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Introduction
In RAN1 #99, the following working assumptions and agreements were made for NR-U HARQ enhancements:
Agreement:
If a UE is configured to monitor feedback request for one-shot HARQ-ACK codebook feedback and the feedback is requested in DL DCI 1_1
· This DL DCI can either schedule or not schedule a PDSCH
· Working assumption: One value of the frequency domain resource assignment field indicates that this DCI does not schedule a PDSCH
· If the DL DCI does not schedule a PDSCH, the HARQ process ID and NDI fields are ignored by the UE
· If UE is triggered to report both one-shot and other HARQ-ACK feedback in the same slot, the UE reports only the one-shot feedback.
In this contribution, we discuss the open issues and texts proposals for NR-U HARQ enhancements.
Remaining issues
Non-numerical value for K1
Non-numerical value for K1 should be indicated only when the DCI format is used to schedule a PDSCH transmission or indicate SPS release. On the other hand, a UE is not expected to receive the non-numerical value for K1, when a DCI format 1_1 indicates one-shot HARQ-ACK codebook or group-based HAR-ACK codebook for two PDSCH groups.
Proposal 1: A UE is not expected to receive the non-numerical value for K1, when a DCI format 1_1 indicates one-shot HARQ-ACK codebook or group-based HAR-ACK codebook for two PDSCH groups.

The following limitation on PDSCH HARQ is specified in TS38.214:
“The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Subclause 9.2.3 of [6].”
If all configured HARQ processes are scheduled with non-numerical value for K1, UE cannot be triggered for group-based HARQ-ACK feedback by a DL DCI scheduling a PDSCH. Without one-shot HARQ-ACK feedback, the DL transmission may be interrupted. In order to avoid such case, we propose that a UE is not expected the case where all configured HARQ processes are assigned with non-numerical K1 at least when one-shot HARQ-ACK feedback is not configured. After the end of the expected PUCCH, gNB can reschedule a given HARQ process with numerical K1 even the DL grant of the given HARQ process is missed or LBT of PUCCH is not passed, as shown in Figure 1.


Figure 1: HARQ-ACK ordering for group-based feedback
Proposal 2: A UE is not expected the case where all configured HARQ processes are assigned with non-numerical K1 at least when one-shot HARQ-ACK feedback is not configured.
SPS PDSCH
Once enhanced type-2 HARQ-ACK codebook is configured, how to transmit the HARQ-ACK bit corresponding to SPS PDSCH has never been discussed. The main issues for SPS PDSCH include how to determine group ID, NFI and triggered group(s). Without explicit indication, group ID and triggered group(s) can be specified by a default mode. However, how to determine NFI for SPS PDSCH without ambiguity is a problem. A straightforward way is reusing Rel-15 mechanism for SPS PDSCH in Type-2 HARQ-ACK codebook as much as possible, i.e.:
· SPS PDSCH doesn’t have group ID.
· If only the HARQ-ACK bit corresponding to SPS PDSCH is transmitted in slot n, PUCCH format 0/1 is used. Unless using one-shot HARQ-ACK feedback, HARQ-ACK only for SPS PDSCH cannot be retransmitted.
· If other group-based HARQ-ACK bits collide with the HARQ-ACK bit corresponding to SPS PDSCH, all HARQ-ACK bits are multiplexing in one PUCCH, and the HARQ-ACK bit corresponding to SPS PDSCH is mapped to the end of HARQ-ACK codebook, as shown in Figure 2. Furthermore, if the multiplexed group-based HARQ-ACK is triggered for retransmission, the HARQ-ACK bit corresponding to SPS PDSCH should be simultaneously retransmitted.


Figure 2: Enhanced type-2 HARQ-ACK codebook with HARQ-ACK for SPS PDSCH
Proposal 3: Appending the HARQ-ACK bit corresponding to SPS PDSCH to the group-based HARQ-ACK bits in enhanced type-2 HARQ-ACK codebook.

One-shot HARQ-ACK feedback
The following issues for one-shot HARQ-ACK feedback do not have conclusions yet. 
(1). Multiplexing of HARQ-ACK for SPS release and HARQ-ACK for PDSCHs
One example is shown in Figure 3, a PDCCH providing SPS PDSCH release is received with corresponding HARQ-ACK bit transmitted in slot n, and one-shot HARQ-ACK feedback is requested in the same slot. In order to avoid the drop of the ACK for SPS PDSCH release, we propose that if a UE is triggered to report both one-shot and HARQ-ACK feedback for SPS PDSCH release in the same slot, the HARQ-ACK bit corresponding to the SPS PDSCH release is appended to the HARQ-ACK bits of all HARQ processes.
Proposal 4: If a UE is triggered to report both one-shot and HARQ-ACK feedback for SPS PDSCH release in the same slot, the HARQ-ACK bit corresponding to the SPS PDSCH release is appended to the HARQ-ACK bits of all HARQ processes.


