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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In RAN#82 meeting, the WID of the NR access to the unlicensed spectrum has been approved [1]. The following physical layer procedures have been identified as the objectives of the work item.
-	Physical layer procedure(s) including [RAN1, RAN2]:
[bookmark: _Hlk532426838]- 	HARQ operation: NR HARQ feedback mechanisms are the baseline for NR-U operation with extensions in line with agreements during the study phase (NR-U TR section 7.2.1.3.3), including immediate transmission of HARQ A/N for the corresponding data in the same shared COT as well as transmission of HARQ A/N in a subsequent COT. Potentially support mechanisms to provide multiple and/or supplemental time and/or frequency domain transmission opportunities. (RAN1)
-	Scheduling multiple TTIs for PUSCH in-line with agreements from the study phase (TR 38.889, Section 7.2.1.3.3). (RAN1)
In RAN#86 meeting, the work item has been completed with some remaining issues. In this contribution, we discuss the remaining issues on HARQ operation for NR-U Rel-16.
2. Discussion
2.1. HARQ-ACK feedback
In NR-U Rel-16, enhancements for HARQ-ACK feedback have been introduced, mainly including enhancements for dynamic codebook, and introduction of a totally new codebook, i.e. one-shot feedback. In the following sections, we will discuss the remaining issues for these two items one by one.
2.1.1 Enhanced dynamic codebook
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]During RAN1#100bis issue A9 about enhanced dynamic codebook for multiple DCIs has been discussed in detail, and many related agreements have been achieved. But there remain some questions for which no consensus has been reached. From these remaining questions, Q9 is copied as follow:
Q9: Can we clarify that a UE should ignore the NFI and DAI fields for the non-scheduled group in a DL DCI if q=0 for the number of requested PDSCH group(s) in that DCI?
In TS38.213 v16.2.0 [2], there are some descriptions about determining if a DCI format 1_0 should be acknowledged as PDSCH group 0 and the value of associated NFI when the answer is yes as follows:
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From above descriptions, it is known that whether a DCI format 1_0 should be acknowledged as PDSCH group 0 is highly depended on if there is a DCI format that indicates a same PUCCH transmission occasion and includes or provides an NFI for PDSCH group 0. So whether a DCI format includes or provides an NFI for PDSCH group 0 should be defined clearly.
For Q9, supposing a DCI format schedules group 1, i.e., indicating group 1 by PDSCH group index field, and includes NFI and DAI fields for group 0, i.e., the higher layer parameter NFI-TotalDAI-Included-r16 = enable, but q=0 indicating group 0 is not triggered, should this DCI format be regarded as including or providing an NFI for group 0? The answer will affect construction and report of enhanced dynamic codebook, so a clarification is desired.
We can simply clarify it as: a DCI format with q=0 is regarded as not including or providing NFI and DAI for the non-scheduled group, or, a UE should ignore the NFI and DAI fields for the non-scheduled group in a DL DCI with q=0. As a result, whether a DCI format includes or provides an NFI for PDSCH group 0 can be determined clearly.
Proposal 1: For enhanced dynamic codebook, UE should ignore the NFI and DAI fields for the non-scheduled group in a DL DCI with q=0, and assume that the DL DCI does not include or provide an NFI for the non-scheduled group.
2.1.2 One-shot feedback
· CBG based HARQ-ACK feedback
During RAN1#99 meeting it was agreed that CBG-based HARQ-ACK or TB-based HARQ-ACK can be configured to be part of the one-shot HARQ feedback for the CCs configured with CBG. During RAN1#101 e-Meeting it was agreed that UE is not expected to be configured simultaneously with Type-3 HARQ-ACK codebook, spatial bundling and CBG-based HARQ. 
In TS38.331 v16.1.0 [4], some related parameters are defined in PhysicalCellGroupConfig as below.
PhysicalCellGroupConfig ::=         SEQUENCE {
    harq-ACK-SpatialBundlingPUCCH          ENUMERATED {true}            OPTIONAL,   -- Need S
    harq-ACK-SpatialBundlingPUSCH          ENUMERATED {true}            OPTIONAL,   -- Need S
	…
	pdsch-HARQ-ACK-OneShotFeedback-r16     ENUMERATED {true}            OPTIONAL,   -- Need R
	…
	pdsch-HARQ-ACK-OneShotFeedbackCBG-r16  ENUMERATED {true}            OPTIONAL,   -- Need R
…
}
With respect to CBG-based HARQ referred by aforementioned agreement, there may be two kinds of understanding as following:
· Option 1: For a configured CC the high layer parameter maxCodeBlockGroupsPerTransportBlock is provided. When high layer parameter pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 is configured, UE shall report CBG-based HARQ-ACK, and when not configured, TB-based HARQ-ACK shall be reported.
· Option 2: For a configured CC the high layer parameter maxCodeBlockGroupsPerTransportBlock is provided, at the same time the high layer parameter pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 is also provided for the PUCCH group to which the configured CC belongs. So UE shall report CBG-based HARQ-ACK for the configured CC.
For NR Rel-15, harq-ACK-SpatialBundlingPUCCH or harq-ACK-SpatialBundlingPUSCH is ignored when constructing a semi-static HARQ-ACK codebook for a serving cell provided with maxCodeBlockGroupsPerTransportBlock, or when constructing the second HARQ-ACK sub-codebook consisting of CBG-based HARQ-ACK for a dynamic HARQ-ACK codebook. From our view, UE behavior for reporting one-shot HARQ-ACK codebook should be consistent with that for Rel-15 HARQ-ACK codebooks as much as possible, and the option 2, in conjunction with other related agreements, is more aligned with Rel-15 UE behavior, i.e. when UE actually reports CBG-based HARQ-ACK for a configured CC, the spatial bundling configuration is ignored.
