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[bookmark: _Ref124589705][bookmark: _Ref129681862][bookmark: OLE_LINK22]Introduction
[bookmark: OLE_LINK3]In this contribution, we propose to fix the remaining issues of HARQ-ACK feedback for Rel-16 NR-U work item, including the issues for Type-2 HARQ-ACK codebook (Issue A in [2]), Type-3 HARQ-ACK codebook(Issue B in [2]).
[bookmark: OLE_LINK13][bookmark: OLE_LINK36][bookmark: _GoBack]Corrections on the Type-2 HARQ-ACK codebook
Single T-DAI for the non-scheduled group (Issue A7)
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]When CBG based transmission is configured, two sub-codebooks (one TB-based sub-codebook and one CBG-based sub-codebook) should be generated. If the NFI-TotalDAI-Included-r16 is configured, how to apply the single T-DAI to these two sub-codebooks for the non-scheduled group is still an open issue. Some companies proposed that two separate T-DAI for the two sub-codebooks could be indicated in non-fallback DCI, however, CBG based transmission is configured per cell while the NFI-TotalDAI-Included-r16 is configured per UE, which means that there will be a lot of invalid indications when UE is not provided PDSCH-CodeBlockGroupTransmission for part of cells. A natural way is that gNB indicates the larger of T-DAI for these two sub-codebooks, and UE appends NACK(s) to the smaller one, which has already been supported by specification TS 38.213 V16.1.0 clause 9.1.3.3:
if , after the completion of the  and  loops for the pseudo-code for the second HARQ-ACK codebook generation in Clause 9.1.3.1, set  for both sub-codebooks, if any.
Observation 1: No correction is needed for issue A7. 
Toggled NFI for the non-scheduled group (Issue A8) 
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]The toggled NFI for the non-scheduled group (g+1)mod2 most likely occurs when the latest DCI or multiple DCIs scheduling  the group (g+1)mod2 was miss-detected by UE. In TS 38.213 V16.1.0, the second HARQ-ACK information in this case is generated as follows: 
[bookmark: OLE_LINK14]If  and , generate second HARQ-ACK information, as described in Clause 9.1.3.1, by setting  for all  and all  and, after the completion of the  and  loops for the pseudo-code for the second HARQ-ACK codebook generation in Clause 9.1.3.1, setting .
[bookmark: OLE_LINK17]Firstly, it is clear which PDCCH monitoring occasion corresponds to  in this case. According to the logic of the pseudo-code,  should correspond to the first PDCCH monitoring occasion where the UE detects a toggled NFI for group (g+1)mod2. As shown in Figure 1,   should correspond to PDCCH monitoring occasion #4, after completion of the  and  loops for the pseudo-code, redundant HARQ-ACK information will be generated compared with gNB’s expectation. To avoid this misalignment, the following TP is provided: 
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]TP#1 for TS 38.213 Clause 9.1.3.3
============================= Unchanged part omitted ============================
If  and , generate second HARQ-ACK information, as described in Clause 9.1.3.1, by setting  for all  and all  and, after the completion of the  and  loops for the pseudo-code for the second HARQ-ACK codebook generation in Clause 9.1.3.1, setting .

============================= Unchanged part omitted ============================

[image: ]
[bookmark: _Ref36232153]Figure 1. Illustration of the toggled NFI for the non-scheduled group

Indications of NFI and/or number of requested groups in multiple DCIs (Issue A9) 
Case 1: two DCIs pointing to the same PUCCH for different groups
· Case 1a: two DCIs each requesting feedback for a different group (q=0) pointing to the same PUCCH 
· [bookmark: OLE_LINK18]Case 1b: two DCIs pointing to the same PUCCH for different groups where at least the last DCI requests feedback for both PDSCH groups (q=1)
For case 1a, it is unreasonable for gNB to request feedback for two groups but set the Number of requested PDSCH group(s) = 0, because the gNB has the possibility to signal Number of requested PDSCH group(s) = 1 for the intended behavior without any ambiguity at the UE side. It should be clarified that UE does not expect to receive DCI formats scheduling different PDSCH groups with K1 values indicating the same PUCCH occasion and none of the DCI formats indicating Number of requested PDSCH group(s) =1. 
[image: ]
[bookmark: _Ref36388115]Figure 2 Illustration of Case 1b
Case 1b is a typical example as illustrated in Figure 2. For the case where more than 2 DCIs point to the same PUCCH transmission occasion, the following behaviours from the gNB should not be expected by the UE:
· A first DCI with q=1 followed by a second DCI with q=0
· Two DCIs with q=0 scheduling different PDSCHs groups
Besides, the UE assumes a same value of q, if any, and a same value of h(g), if any, in all DCI formats in the same PDCCH monitoring occasion m.
A corresponding TP is provided below.