Figure 3. A special case for one-shot HARQ-ACK feedback
(2). DTX/NACK-to-ACK error
The example is shown in Figure 4, a UE is correctly received TB1 with HARQ process X. Because of LBT failure, the ACK cannot be reported. Based on Rel-15 HARQ order, i.e. “The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process, where the timing is given by Clause 9.2.3 of [6]”, process X can be scheduled after slot n. If a new TB2 with HARQ process X after slot n is missed by the UE and one-shot HARQ-ACK feedback without NDI is requested, UE reports ACK for TB1 with HARQ process X. However, the excepted information by gNB is NACK for TB2. This will increase the probability of DTX/NACK-to-ACK. To resolve this problem, we proposal that the UE skips another PDSCH for a given HARQ process until after the end of the successful transmission of HARQ-ACK for that HARQ process.
Proposal 5: If a PDSCH for a given HARQ process is received, the UE skips another PDSCH for a given HARQ process until after the end of the successful transmission of HARQ-ACK for that HARQ process.


Figure 4. DTX-to-ACK error for one-shot feedback
(3). One-shot codebook
In last meeting, we had a leftover on the type3 codebook generation for the case where the UE has reported the HARQ-ACK for a PDSCH, and the UE was triggered to report one-shot HARQ-ACK feedback. But before the corresponding PUCCH occasion, the UE has detected another DCI format that schedules a PDSCH retransmission. This is a reasonable case, as the UE has reported the HARQ-ACK, the gNB might send a retransmission based on its decoding outcome. From the UE point of view, if the PDSCH is a retransmission, and if the UE has previously reported ACK, the UE will continue reporting ACK in type 3 codebook. But if the UE has previously reported NACK, the UE will report ACK or NACK based on the outcome of the decoding of the PDSCH retransmission. If the UE does not have enough processing time for PDSCH decoding before type 3 codebook generation, the UE shall report NACK. 
Proposal 6: To prepare the one-shot codebook, when UE has previously reported HARQ-ACK with a TB for a HARQ process number, if the UE has detected another DCI format scheduling a PDSCH with a TB for the same HARQ process number, and the UE does not have enough processing time for PDSCH decoding, the UE reports previously reported HARQ-ACK if the PDSCH is a retransmission; NACK, otherwise.
· Adopt TP1 into section 9.1.4 of TS 38.213.
---------------------------------------- Start of TP1 38.213 V16.1.0 section 9.1.4----------------------------------------
9.1.4	Type-3 HARQ-ACK codebook determination 
<Unchanged parts are 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  
while 
[image: ]
 
 
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
if UE has reported HARQ-ACK information for TB  for HARQ process number  on serving cell , and has subsequently detected a DCI format scheduling a PDSCH reception with NDI not toggled with TB  for HARQ process number  on serving cell  
while 
[image: ]= latest reported HARQ-ACK information bit for CBG  of TB  for HARQ process number  of serving cell 
 
 
end while
end if
if UE has reported HARQ-ACK information for TB  for HARQ process number  on serving cell , and has subsequently detected a DCI format scheduling a PDSCH reception with NDI toggled with TB  for HARQ process number  on serving cell  
while 
[image: ]
 
 
end while
end if
 
 
end while
<Unchanged parts are omitted>
------------------------------------------End of TP1 38.213 V16.1.0 section 9.1.4--------------------------------------------

DL DAI for CBG-based transmission
In Rel-15, separated C-DAI for CBG sub-codebook is indicated in UL DCI format 0_1 when CBG-based transmission is configured. The same method should be supported by Rel-16 DCI format 1_1 to separately indicate the C-DAI for the first sub-codebook and the second sub-codebook of non-scheduled PDSCH group.
Proposal 7: Two C-DAIs for TB sub-codebook and CBG sub-codebook of the non-scheduled PDSCH group can be configured in DCI format 1_1.

UCI multiplexing in one of multiple PUSCHs scheduled by one DCI
In order to increase the probability of successful transmission of UCI, if a PUCCH overlaps with one of multiple PUSCHs scheduled by one DCI, the UCI should be piggybacked into the last one of the multiple PUSCHs. The HARQ-ACK codebook is not changed. Furthermore, if multiple PUCCHs for HARQ-ACK overlap with the multiple PUSCHs, multiple HARQ-ACK codebooks are concatenated based the time sequence of multiple PUCCHs, as shown in Figure 5.


