another PDSCH corresponding to TB t for HARQ process number h on serving cell c since the previous HARQ-ACK report.
· Case2: UE has obtained HARQ-ACK information for TB t for HARQ process number h on serving cell c corresponding to a PDSCH reception, and has not previously transmitted the HARQ-ACK information corresponding to the PDSCH reception.
But the case that where the UE has not yet obtained HARQ-ACK information for a TB corresponding to a scheduled PDSCH reception as UE has not enough processing time is still FFS. We think in this case, UE should report NACK since HARQ-ACK for the PDSCH with insufficient processing time would be NACK, and even if UE report ACK, then the ACK is supposed to be an invalid value as defined in 38.214 section 5.3. And below we give the corresponding TP.

Proposal 1: 
· UE shall report NACK for the cases where the UE has not yet obtained HARQ-ACK information for a TB corresponding to a scheduled PDSCH reception
· Adopt TP#1 for the corresponding change in 38.213

	Reasons for change
To complete the Type-3 HARQ-ACK codebook determination.
Summary of changes
Implement the above update.
Specs/Sections impacted
TS 38.213, Section 9.1.4.
< Start of text proposal for 38.213 [2]>
================== Beginning of text proposal 1===================
9.1.4	Type-3 HARQ-ACK codebook determination 
*** Unchanged text omitted ***

if 
while 
if UE has reported HARQ-ACK information for TB  for HARQ process number  on serving cell , and has not subsequently detected a DCI format scheduling a PDSCH reception, or received a SPS PDSCH, with TB  for HARQ process number  on serving cell , or UE has not yet obtained HARQ-ACK information for a TB corresponding to a scheduled PDSCH reception
while 
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end while
end if
if UE has obtained HARQ-ACK information for TB  for HARQ process number  on serving cell  corresponding to a PDSCH reception and has not reported the HARQ-ACK information corresponding to the PDSCH reception
while 
[image: ]= HARQ-ACK information bit for CBG  of TB  for HARQ process number  of serving cell 
 
 
end while
end if
 
 
end while
else
while 
if UE has reported HARQ-ACK information for TB  for HARQ process number  on serving cell  and has not subsequently detected a DCI format scheduling a PDSCH reception, or received a SPS PDSCH, with TB  for HARQ process number  on serving cell , or UE has not yet obtained HARQ-ACK information for a TB corresponding to a scheduled PDSCH reception
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end if
< End of text proposal 1>



2.2 Multi-PUSCH scheduling
From the description of the DCI format 0_1 in 38.212, we can see the bitwidth for NDI, RV, CBGTI and UL-SCH indicator bit fields in DCI format 0_1 depends on the number of scheduled PUSCH indicated by the Time domain resource assignment field in the DCI. That is UE should first know the number of scheduled PUSCH from the information of Time domain resource assignment field in the DCI, then it can know the number of bits for NDI, RV, CBGTI and UL-SCH indicator bit fields in this DCI. But in fact, before blind the PDCCH, UE should know the exact size of the DCI based on the higher layer parameter configuration, otherwise UE cannot monitor PDCCH for DCI format 0_1. Therefore, the description of NDI, RV, CBGTI and UL-SCH indicator bit fields in the DCI format 0_1 in 38.212 is not accurate.
Besides, from the conclusion in RAN1 #99 meeting and the conclusion in RAN2 #110 meeting, the smallest number of schedulable PUSCHs among all entries in the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH-r16 can be 1. RAN1 #99 meeting:
Agreement:
· The TDRA table configuration allows indicating single or multiple continuous PUSCHs in any slot of the multiple scheduled slots
· For signaling the number of scheduled PUSCHs and TDRA in one DCI format 0_1 scheduling multiple PUSCHs, the TDRA table is extended such that each row indicates multiple PUSCHs (continuous in time-domain)
· Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· Note: For the fallback DCI, Rel-15 TDRA table is used
RAN2 #110e meeting:
Agreements:
Agree to the solutions suggested in the report for following issues:
· U562: Change minimum list size from 2 to 1 for multiplePUSCH-Allocations-r16