TP#2 for TS 38.213 Clause 9.1.3.3
============================== Unchanged part omitted ===========================
If , the UE
includes only the first HARQ-ACK information for multiplexing in PUCCH transmission occasion 
elseif 
if g = 1
appends the first HARQ-ACK information to the second HARQ-ACK information for multiplexing in PUCCH transmission occasion 
else
append the second HARQ-ACK information to the first HARQ-ACK information for multiplexing in PUCCH transmission occasion 
end if
end if
A UE is not expected to generate HARQ-ACK information if the UE received a DCI format indicating Number of requested PDSCH group(s) = 0 after receiving another DCI format indicating Number of requested PDSCH group(s) = 1 where the two DCIs correspond to the same PUCCH transmission occasion.
A UE is not expected to generate HARQ-ACK information if the UE received two DCI formats indicating Number of requested PDSCH group(s) = 0 where the two DCI formats correspond to the same PUCCH transmission occasion and the two DCI formats indicated different values for the PDSCH group index field.
A UE is not expected to generate HARQ-ACK information if the UE received DCI formats on different cells in the same monitoring occasion if the DCI formats indicate different values of q or different values of h(g).
============================== Unchanged part omitted ===========================

Case 2: No NFI indication in the first DCI for one group
	Agreement:
If enhanced dynamic codebook is configured, for a PDSCH scheduled by DL DCI 1_0:
· NFI for group #0 is not signalled in DCI 1_0
· If the UE detects a DCI that indicates an NFI corresponding to group #0 since the last scheduled PUCCH that includes feedback for group #0 and before the PUCCH occasion that includes feedback corresponding to PDSCH scheduled with the DCI 1_0
· UE follows the indicated NFI (in DCI 1_1) to determine the codebook.



In the pseudo-code, in specification TS 38.213 16.1.0, the PDCCH monitoring occasion is counted from the first DCI that provides a toggled NFI indication:
 corresponds to a PDCCH monitoring occasion, where the UE detects a DCI format that provides a value of , that is the first PDCCH monitoring occasion after a PDCCH monitoring occasion where the UE detects another DCI format that provides a value different than 
 To capture the above agreement, the TP is provided as following:
TP#3 for TS 38.213 Clause 9.1.3.3
============================= Unchanged part omitted ============================
Set  to the value of a first New_Feedback indicator field, if any, in a DCI format providing a value of . If the DCI format schedules PDSCH reception and does not include a New_Feedback indicator field, set  to the value of the (first) New_Feedback indicator field in a following DCI format providing a same value of , if any, and providing a value of  indicating the same slot.

============================= Unchanged part omitted ============================
Power control (Issue A5)
The  definition for PUCCH power control is proposed in last meeting. In NR R15, for the case where  , if CBG based transmission is not configured, the UE determines a number of HARQ-ACK information bits  for obtaining a transmission power for a PUCCH as following:
[bookmark: _Ref37266615] (1)
While if CBG based transmission is configured,   with

(2)
In NR-U, since the DAI are accumulated within each PDSCH group, if HARQ-ACK feedback for both groups are requested, and , UE should determine the number of HARQ-ACK information bits for each group, separately. The TP is provided as following:
TP#4 for TS 38.213 Clause 9.1.3.3
============================= Unchanged part omitted ============================
If , the UE
includes only the first HARQ-ACK information for multiplexing in PUCCH transmission occasion 
elseif 
if g = 1
appends the first HARQ-ACK information to the second HARQ-ACK information for multiplexing in PUCCH transmission occasion 
else
append the second HARQ-ACK information to the first HARQ-ACK information for multiplexing in PUCCH transmission occasion 
end if
end if
If [image: ], the UE determines a number of HARQ-ACK information bits [image: ] for obtaining a transmission power for a PUCCH, as 
	
where 
·  is generated as described in Clause 9.1.3.1 for each group  separately.