Figure 5. UCI multiplexing in one of multiple PUSCHs scheduled by one DCI
Proposal 8: If a PUCCH overlaps with one of multiple PUSCHs scheduled by one DCI, the UCI should be piggybacked into the last one of the multiple PUSCHs. HARQ-ACK codebook is not changed.
Proposal 9: If multiple PUCCHs for HARQ-ACK overlap with multiple PUSCHs scheduled by one DCI, multiple HARQ-ACK codebooks are concatenated based the time sequence of multiple PUCCHs.

DCI format 1_1 for one-shot HARQ-ACK feedback
Confirm the working assumptions about DCI format 1_1 indicates one-shot HARQ-ACK feedback without PDSCH scheduling:
· One value of the frequency domain resource assignment field indicates that this DCI does not schedule a PDSCH
Proposal 10: When one-shot HARQ-ACK feedback is indicated by DCI format 1_1, one value of the frequency domain resource assignment field indicates no PDSCH transmission.

Text Proposal
Type-3 HARQ-ACK codebook
When harq-ACK-SpatialBundlingPUCCH is configured, the procedure of Type-3 HARQ-ACK codebook determination is absent in current specification. The following TP should be adopted in TS38.213.
Proposal 11: Adopt TP2 for the procedure of Type-3 HARQ-ACK codebook determination when harq-ACK-SpatialBundlingPUCCH is configured.
---------------------------------------- Start of TP2 38.213 V16.1.0 section 9.1.4----------------------------------------
9.1.4	Type-3 HARQ-ACK codebook determination 
<Unchanged parts are omitted>
Set  – serving cell index
Set  – HARQ process number
Set  – TB index
Set  – CBG index
Set 
while 
while 
if 
if 
while 
while 
[image: ]= HARQ-ACK information bit for CBG  of TB  for HARQ process number  of serving cell 
 
 
end while
[image: ]= NDI value indicated in the DCI format corresponding to the HARQ-ACK information bit(s) for TB  for HARQ process number  on serving cell , if any; else, [image: ]
 
 
 
end while
else
while 
if harq-ACK-SpatialBundlingPUCCH is not provided
[image: ]= HARQ-ACK information bit for TB  for HARQ process  of serving cell 
 
[image: ]= NDI value indicated in the DCI format corresponding to the HARQ-ACK information bit(s) for TB  for HARQ process number  on serving cell , if any; else, [image: ]
 
 
else
[image: ]= binary AND operation of the HARQ-ACK information bits corresponding to first and second transport blocks for HARQ process  of serving cell  - if the UE receives one transport block, the UE assumes ACK for the second transport block;
 
[image: ]= last NDI value for first transport block for HARQ process number  on serving cell , if any; else, [image: ]
 
[image: ]= last NDI value for second transport block  for HARQ process number  on serving cell , if any; else, [image: ]
 
 
end if
end while
end if
 
else
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  
while 
[image: ]
 
 
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 
[bookmark: _Hlk36468040][image: ]= NACK
 
 
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
if harq-ACK-SpatialBundlingPUCCH is not provided
[image: ]= HARQ-ACK information bit for TB  for HARQ process  of serving cell 
 
else
[image: ]= binary AND operation of the HARQ-ACK information bits corresponding to first and second transport blocks for HARQ process  of serving cell  - if the UE receives one transport block, the UE assumes ACK for the second transport block;

end if
 
 end if
end while
end if
 
end if
 
end while
 
 
end while
------------------------------------------End of TP2 38.213 V16.1.0 section 9.1.4--------------------------------------------

HARQ-ACK timing for one-shot HARQ-ACK feedback
The procedure for determining the slot to transmit Type-3 HARQ-ACK codebook is not described in current spec.
Proposal 12: Adopt TP3 for determining the slot to transmit Type-3 HARQ-ACK codebook.
[bookmark: _Ref500241945][bookmark: _Toc12021478][bookmark: _Toc20311590][bookmark: _Toc26719415][bookmark: _Toc29894850][bookmark: _Toc29899149][bookmark: _Toc29899567][bookmark: _Toc29917304]----------------------------------------Start of TP3 38.213 V16.1.0 section 9.2.3 ---------------------------------------------9.2.3	UE procedure for reporting HARQ-ACK
<Unchanged parts are 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 including a One-shot HARQ-ACK request field with value 1 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. 
------------------------------------------End of TP3 38.213 V16.1.0 section 9.2.3 --------------------------------------------