Proposal 2: For Type-3 codebook, when pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 is provided for a PUCCH group, and maxCodeBlockGroupsPerTransportBlock is provided for a serving cell belonging to the PUCCH group, UE ignores spatial bundling related configuration, and reports CBG-based HARQ-ACK for each configured downlink codeword for the serving cell.
Accordingly, we propose to adopt the following TP1 for TS38.213 v16.2.0 [2].
-------------------------------------------------------Start text proposal 1--------------------------------------------------------
9.1.4	Type-3 HARQ-ACK codebook determination 
If a UE is provided pdsch-HARQ-ACK-OneShotFeedback-r16, the UE determines a Type-3 HARQ-ACK codebook according to the following procedure.
Set  to the number of configured serving cells
Set  to the value of nrofHARQ-ProcessesForPDSCH for serving cell , if provided; else, set 
Set  to the value of maxNrofCodeWordsScheduledByDCI for serving cell  if harq-ACK-SpatialBundlingPUCCH is provided and , or if harq-ACK-SpatialBundlingPUCCH is not provided, or if maxCodeBlockGroupsPerTransportBlock is provided for serving cell  and pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 is provided; else, set 
Set  to the number of HARQ-ACK information bits per TB for PDSCH receptions on serving cell  as described in Clause 9.1.1 if maxCodeBlockGroupsPerTransportBlock is provided for serving cell  and pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 is provided; else, set 
Set  if pdsch-HARQ-ACK-OneShotFeedbackNDI-r16 is provided; else set 
--------------------------------------------------------End text proposal 1--------------------------------------------------------
Proposal 3: Adopt the TP1 for Rel-16 TS38.213 .
· Insufficient processing time for reporting Type-3 codebook without NDI
During RAN1#100 meeting, how to process HARQ-ACK in one-shot feedback for a PDSCH without sufficient processing time is extensively discussed without a common understanding at the end. There remains an FFS for cases where the UE has not yet obtained HARQ-ACK information for a TB corresponding to a scheduled PDSCH reception. To deal with these cases, a simple way is that how to report HARQ-ACK for a HARQ process with a TB scheduled without sufficient processing time is up to UE implementation. For example, when UE has reported HARQ-ACK information for a TB t for a HARQ process h, and has subsequently detected a DCI format scheduling a PDSCH reception, or received a SPS PDSCH, with the same TB t and for the same HARQ process h, for which UE has no sufficient time to obtain corresponding HARQ-ACK information to be reported in a Type-3 codebook without NDI, UE may choose to report again the old HARQ-ACK information obtained before the subsequent DCI detection or PDSCH reception, or to report NACK for simplicity, for TB t for HARQ process h. The gNB can infer which HARQ process has been scheduled with a TB without sufficient processing time and UE may not provide a valid HARQ-ACK corresponding to it. When the Type-3 codebook is successfully received and parsed, gNB may choose to not accept the HARQ-ACK corresponding to TB(s) without sufficient processing time, which is up to gNB implementation.
Proposal 4: How to report HARQ-ACK for a HARQ process with a TB scheduled without sufficient processing time is up to UE implementation.
2.2. Multi-PUSCH scheduling
Multi-PUSCH scheduling has been introduced in NR-U Rel-16 to avoid excessive LBT and save DCI overhead. Meanwhile, PUSCH repetition Type B has been introduced in URLLC Rel-16 to improve reliability and reduce latency. To enable these new features, new IEs such as configurations for new TDRA tables are introduced in PUSCH-Config, which is shown as below.
PUSCH-Config ::=                        SEQUENCE {
    …
pusch-TimeDomainAllocationList          			SetupRelease { PUSCH-TimeDomainResourceAllocationList }             						OPTIONAL,   -- Need M
	…
	pusch-TimeDomainAllocationListForDCI-Format0-2-r16  SetupRelease { PUSCH-TimeDomainResourceAllocationList-r16 }                     			OPTIONAL,   -- Need M
    pusch-TimeDomainAllocationListForDCI-Format0-1-r16  SetupRelease { PUSCH-TimeDomainResourceAllocationList-r16 }                   			OPTIONAL,   -- Need M
	…
	pusch-TimeDomainAllocationListForMultiPUSCH-r16  	SetupRelease { PUSCH-TimeDomainResourceAllocationList-r16 }								OPTIONAL,  --  Need M
	…
}
So far combined application of multi-PUSCH scheduling from NR-U and PUSCH repetition Type B from URLLC has not been discussed, it can be assumed that the IEs pusch-TimeDomainAllocationListForDCI-Format0-1-r16 or pusch-TimeDomainAllocationListForDCI-Format0-2-r16, which is used for URLLC PUSCH repetition Type B, and pusch-TimeDomainAllocationListForMultiPUSCH-r16 used for NR-U multi-PUSCH scheduling may not be configured in PUSCH-Config for a serving cell simultaneously.
In TS38.214 v16.2.0 [3], applicable TDRA tables for DCI format 0_1 in USS is defined in Table 6.1.2.1.1-1A, which is copied as below.
Table 6.1.2.1.1-1A: Applicable PUSCH time domain resource allocation for DCI format 0_1 in UE specific search space scrambled with C-RNTI, MCS-C-RNTI, CS-RNTI or SP-CSI-RNTI
	pusch-ConfigCommon includes pusch-TimeDomainAllocationList
	pusch-Config includes pusch-TimeDomainAllocationList
	pusch-Config includes pusch-TimeDomainAllocationList -ForDCIformat0_1