In fact, there are three cases for higher layer parameter configuration:
Case1: the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH-r16 is not configured, and the number of scheduled PUSCH is only 1 and in this case the NDI is 1 bit and the RV is 2 bits, and UL-SCH indicator is 1 bit, and the CBGTI is 0 bit if higher layer parameter codeBlockGroupTransmission for PUSCH is not configured otherwise, 2, 4, 6, or 8 bits determined by higher layer parameter maxCodeBlockGroupsPerTransportBlock for PUSCH.  
Case2: the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH-r16 is configured and the maximum number of schedulable PUSCH among all entries in the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH-r16 is 1, in this case, the number of scheduled PUSCH is also only 1, and the bitwidth for NDI, RV, CBGTI and UL-SCH indicator bit fields in DCI format 0_1 is determined as in case 1.
Case3: the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH-r16 is configured and the maximum number of schedulable PUSCH among all entries in the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH-r16 is larger than 1, that is the pusch-TimeDomainAllocationListForMultiPUSCH-r16 contains row indicating time domain resource allocation for two to eight PUSCHs. In this case, the bitwidth for NDI and RV field is determined based on the maximum number of schedulable PUSCH among all entries in the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH-r16, and the UL-SCH indicator field and the CBGTI field are 0 bit.
Therefore, UE can determine the number bits of NDI , RV, CBGTI and UL-SCH indicator fields based on the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH-r16 configured or not and the maximum number of schedulable PUSCH among all entries in the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH-r16.
Furthermore, if the number of scheduled PDSCH is less than the maximum number of schedulable PUSCH among all entries in the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH-r16, the MSB bits are omitted, only the LSB bits of the RV field and NDI field are used and each bit correspond to one PUSCH according to 38.214. Therefore, the existing description in 38.212 for NDI and RV field is not right.
Besides, as in RAN2 the RRC parameters pusch-TimeDomainAllocationListForMultiPUSCH has been replaced by pusch-TimeDomainAllocationListForMultiPUSCH-r16 in 38.331, therefore, the related description in physical layer spec of 38.212 should also be replaced at the same time. 

Proposal 2: 
· The size of the DCI 0_1 should be based on the higher layer parameter configuration rather than another DCI field of Time domain resource assignment.
· The RRC parameters pusch-TimeDomainAllocationListForMultiPUSCH should be replaced by pusch-TimeDomainAllocationListForMultiPUSCH-r16 in 38.212.
· Adopt TP#2 for the corresponding change in 38.212.
	Reasons for change
To align the RRC parameter names for multiple PUSCH scheduling between the RAN1 specs and RRC spec.
To align the description of RV and NDI bits between 38.212 and 38.214.
To avoid the dependency of the size of one DCI field based on another DCI field.
Summary of changes
Implement the above update
Specs/Sections impacted
TS 38.212, Section 7.3.1.1.2
< Start of text proposal for 38.212 [1]>
================== Beginning of text proposal 2 ===================
[bookmark: _Toc19798776][bookmark: _Toc36046354][bookmark: _Toc26467247][bookmark: _Toc36045948][bookmark: _Toc45209271][bookmark: _Toc36046208][bookmark: _Toc29327758][bookmark: _Toc29326608]7.3.1.1.2	Format 0_1
DCI format 0_1 is used for the scheduling of one or multiple PUSCH in one cell, or indicating CG downlink feedback information (CG-DFI) to a UE. 
The following information is transmitted by means of the DCI format 0_1 with CRC scrambled by C-RNTI or CS-RNTI or SP-CSI-RNTI or MCS-C-RNTI:
*** Unchanged text omitted ***

-	New data indicator – 1 bit if the higher layer parameter  pusch-TimeDomainAllocationListForMultiPUSCH-r16 is not configuredif the number of scheduled PUSCH indicated by the Time domain resource assignment field is 1; otherwiseor 1, 2, 3, 4, 5, 6, 7 or 8 bits if the higher layer parameter  pusch-TimeDomainAllocationListForMultiPUSCH-r16 is configured and the bitwidth for this field is determined based on the maximum number of schedulable PUSCH among all entries in the higher layer parameter TimeDomainAllocationListForMultiPUSCH-r16, where each bit corresponds to one scheduled PUSCH as defined in clause 6.1.4 in [6, TS 38.214].
.
-	Redundancy version – – number of bits determined by the following:
-	2 bits as defined in Table 7.3.1.1.1-2 if the higher layer parameter  pusch-TimeDomainAllocationListForMultiPUSCH-r16 is not configuredif the number of scheduled PUSCH indicated by the Time domain resource assignment field is 1;
-	otherwiseor 2, 3, 4, 5, 6, 7 or 8 bits if the higher layer parameter  pusch-TimeDomainAllocationListForMultiPUSCH-r16 is configured and the bitwidth for this field is determined by the maximum number of schedulable PUSCHs among all entries in the higher layer parameter TimeDomainAllocationListForMultiPUSCH-r16, where each bit corresponds to one scheduled PUSCH as defined in clause 6.1.4 in [6, TS 38.214] and redundancy version is determined according to Table 7.3.1.1.2-34.
-	CBG transmission information (CBGTI) – 0 bit if higher layer parameter codeBlockGroupTransmission for PUSCH is not configured or if the maximum number of schedulable PUSCHs among all entries in the higher layer parameter  pusch-TimeDomainAllocationListForMultiPUSCH-r16the number of scheduled PUSCH indicated by the Time domain resource assignment field is larger than 1; otherwise, 2, 4, 6, or 8 bits determined by higher layer parameter maxCodeBlockGroupsPerTransportBlock for PUSCH. 
-	UL-SCH indicator – 0 or 1 bit as follows 
-	0 bit if the maximum number of schedulable PUSCHs among all entries in the higher layer parameter  pusch-TimeDomainAllocationListForMultiPUSCH-r16the number of scheduled PUSCH indicated by the Time domain resource assignment field is larger than 1; 
-	1 bit otherwise. A value of "1" indicates UL-SCH shall be transmitted on the PUSCH and a value of "0" indicates UL-SCH shall not be transmitted on the PUSCH. Except for DCI format 0_1 with CRC scrambled by SP-CSI-RNTI, a UE is not expected to receive a DCI format 0_1 with UL-SCH indicator of "0" and CSI request of all zero(s).
[bookmark: _GoBack]< End of text proposal 2>