The number of requested PDSCH groups
When the number of request PDSCH group(s) field is not included in a DCI, only the scheduled PDSCH group is requested for Type-2 HARQ-ACK feedback.
Proposal 13: Adopt TP4 for determining the triggered group when the number of request PDSCH group(s) field is not included in a DCI.
[bookmark: _Toc29894845][bookmark: _Toc29899144][bookmark: _Toc29899562][bookmark: _Toc29917299]----------------------------------------Start of TP4 38.213 V16.1.0 section 9.1.3.3--------------------------------------------9.1.3.3	Type-2 HARQ-ACK codebook grouping and HARQ-ACK retransmission
If a UE is provided pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16, the UE determines HARQ-ACK information for multiplexing in a PUCCH transmission occasion according to the following procedure. 
Set  to the value of a PDSCH_group indicator field in a DCI format. If the DCI format schedules PDSCH reception or indicates SPS PDSCH release and does not include a PDSCH_group indicator field, set .
Set  to denote a PUCCH transmission occasion for multiplexing HARQ-ACK information 
Set  to the value of a PDSCH-to-HARQ_feedback timing field, if any, in a DCI format providing a value of . If the DCI format does not include a PDSCH-to-HARQ_feedback timing field, set  to the value provided by dl-DataToUL-ACK
Set  to the value of a first New_Feedback indicator field, if any, in a DCI format providing a value of 
Set  to a value of a second New_Feedback indicator field, if any, in a DCI format providing a value of 
Set  to the value of a total DAI field, if any, in a DCI format providing a value of 
Set  to the value of a Number of requested PDSCH group(s)HARQ-ACK information request field, if any. If the DCI format schedules PDSCH reception or indicates SPS PDSCH release and does not include a Number of requested PDSCH group(s) field, set .
Generate first HARQ-ACK information for PUCCH transmission occasion  in a slot, as described in Clause 9.1.3.1, where
-	the first HARQ-ACK information corresponds only to detections of DCI formats each providing a same value of , of , if any, and at least one of the DCI formats providing a value of  indicating the slot
-	at least one of the DCI formats provides a  value
-	 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 
----------------------------------------End of TP4 38.213 V16.1.0 section 9.1.3.3--------------------------------------------

Processing time of one-shot HARQ feedback trigger without PDSCH 
In the RAN1 meeting #99, the following agreements were achieved:
	Agreement:
If a UE is configured to monitor feedback request for one-shot HARQ-ACK codebook feedback and the feedback is requested in DL DCI 1_1
· This DL DCI can either schedule or not schedule a PDSCH
· Working assumption: One value of the frequency domain resource assignment field indicates that this DCI does not schedule a PDSCH
· If the DL DCI does not schedule a PDSCH, the HARQ process ID and NDI fields are ignored by the UE
· If UE is triggered to report both one-shot and other HARQ-ACK feedback in the same slot, the UE reports only the one-shot feedback.




