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Introduction
In RAN1 #98bis, the following agreements were made for NR-U HARQ enhancement:
Agreement:
· For enhanced dynamic HARQ codebook with single or multiple configured DL cells, 
· NFI is indicated in non-fallback DCI scheduling PDSCH for the scheduled group
· T-DAI is indicated in non-fallback DCI scheduling PDSCH for the scheduled group if more than one DL cell is configured
· Indication of NFI and T-DAI in non-fallback DCI for the non-scheduled group with single or multiple configured DL cells can be configured by RRC.
Agreement:
If the DCI is received that toggles the NFI for a PDSCH group, then the UE 
· Discards the HARQ-ACK feedback for the PDSCH(s) in that PDSCH group including the PDSCH(s) that were associated with a non-numerical K1 value.
· Note: HARQ-ACK feedback for PDSCH(s) scheduled in this DCI are not discarded.
· The UE expects the DAI values for the PDSCH group to be reset.
Agreement:
If enhanced dynamic codebook is configured, for a PDSCH scheduled by DL DCI 1_0:
· UE reports HARQ-ACK feedback for the corresponding PDSCH as part of the PDSCH group #0
· FFS: whether/how to define a rule for UE to determine NFI if NFI is not explicitly signalled
· The fallback DCI does not support signalling a non-numerical value of K1
· FFS: Whether NFI is introduced in DCI 1_0 for the purpose of enhanced dynamic HARQ codebook operation
Agreement:
Support requesting feedback of a HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback) for all CCs configured for a UE in the PUCCH group.
· One-shot feedback should be configurable separately from the configuration of semi-static(including any potential enhancements)/non-enhanced dynamic HARQ codebook
· FFS: Simultaneous configuration of enhanced dynamic codebook and one-shot feedback
Agreement:
If a UE is configured to monitor feedback request of a HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback):
· The feedback can only be requested in a UE-specific DCI
· The feedback can be requested for reporting in PUCCH (As per Rel-15 behaviour, the feedback can be piggybacked on PUSCH)
Agreement:
If enhanced dynamic codebook is configured, the presence of UL DAI for an additional PDSCH group in the non-fallback DCI can be configured by RRC signalling. 
· FFS: If there is UL DAI configured to be present in the non-fallback DCI for only one group, to which group this UL DAI applies
In this contribution, we discuss the open issues of HARQ enhancements for NR-U.
Discussion 
(1). Non-fallback DCI triggering group-based HARQ-ACK feedback
It was agreed that the indication of NFI and T-DAI for the non-scheduled group is configured by RRC. When HARQ-ACK feedback for two PDSCH groups is triggered, and no T-DAI for the non-scheduled group is indicated, ambiguities on the total number of UCI bits and the mapping of HARQ-ACK bits may exist when at least one last DL grant in one PDSCH group is missed. In order to reduce the impact caused by DL grant missing, the following mechanism can be considered:
· Mechanism 1: The indication of triggered groups in DCI can be RRC configured.
Two PDSCH groups are always supported when group-based feedback is configured. However, RRC can configured whether the indication of triggered group(s) is supported in DCI. For example, the indication of trigger group can be configured together with NFI and T-DAI for the non-scheduled group. Without the indication of triggered group(s), only the scheduled group can be triggered by DL grant. An additional benefit for this mechanism is DCI overhead reduction.
· Mechanism 2: If the indication of NFI and T-DAI for the non-scheduled group is not configured and HARQ-ACK feedback for two PDSCH groups is triggered, one-shot feedback is used. 
For this mechanism, one-shot feedback can be configured together with enhanced dynamic HARQ codebook should be firstly supported.
Proposal 1: For enhanced dynamic HARQ codebook, the indication of triggered groups in DCI can be RRC configured.
Proposal 2: One-shot feedback can be configured together with enhanced dynamic HARQ codebook.
Proposal 3: If NFI and T-DAI for the non-scheduled group is not configured and HARQ-ACK feedback for two PDSCH groups is triggered by one DCI, one-shot feedback is used. 

(2). Fallback DCI
Only the PDSCH group #0 can be triggered for HARQ-ACK feedback by the fallback DCI. To guarantee the reliability of fallback DCI, the configurable NFI field is not supported. Considering group-based HARQ-ACK feedback is a UE capability, NFI always contained in fallback DCI is not reasonable. Therefore, NFI should not be introduced in fallback DCI. Without explicit NFI in fallback DCI, NFI is not toggled unless certain conditions are satisfied, for example:
· The value of DAI equals to 1; and
· A given HARQ process ID scheduled by an earlier DCI in group #0 is rescheduled by the fallback DCI.
Proposal 4: NFI is not traduced in fallback DCI.
Proposal 5: For the fallback DCI, NFI is not toggled unless a given HARQ process ID scheduled in group #0 is rescheduled with DAI=1.