Furthermore, the parameter used in section 6.1.2.1 of 38.214 for PUSCH time domain allocation is not correct. As pusch-TimeDomainAllocationList never contain a row indicating resource allocation for two to eight contiguous PUSCH. And only the pusch-TimeDomainAllocationListForMultiPUSCH-r16 can. Therefore, in section 6.1.2.1 of 38.214, the parameter pusch-TimeDomainAllocationList should be replaced by pusch-TimeDomainAllocationListForMultiPUSCH-r16. 
Proposal 3: 
· The RRC parameters pusch-TimeDomainAllocationList should be replaced by pusch-TimeDomainAllocationListForMultiPUSCH-r16 in section 6.1.2.1 of 38.214.
· Adopt TP#3 for the corresponding change in 38.214.
	Reasons for change
To correct the RRC parameter names for multiple PUSCH scheduling in time domain resource allocation.
Summary of changes
Implement the above update
Specs/Sections impacted
TS 38.214, Section 6.1.2.1
< Start of text proposal for 38.214 [3]>
================== Beginning of text proposal 3 ===================
[bookmark: _Toc36645567][bookmark: _Toc29674337][bookmark: _Toc29673203][bookmark: _Toc45810612][bookmark: _Toc29673344][bookmark: _Toc52457822][bookmark: _Toc11352142][bookmark: _Toc27299930][bookmark: _Toc20318032]6.1.2	Resource allocation 
[bookmark: _Toc29673204][bookmark: _Toc36645568][bookmark: _Toc29673345][bookmark: _Toc11352143][bookmark: _Toc52457823][bookmark: _Toc29674338][bookmark: _Toc27299931][bookmark: _Toc45810613][bookmark: _Toc20318033]6.1.2.1	Resource allocation in time domain
*** Unchanged text omitted ***

If pusch-TimeDomainAllocationListForMultiPUSCH-r16pusch-TimeDomainAllocationList in pusch-Config contains row indicating resource allocation for two to eight contiguous PUSCHs, K2 indicates the slot where UE shall transmit the first PUSCH of the multiple PUSCHs. Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the pusch-TimeDomainAllocationListForMultiPUSCH-r16pusch-TimeDomainAllocationList signalled in DCI format 0_1. 
< End of text proposal 3>


Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide our proposals below and TPs on NR-U type-3 HARQ-ACK codebook and multi-PUSCH scheduling for Rel-16 specifications.
Proposal 1: 
· UE shall report NACK for the cases where the UE has not yet obtained HARQ-ACK information for a TB corresponding to a scheduled PDSCH reception
· Adopt TP#1 for the corresponding change in 38.213
Proposal 2: 
· The size of the DCI 0_1 should be based on the higher layer parameter configuration rather than another DCI field of Time domain resource assignment.
· The RRC parameters pusch-TimeDomainAllocationListForMultiPUSCH should be replaced by pusch-TimeDomainAllocationListForMultiPUSCH-r16 in 38.212.
· Adopt TP#2 for the corresponding change in 38.212.
Proposal 3: 
· The RRC parameters pusch-TimeDomainAllocationList should be replaced by pusch-TimeDomainAllocationListForMultiPUSCH-r16 in section 6.1.2.1 of 38.214.
· Adopt TP#3 for the corresponding change in 38.214.
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