According to the agreements, a DL DCI which triggers one-shot HARQ-ACK codebook feedback can either schedule or not schedule a PDSCH. If the DL DCI schedules a PDSCH, current PDSCH processing timeshould be fulfilled. However, how to determine the processing time if the DL DCI not schedule a PDSCH is not discussed. This DCI reception only to trigger HARQ-ACK feedback case is similar to HARQ-ACK feedback in response to a SPS PDSCH release, hence, the processing time for a SPS PDSCH release can be reused.  
Proposal 14: Reuse the processing time of a SPS PDSCH release for the case that a DL DCI triggers one-shot HARQ-ACK feedback without scheduling a PDSCH.
· Adopt TP5 into section 9.1.4 of TS 38.213.
---------------------------------------- Start of TP5 38.213 V16.1.0 section 9.1.4 --------------------------------------------
9.1.4   Type-3 HARQ-ACK codebook determination
<Unchanged parts are 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. The UE multiplexes only the Type-3 HARQ-ACK codebook in the PUCCH or the PUSCH for transmission in the slot.
A UE is expected to provide a Type-3 HARQ-ACK codebook in response to a DCI that includes a One-shot HARQ-ACK request field with value 1 and not schedule a PDSCH after [image: ] symbols from the last symbol of a PDCCH providing the DCI. For UE processing capability 1 [TS 38.214] and for the SCS of the PDCCH reception, [image: ] for 15kHz, [image: ] for 30kHz, [image: ] for 60kHz, and [image: ] for 120 kHz. For a UE with capability 2 [TS 38.214] and for the SCS of the PDCCH reception, [image: ] for 15 kHz, [image: ] for 30 kHz, and [image: ] for 60 kHz.
----------------------------------------End of TP5 38.213 V16.1.0 section 9.1.4 --------------------------------------------
Multiplexing timeline
The UCI multiplexing timeline based on DCI triggering one-shot feedback is not included in current spec.
Proposal 15: Adopt TP6 for UCI multiplexing timeline based on DCI triggering one-shot feedback.
[bookmark: _Toc12021480][bookmark: _Toc20311592][bookmark: _Toc26719417][bookmark: _Toc29894852][bookmark: _Toc29899151][bookmark: _Toc29899569][bookmark: _Toc29917306]----------------------------------------Start of TP6 38.213 V16.1.0 section 9.2.5 ---------------------------------------------9.2.5	UE procedure for reporting multiple UCI types
<Unchanged parts are omitted>
If a UE would transmit multiple overlapping PUCCHs in a slot or overlapping PUCCH(s) and PUSCH(s) in a slot and, when applicable as described in Clauses 9.2.5.1 and 9.2.5.2, the UE is configured to multiplex different UCI types in one PUCCH, and at least one of the multiple overlapping PUCCHs or PUSCHs is in response to a DCI format detection by the UE, the UE multiplexes all corresponding UCI types if the following conditions are met. If one of the PUCCH transmissions or PUSCH transmissions is in response to a DCI format detection by the UE, the UE expects that the first symbol [image: ] of the earliest PUCCH or PUSCH, among a group overlapping PUCCHs and PUSCHs in the slot, satisfies the following timeline conditions
-	[image: ] is not before a symbol with CP starting after  after a last symbol of any corresponding PDSCH,  is given by maximum of  where for the i-th PDSCH with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs and PUSCHs, ,  is selected for the i-th PDSCH following [6, TS 38.214],  is selected based on the UE PDSCH processing capability of the i-th PDSCH and SCS configuration , where  corresponds to the smallest SCS configuration among the SCS configurations used for the PDCCH scheduling the i-th PDSCH (if any), the i-th PDSCH, the PUCCH with corresponding HARQ-ACK transmission for i-th PDSCH, and all PUSCHs in the group of overlapping PUCCHs and PUSCHs. 
-	[image: ] is not before a symbol with CP starting after  after a last symbol of any corresponding SPS PDSCH release or of a DCI format 1_1 indicating SCell dormancy as described in Clause 10.3 or of a DCI format including a One-shot HARQ-ACK request field with value 1.  is given by maximum of  where for the i-th PDCCH providing the SPS PDSCH release or the DCI format 1_1 or a DCI format including a One-shot HARQ-ACK request field with value 1 with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs and PUSCHs, ,  is described in Clause 10.2 and is selected based on the UE PDSCH processing capability of the i-th SPS PDSCH release or the DCI format 1_1 or a DCI format including a One-shot HARQ-ACK request field with value 1 and SCS configuration , where  corresponds to the smallest SCS configuration among the SCS configurations used for the PDCCH providing the i-th SPS PDSCH release or a DCI format including a One-shot HARQ-ACK request field with value 1, the PUCCH with corresponding HARQ-ACK transmission for i-th SPS PDSCH release or the DCI format 1_1 or a DCI format including a One-shot HARQ-ACK request field with value 1, and all PUSCHs in the group of overlapping PUCCHs and PUSCHs.