============================= Unchanged part omitted ============================


Corrections on the Type-3 HARQ-ACK codebook
One-shot HARQ-ACK request without PDSCH scheduling (Issue B1)
FDRA value for DCI not scheduling PDSCH (Issue B1-1)
In last meeting, companies proposed to use all ‘0’ FDRA for resourceAllocationType0 and all ‘1’ FDRA for resourceAllocationType 1 with one-shot HARQ-ACK request field with value 1 in DCI Format 1_1 to signal one-shot HARQ-ACK request without scheduling PDSCH. Since all '0's for FDRA Type 0 and all '1's for FDRA Type 1 have been used for SPS release as well as for SCell dormancy indication, to avoid ambiguity among these cases, it should be clarified that in this case, the UE does not consider the DCI format as indicating an active DL BWP provided by dormant-BWP or by first-non-dormant-BWP-ID-for-DCI-inside-active-time, if any, and the validation for SPS release as described in Clause 10.2 is not achieved. The following TPs are provided:
TP#5 for TS 38.212 Clause 7.3.1.2.2
============================= Unchanged part omitted ============================
If all bits of frequency domain resource assignment are set to 0 for resource allocation type 0 or set to 1 for resource allocation type 1, and One-shot HARQ-ACK request = 0, if any, this field is reserved and the following fields among the fields above are used for SCell dormany indication, where each bit corresponds to one of the configured SCell(s), with MSB to LSB of the following fields concatenated in the order below corresponding to the SCell with lowest to highest SCell index 
============================= Unchanged part omitted ============================
TP#6 for TS 38.213 Clause 9.1.4
============================= Unchanged part omitted ============================
If the UE detects a DCI format that includes a One-shot HARQ-ACK request field with value 1, the UE determines a PUCCH or a PUSCH to multiplex a Type-3 HARQ-ACK codebook for transmission in a slot as described in Clause 9.2.5. 
If the UE detects a DCI format that includes a One-shot HARQ-ACK request field with value 1, and if
-	resourceAllocation = resourceAllocationType0 and all bits of the frequency domain resource assignment field in DCI format 1_1 are equal to 0, or
-	resourceAllocation = resourceAllocationType1 and all bits of the frequency domain resource assignment field in DCI format 1_1 are equal to 1, 
The UE considers that the DCI format does not schedule PDSCH reception. The UE multiplexes only the Type-3 HARQ-ACK codebook in the PUCCH or the PUSCH for transmission in the slot.
============================= Unchanged part omitted ============================
TP#7 for TS 38.213 Clause 10.2
============================= Unchanged part omitted ============================
Table 10.2-2: Special fields for single DL SPS or single UL grant Type 2 scheduling release PDCCH validation
	
	DCI format 0_0/0_1/0_2 
	DCI format 1_0/1_1/1_2

	HARQ process number
	set to all '0's/0_1/0_2
	set to all '0's

	Redundancy version
	set to all '0's
	set to all '0's

	Modulation and coding scheme
	set to all '1's
	set to all '1's

	Frequency domain resource assignment
	set to all '1's
	set to all '0's for FDRA Type 0 set to all '1's for FDRA Type 1

	One-shot HARQ-ACK request
	-
	Set to ‘0’ , if any



Table 10.2-4: Special fields for multiple DL SPS and UL grant Type 2 scheduling release PDCCH validation
	
	DCI format 0_0/0_1/0_2 
	DCI format 1_0/1_1/1_2

	Redundancy version
	set to all '0's
	set to all '0's

	Modulation and coding scheme
	set to all '1's
	set to all '1's

	Frequency domain resource assignment
	set to all '1's
	set to all '0's for FDRA Type 0 
set to all '1's for FDRA Type 1