	PUSCH time domain resource allocation to apply

	No
	No
	No
	Default A

	Yes
	No
	No
	pusch-TimeDomainAllocationList provided in pusch-ConfigCommon 

	No/Yes
	Yes
	No
	pusch-TimeDomainAllocationList provided in pusch-Config

	No/Yes
	No/Yes
	Yes
	pusch-TimeDomainAllocationList-ForDCIformat0_1 provided in pusch-Config



From Table 6.1.2.1.1-1A, it can be observed that there is no description about application of pusch-TimeDomainAllocationListForMultiPUSCH-r16, i.e., TDRA table configured by pusch-TimeDomainAllocationListForMultiPUSCH-r16 is not used actually according to Table 6.1.2.1.1-1A, which is not the intention of NR-U Rel-16. So, Table 6.1.2.1.1-1A should be revised to show the application scenarios of pusch-TimeDomainAllocationListForMultiPUSCH-r16. Given the aforementioned assumption that TDRA tables for multi-PUSCH scheduling and PUSCH repetition Type B are not configured for a same serving cell at the same time, a straightforward way is that when TDRA table for multi-PUSCH scheduling is configured in PUSCH-Config, this table is applied for DCI format 0_1 in USS scrambled by UE-specific RNTI(s). As a result, Table 6.1.2.1.1-1A can be revised as below. 
Table 6.1.2.1.1-1A(revised): Applicable PUSCH time domain resource allocation for DCI format 0_1 in UE specific search space scrambled with C-RNTI, MCS-C-RNTI, CS-RNTI or SP-CSI-RNTI
	pusch-ConfigCommon includes pusch-TimeDomainAllocationList
	pusch-Config includes pusch-TimeDomainAllocationList
	pusch-Config includes pusch-TimeDomainAllocationList -ForDCIformat0_1

	pusch-Config includes pusch-TimeDomainAllocationListForMultiPUSCH-r16
	PUSCH time domain resource allocation to apply