-	if there is no aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHs, [image: ] is not before a symbol with CP starting after  after a last symbol of 
-	any PDCCH with the DCI format scheduling an overlapping PUSCH, and 
-	any PDCCH scheduling a PDSCH or SPS PDSCH release or a DCI format including a One-shot HARQ-ACK request field with value 1 with corresponding HARQ-ACK information in an overlapping PUCCH in the slot
If there is at least one PUSCH in the group of overlapping PUCCHs and PUSCHs, is given by maximum of  where for the i-th PUSCH which is in the group of overlapping PUCCHs and PUSCHs, , and are selected for the i-th PUSCH following [6, TS 38.214],  is selected based on the UE PUSCH processing capability of the i-th PUSCH and SCS configuration , where  corresponds to the smallest SCS configuration among the SCS configurations used for the PDCCH scheduling the i-th PUSCH (if any), the PDCCHs scheduling the PDSCHs with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs/PUSCHs, and all PUSCHs in the group of overlapping PUCCHs and PUSCHs.
If there is no PUSCH in the group of overlapping PUCCHs and PUSCHs, is given by maximum of  where for the i-th PDSCH with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs, , is selected based on the UE PUSCH processing capability of the PUCCH serving cell if configured.   is selected based on the UE PUSCH processing capability 1, if PUSCH processing capability is not configured for the PUCCH serving cell.  is selected based on the smallest SCS configuration between the SCS configuration used for the PDCCH scheduling the i-th PDSCH (if any) with corresponding HARQ-ACK transmission on a PUCCH which is in the group of overlapping PUCCHs, and the SCS configuration for the PUCCH serving cell.
-	if there is an aperiodic CSI report multiplexed in a PUSCH in the group of overlapping PUCCHs and PUSCHs, [image: ] is not before a symbol with CP starting after [image: ] after a last symbol of 
-	any PDCCH with the DCI format scheduling an overlapping PUSCH, and
-	any PDCCH scheduling a PDSCH, or SPS PDSCH release, or providing a DCI format 1_1 indicating SCell dormancy, or a DCI format including a One-shot HARQ-ACK request field with value 1 with corresponding HARQ-ACK information in an overlapping PUCCH in the slot
where [image: ] corresponds to the smallest SCS configuration among the SCS configuration of the PDCCHs, the smallest SCS configuration for the group of the overlapping PUSCHs, and the smallest SCS configuration of CSI-RS associated with the DCI format scheduling the PUSCH with the multiplexed aperiodic CSI report, and [image: ] for [image: ], [image: ] for [image: ] and [image: ] for [image: ]
-	[image: ], [image: ], [image: ], [image: ], [image: ], and [image: ] are defined in [6, TS 38.214], and [image: ] and [image: ] are defined in [4, TS 38.211]. 
----------------------------------------End of TP6 38.213 V16.1.0 section 9.2.5 ----------------------------------------------
The timeline for UCI piggybacked on PUSCH
In Rel-15, the PDSCH/PDCCH received after a UL grant, the corresponding HARQ-ACK cannot be indicated to the slot for PUSCH transmission. Such limitation should also be supported for the DCI triggering one-shot HARQ-ACK feedback.
Proposal 16: Adopt TP7 for type-3 HARQ-ACK codebook piggybacked on PUSCH.
[bookmark: _Toc12021466][bookmark: _Toc20311578][bookmark: _Toc26719403][bookmark: _Toc29894836][bookmark: _Toc29899135][bookmark: _Toc29899553][bookmark: _Toc29917290][bookmark: _Toc36498164]---------------------------------------------Start of TP7 38.213 V16.1.0 section 9---------------------------------------------9	UE procedure for reporting control information
<Unchanged parts are omitted>
A UE does not expect to detect a DCI format scheduling a PDSCH reception or a SPS PDSCH release or a DCI format including a One-shot HARQ-ACK request field with value 1 and indicating a resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot if the UE previously detects a DCI format scheduling a PUSCH transmission in the slot and if the UE multiplexes HARQ-ACK information in the PUSCH transmission. 
----------------------------------------------End of TP7 38.213 V16.1.0 section 9---------------------------------------------
The DCI triggering the HARQ-ACK for the DCI with a non-numerical K1
Based on the current desorption in TS38.213, the HARQ-ACK corresponding to the first DCI with a non-numerical K1 will be triggered by multiple DCIs transmitted after the first DCI. One example is shown in Figure 6, both DCI 2 and DCI 3 are transmitted after DCI and indicating different PUCCH resource, and HARQ-ACK corresponding to DCI 1 is transmitted in both PUCCH 1 and PUCCH 2. The worst case is that for type-2 HARQ-ACK codebook, the HARQ-ACK for the DCI with a non-numerical K1 cannot be flushed, and will be multiplexed into the all of the subsequent PUCCHs.
Proposal 17: Adopt TP8 for determining the DCI triggering the HARQ-ACK for the DCI with a non-numerical K1.