	One-shot HARQ-ACK request
	-
	Set to ‘0’ , if any



============================= Unchanged part omitted ============================
TP#8 for TS 38.213 Clause 10.3
============================= Unchanged part omitted ============================
If a UE is provided search space sets to monitor PDCCH for detection of DCI format 1_1, and if
-	resourceAllocation = resourceAllocationType0 and all bits of the frequency domain resource assignment field in DCI format 1_1 are equal to 0, or
-	resourceAllocation = resourceAllocationType1 and all bits of the frequency domain resource assignment field in DCI format 1_1 are equal to 1, and
-	One-shot HARQ-ACK request is set to 0, if any

the UE considers the DCI format 1_1 as indicating an active DL BWP provided by dormant-BWP or by first-non-dormant-BWP-ID-for-DCI-inside-active-time for each activated SCell and interprets the sequence of fields of, for transport block 1 
============================= Unchanged part omitted ============================

Reference to slots for PUCCH transmissions (Issue B1-2)
Similar as SPS PDSCH release, when one-shot HARQ-ACK feedback is requested and no PDSCH is scheduled, then the PDCCH reception ending slot should be considered as the reference for PUCCH transmission. 
TP#9 for TS 38.213 Clause 9.2.3
============================= Unchanged part omitted ============================
With reference to slots for PUCCH transmissions, if the UE detects a DCI format scheduling a PDSCH reception ending in slot [image: ] or if the UE detects a DCI format indicating a SPS PDSCH release through a PDCCH reception ending in slot [image: ] or if the UE detects a DCI format indicating One-shot HARQ-ACK request with value 1 without scheduling PDSCH through a PDCCH reception ending in slot [image: ] , the UE provides corresponding HARQ-ACK information in a PUCCH transmission within slot [image: ], where [image: ] is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format, if present, or provided by dl-DataToUL-ACK, or by dl-DataToUL-ACKForDCIFormat1_2 for DCI format 1_2. [image: ] corresponds to the last slot of the PUCCH transmission that overlaps with the PDSCH reception or with the PDCCH reception in case of SPS PDSCH release. 
============================= Unchanged part omitted ============================
Spatial bundling for Type-3 HARQ-ACK codebook (Issue B2)
Considering the spatial bundling in Type-3 HARQ-ACK codebook, the following alternatives were discussed in last meeting.
· Alt1: spatial bundling is not applied to type-3 HARQ-ACK codebook even if harq-ACK-SpatialBundlingPUCCH is provided.
· Alt2: spatial bundling is applied to type-3 HARQ-ACK codebook when harq-ACK-SpatialBundlingPUCCH is provided, with AND operation for 2 TBs.
· Alt3: spatial bundling is applied to type-3 HARQ-ACK codebook when harq-ACK-SpatialBundlingPUCCH is provided, with AND operation for 2 TBs and with AND operation for 2 NDIs corresponding to the 2 TBs.
Since spatial bundling is not applicable for CBG-based HARQ-ACK reporting in R15, and overhead is not a key issue for Type-3 HARQ-ACK codebook, there is no strong motivation to enable the spatial bundling for Type-3 HARQ-ACK codebook. The following TP is provided:
TP#10 for TS 38.213 Clause 9.1.4
============================= Unchanged part omitted ============================
Set  to the value of maxNrofCodeWordsScheduledByDCI for serving cell.if harq-ACK-SpatialBundlingPUCCH is not applicable.provided; else, set 
============================= Unchanged part omitted ============================

Conclusion 
Based on the discussion, we have the following observation:
For the enhanced Type-2 HARQ-ACK codebook,
Observation 1: No correction is needed for issue A7.
Observation2: Corrections are needed for:
· Toggled NFI for the non-scheduled group (Issue A8): See TP#1
· Two DCIs pointing to the same PUCCH for different groups (Issue A9 Case 1): See TP#2
· No NFI indication in the first DCI for one group (Issue A9 Case 2): See TP#3
· The  definition for PUCCH power control (Issue A5): See TP#4
For the Type-3 HARQ-ACK codebook,
Observation3: Corrections are needed for:
· FDRA value for DCI not scheduling PDSCH (Issue B1-1): See TP#5, #6, #7, #8
· Reference to slots for PUCCH transmissions (Issue B1-2): See TP#9
· Spatial bundling for Type-3 HARQ-ACK codebook (Issue B2): See TP#10
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