	No
	No
	No
	No
	Default A

	Yes
	No
	No
	No
	pusch-TimeDomainAllocationList provided in pusch-ConfigCommon 

	No/Yes
	Yes
	No
	No
	pusch-TimeDomainAllocationList provided in pusch-Config

	No/Yes

	No/Yes

	Yes


	No

	pusch-TimeDomainAllocationList-ForDCIformat0_1 provided in pusch-Config

	No/Yes
	No/Yes
	No
	Yes
	pusch-TimeDomainAllocationListForMultiPUSCH-r16 provided in pusch-Config



In NR-U Rel-16, it has been agreed that multi-PUSCH scheduling is supported by DCI format 0_1, so Table 6.1.2.1.1-1B in TS38.214 v16.2.0 [3] which is dedicated to DCI format 0_2 needs no revision.
Proposal 5: When TDRA table for multi-PUSCH scheduling is configured in PUSCH-Config, this table is applied for DCI format 0_1 in USS scrambled by UE-specific RNTI(s).
Proposal 6: Adopt the revisions in Table 6.1.2.1.1-1A(revised) in Rel-16 TS38.214.
3. Conclusion
In this contribution, some remaining issues on NR-U Rel-16 HARQ operation have been discussed, and the proposals made are summarized below:
Proposal 1: For enhanced dynamic codebook, UE should ignore the NFI and DAI fields for the non-scheduled group in a DL DCI with q=0, and assume that the DL DCI does not include or provide an NFI for the non-scheduled group.
Proposal 2: For Type-3 codebook, when pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 is provided for a PUCCH group, and maxCodeBlockGroupsPerTransportBlock is provided for a serving cell belonging to the PUCCH group, UE ignores spatial bundling related configuration, and reports CBG-based HARQ-ACK for each configured downlink codeword for the serving cell.
Proposal 3: Adopt the TP1 for Rel-16 TS38.213 .
-------------------------------------------------------Start text proposal 1--------------------------------------------------------
9.1.4	Type-3 HARQ-ACK codebook determination 
If a UE is provided pdsch-HARQ-ACK-OneShotFeedback-r16, the UE determines a Type-3 HARQ-ACK codebook according to the following procedure.
Set  to the number of configured serving cells
Set  to the value of nrofHARQ-ProcessesForPDSCH for serving cell , if provided; else, set 
Set  to the value of maxNrofCodeWordsScheduledByDCI for serving cell  if harq-ACK-SpatialBundlingPUCCH is provided and , or if harq-ACK-SpatialBundlingPUCCH is not provided, or if maxCodeBlockGroupsPerTransportBlock is provided for serving cell  and pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 is provided; else, set 
Set  to the number of HARQ-ACK information bits per TB for PDSCH receptions on serving cell  as described in Clause 9.1.1 if maxCodeBlockGroupsPerTransportBlock is provided for serving cell  and pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 is provided; else, set 
Set  if pdsch-HARQ-ACK-OneShotFeedbackNDI-r16 is provided; else set 
--------------------------------------------------------End text proposal 1--------------------------------------------------------
Proposal 4: How to report HARQ-ACK for a HARQ process with a TB scheduled without sufficient processing time is up to UE implementation.
Proposal 5: When TDRA table for multi-PUSCH scheduling is configured in PUSCH-Config, this table is applied for DCI format 0_1 in USS scrambled by UE-specific RNTI(s).
Proposal 6: Adopt the revisions in Table 6.1.2.1.1-1A(revised) in Rel-16 TS38.214.
Table 6.1.2.1.1-1A(revised): Applicable PUSCH time domain resource allocation for DCI format 0_1 in UE specific search space scrambled with C-RNTI, MCS-C-RNTI, CS-RNTI or SP-CSI-RNTI
	pusch-ConfigCommon includes pusch-TimeDomainAllocationList
	pusch-Config includes pusch-TimeDomainAllocationList
	pusch-Config includes pusch-TimeDomainAllocationList -ForDCIformat0_1

	pusch-Config includes pusch-TimeDomainAllocationListForMultiPUSCH-r16
	PUSCH time domain resource allocation to apply

	No
	No
	No
	No
	Default A

	Yes
	No
	No
	No
	pusch-TimeDomainAllocationList provided in pusch-ConfigCommon 

	No/Yes
	Yes
	No
	No
	pusch-TimeDomainAllocationList provided in pusch-Config

	No/Yes

	No/Yes

	Yes


	No

	pusch-TimeDomainAllocationList-ForDCIformat0_1 provided in pusch-Config

	No/Yes
	No/Yes
	No
	Yes
	pusch-TimeDomainAllocationListForMultiPUSCH-r16 provided in pusch-Config
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