Figure 6. The first DCI with non-numerical K1 will be triggered by multiple DCIs

---------------------------------------------Start of TP8 38.213 V16.1.0 section 9---------------------------------------------
[bookmark: _Ref497329141][bookmark: _Toc12021472][bookmark: _Toc20311584][bookmark: _Toc26719409][bookmark: _Toc29894842][bookmark: _Toc29899141][bookmark: _Toc29899559][bookmark: _Toc29917296][bookmark: _Toc36498170]9.1.3	Type-2 HARQ-ACK codebook determination 
This clause applies if the UE is configured with pdsch-HARQ-ACK-Codebook = dynamic or with pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16. Unless stated otherwise, a PDSCH-to-HARQ_feedback timing indicator field provides an applicable value.
If a UE receives a first PDSCH scheduled by a first DCI format that the UE detects in a first PDCCH monitoring occasion and includes a PDSCH-to-HARQ_feedback timing indicator field providing an inapplicable value from dl-DataToUL-ACK, 
-	if the UE detects a second DCI format, the UE multiplexes the corresponding HARQ-ACK information in a PUCCH or PUSCH transmission in a slot that is indicated by a value of a PDSCH-to-HARQ_feedback timing indicator field in the second DCI format, where
-	if the UE is not provided pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16, the second DCI format is the earliest DCI format detected by the UE detects the second DCI format in any PDCCH monitoring occasion after the first one
-	if the UE is provided pdsch-HARQ-ACK-Codebook = enhancedDynamic-r16, the second DCI format is the earliest DCI format detected by the UE detects the second DCI format in any PDCCH monitoring occasion after the first one, and the second DCI format indicates a HARQ-ACK information report for a same PDSCH group index as indicated by the first DCI format as described in Clause 9.1.3.3 
-	if the UE is provided pdsch-HARQ-ACK-OneShotFeedback-r16, the second DCI format is the earliest DCI format detected by the UE detects the second DCI format in any PDCCH monitoring occasion after the first one, and the second DCI format includes a One-shot HARQ-ACK request field with value 1, the UE includes the HARQ-ACK information in a Type-3 HARQ-ACK codebook, as described in Clause 9.1.4.
-	otherwise, the UE does not multiplex the corresponding HARQ-ACK information in a PUCCH or PUSCH transmission. 
----------------------------------------------End of TP8 38.213 V16.1.0 section 9---------------------------------------------

Conclusions
In this contribution, we show our views on the open issues and text proposals for NR-U HARQ enhancements. The text proposals are provided in section 3 and the proposals include:
Proposal 1: A UE is not expected to receive the non-numerical value for K1, when a DCI format 1_1 indicates one-shot HARQ-ACK codebook or group-based HAR-ACK codebook for two PDSCH groups.
Proposal 2: A UE is not expected the case where all configured HARQ processes are assigned with non-numerical K1 at least when one-shot HARQ-ACK feedback is not configured.
Proposal 3: Appending the HARQ-ACK bit corresponding to SPS PDSCH to the group-based HARQ-ACK bits in enhanced type-2 HARQ-ACK codebook.
Proposal 4: If a UE is triggered to report both one-shot and HARQ-ACK feedback for SPS PDSCH release in the same slot, the HARQ-ACK bit corresponding to the SPS PDSCH release is appended to the HARQ-ACK bits of all HARQ processes.
Proposal 5: If a PDSCH for a given HARQ process is received, the UE skips another PDSCH for a given HARQ process until after the end of the successful transmission of HARQ-ACK for that HARQ process.
Proposal 6: To prepare the one-shot codebook, when UE has previously reported HARQ-ACK with a TB for a HARQ process number, if the UE has detected another DCI format scheduling a PDSCH with a TB for the same HARQ process number, and the UE does not have enough processing time for PDSCH decoding, the UE reports previously reported HARQ-ACK if the PDSCH is a retransmission; NACK, otherwise.
· Adopt TP1 into section 9.1.4 of TS 38.213.
Proposal 7: Two C-DAIs for TB sub-codebook and CBG sub-codebook of the non-scheduled PDSCH group can be configured in DCI format 1_1.
Proposal 8: If a PUCCH overlaps with one of multiple PUSCHs scheduled by one DCI, the UCI should be piggybacked into the last one of the multiple PUSCHs. HARQ-ACK codebook is not changed.
Proposal 9: If multiple PUCCHs for HARQ-ACK overlap with multiple PUSCHs scheduled by one DCI, multiple HARQ-ACK codebooks are concatenated based the time sequence of multiple PUCCHs.
Proposal 10: When one-shot HARQ-ACK feedback is indicated by DCI format 1_1, one value of the frequency domain resource assignment field indicates no PDSCH transmission.
Proposal 11: Adopt TP2 for the procedure of Type-3 HARQ-ACK codebook determination when harq-ACK-SpatialBundlingPUCCH is configured.
Proposal 12: Adopt TP3 for determining the slot to transmit Type-3 HARQ-ACK codebook.
Proposal 13: Adopt TP4 for determining the triggered group when the number of request PDSCH group(s) field is not included in a DCI.
Proposal 14: Reuse the processing time of a SPS PDSCH release for the case that a DL DCI triggers one-shot HARQ-ACK feedback without scheduling a PDSCH.
· Adopt TP5 into section 9.1.4 of TS 38.213.
Proposal 15: Adopt TP6 for UCI multiplexing timeline based on DCI triggering one-shot feedback.
[bookmark: _GoBack]Proposal 16: Adopt TP7 for type-3 HARQ-ACK codebook piggybacked on PUSCH.
Proposal 17: Adopt TP8 for determining the DCI triggering the HARQ-ACK for the DCI with a non-numerical K1.
References
[1] R1-2000472, “Discussion on the remaining issues of HARQ enhancements”, OPPO.
[2] 3GPP TS 38.213 Physical layer procedures for control, V16.1.0 (2020-03)
image3.emf
HARQ-ACK for group 0 HARQ-ACK for group 1

HARQ-ACK 

for SPS

Enhanced type-2 HARQ-ACK codebook


Microsoft_Visio___2.vsdx
HARQ-ACK for group 0
HARQ-ACK for group 1
HARQ-ACK for SPS
Enhanced type-2 HARQ-ACK codebook



image4.emf
…… 

Type-3  CB

Slot

PDSCH

HARQ X

PDSCH

HARQ Y

PDSCH

HARQ Z

SPS 

release

PDCCH

PDSCH PUCCH

Type-2 

CB


Microsoft_Visio___3.vsdx
……
Type-3  CB
Slot
PDSCH
HARQ X
PDSCH
HARQ Y
PDSCH
HARQ Z
SPS release

PDCCH

PDSCH

PUCCH
Type-2 CB



image5.emf
ACK

×

×

PDSCH

TB1，HARQ X

PDSCH

TB2，HARQ X

ACK is 

reported in 

Type-3 CB

Slot n


Microsoft_Visio___4.vsdx
ACK
×
×
PDSCH
TB1，HARQ X
PDSCH
TB2，HARQ X
ACK is reported in Type-3 CB
Slot n



image6.wmf
NACK

~

=

ACK

j

o


image7.wmf
ACK

j

o

~


image8.emf
PUSCH 1 PUSCH 2 PUSCH 3

PUCCH 1 PUCCH 2

HARQ-ACK codebook of PUCCH 1 HARQ-ACK codebook of PUCCH 2

PUSCH 4

Slot


Microsoft_Visio___5.vsdx
PUSCH 1
PUSCH 2
PUSCH 3
PUCCH 1
PUCCH 2
HARQ-ACK codebook of PUCCH 1
HARQ-ACK codebook of PUCCH 2

PUSCH 4
Slot



image9.wmf
0

~

=

ACK

j

o


image10.wmf
0

~

=

ACK

j

o


image11.wmf
n


image12.wmf
k

n

+


image13.wmf
k


image14.wmf
0

=

k


image15.wmf
,1

proc

T


oleObject1.bin

image16.wmf
N


image17.wmf
10

=

N


image18.wmf
12

=

N


image19.wmf
22

=

N


image20.wmf
25

=

N


image21.wmf
5

=

N


image22.wmf
5

.

5

=

N


image23.wmf
11

=

N


image24.wmf
0

S


image25.wmf
0

S


image26.wmf
(

)

(

)

(

)

2

,

2

mux

CSI

proc,

,

2

144

2048

max

d

T

d

Z

T

C

×

×

×

+

×

+

=

-

m

k


image27.wmf
m


image28.wmf
2

=

d


image29.wmf
1

,

0

=

m


image30.wmf
3

=

d


image31.wmf
2

=

m


image32.wmf
4

=

d


image33.wmf
3

=

m


image34.wmf
1

N


image35.wmf
2

N


image36.wmf
1

,

1

d


image37.wmf
1

,

2

d


image38.wmf
2

,

2

d


image39.wmf
Z


image40.wmf
k


image41.wmf
C

T


image42.emf
DCI 1 with a 

non-numerical 

K1

time

DCI 2 with a 

numerical K1

DCI 3 with a 

numerical K1

PUCCH 1

(A/N for DCI 1)

PUCCH 2

(A/N for DCI 1)


Microsoft_Visio___6.vsdx
DCI 1 with a non-numerical K1
time
DCI 2 with a numerical K1
DCI 3 with a numerical K1
PUCCH 1
(A/N for DCI 1)
PUCCH 2
(A/N for DCI 1)



image2.emf
×

HARQ process X

Non-numerical K1

time

HARQ process Y

non-numerical K1

HARQ process Z

numerical K1

PUCC

H

×

HARQ process Z

numerical K1

PUCC

H

L

B

T

×

HARQ process Z

numerical K1


Microsoft_Visio___1.vsdx
×
HARQ process X
Non-numerical K1
time
HARQ process Y
non-numerical K1
HARQ process Z
numerical K1
PUCCH
×
HARQ process Z
numerical K1
PUCCH
LBT
×
HARQ process Z
numerical K1