(3). UL DAI
When group-based HARQ-ACK feedback is configured and UL DAI for an additional PDSCH group is not configured, the following approach for determining the group indicated by UL DAI should be considered:
· Case 1: If T-DAI for non-scheduled group is not configured in DL grant, UL DAI is used to indicate the total number of PDSCHs in the group not scheduled by the triggering DL grant. UL DAI is used to avoid the ambiguity caused by the missing of PDSCH(s) in non-scheduled group.
· Case 2: If T-DAI for non-scheduled group is configured in DL grant, UL DAI is used to indicate the total number of PDSCHs in the group scheduled by the triggering DL grant. UL DAI is used to avoid the ambiguity caused the missing of the last PDSCHs in scheduled group.
Proposal 6: If UL DAI for an additional PDSCH group is not configured,
· If T-DAI for non-scheduled group are not configured, UL DAI is used to indicate the total number of PDSCHs in the group not scheduled by the triggering DL grant; 
· Otherwise, UL DAI is used to indicate the total number of PDSCHs in the group scheduled by the triggering DL grant.



Figure 1. Determination of the group indicated by UL DAI

(4). NFI
Figure 2 shows a special case that a toggled NFI is received before the transmission of previously triggered HARQ-ACK. UE behavior for such case has not been considered. 
· Alt.1: A UE does not expect to receive a toggled NFI for a group before the transmission of previously triggered HARQ-ACK feedback.
· Alt.2: A UE discards the HARQ-ACK feedback for the group, but the previously triggered PUCCH is still transmitted.
· Alt.3: A UE discards the transmission of PUCCH if certain timeline can be satisfied.
We slight prefer Alt.1 for the less impact on specification.


Figure 2. A toggled NFI is received before the transmission of triggered HARQ-ACK
Proposal 7: A UE does not expect to receive a toggled NFI for a group before the transmission of previously triggered HARQ-ACK feedback.

(5). One-shot HARQ-ACK feedback
The following alternatives can be considered for triggering one-shot HARQ-ACK feedback:
· Alt.1: A UE-specific DL grant
· Alt.1-1: An explicit bit in DL grant is used to trigger one-shot feedback.
· Alt.1-2: For enhanced dynamic HARQ codebook, if NFI and T-DAI for the non-scheduled group is not configured and HARQ-ACK feedback for two PDSCH groups is triggered by one DCI, one-shot feedback is used.
· Alt.2: A UE-specific UL grant. 
An explicit bit in DL grant is used to trigger one-shot feedback. Once HARQ-ACK is triggered by a UL grant scheduling a PUSCH, the triggered HARQ-ACK bits should be multiplexed in the PUSCH and the timing for HARQ-ACK transmission is determined based on K2. 
· Alt.3: A UE-specific DCI not scheduling PDSCH nor PUSCH.
In order to avoid impact on the PDCCH blind decoding, reusing DCI format 1_0/0_0 to request one-shot HARQ-ACK feedback is preferred. NFI for both groups (if group-based feedback is configured), timing for HARQ-ACK transmission, PUCCH resource indicator and TPC command shall be indicated. The slot to transmit HARQ-ACK is determined based on the end of PDCCH transmitting the DCI.
· Alt.3-1: The DCI scrambled by a new RNTI is used to request one-shot HARQ-ACK feedback without PDSCH or UL-SCH data.
· Alt.3-2: Some fields of a DCI set to all ‘0’s or ‘1’s is used to request one-shot HARQ-ACK feedback without PDSCH or UL-SCH data.
Proposal 8: An explicit bit in DCI scheduling PDSCH or PUSCH is used to trigger one-shot feedback. 
Proposal 9: A fallback DCI not scheduling PDSCH nor PUSCH can trigger one-shot feedback by setting certain field to all ‘0’s or ‘1’s.

(6). [bookmark: _GoBack]Non-numerical value for K1
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 3.


Figure 3: HARQ-ACK ordering for group-based feedback
Proposal 10: 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.

Furthermore, we propose that in one PDCCH monitoring occasion, UE is not expected to receive a DCI scheduling a given PDSCH group with a non-numerical K1 and a DCI scheduling the same group with a numerical K1. If this case is not avoidable, UE will use C-DAI to differentiate which is the later DCI, and use the value of K1 indicated by the later DCI.
Proposal 11: The UE is not expected to receive a DCI scheduling a given PDSCH group with a non-numerical K1 and a DCI scheduling the same group with a numerical K1 in one PDCCH monitoring occasion.

(7). 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 issue for SPS PDSCH is similar to fallback DCI, i.e. 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 4. 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 4: Enhanced type-2 HARQ-ACK codebook with HARQ-ACK for SPS PDSCH
Proposal 12: How to transmit HARQ-ACK bit corresponding to SPS PDSCH in enhanced type-2 HARQ-ACK codebook should be discussed.

Conclusions
In this contribution, we show our views on the open issues of HARQ enhancements for NR-U with the following proposals:
Proposal 1: For enhanced dynamic HARQ codebook, the indication of triggered groups in DCI can be RRC configured.
Proposal 2: One-shot feedback can be configured together with enhanced dynamic HARQ codebook.
Proposal 3: If NFI and T-DAI for the non-scheduled group is not configured and HARQ-ACK feedback for two PDSCH groups is triggered by one DCI, one-shot feedback is used. 
Proposal 4: NFI is not traduced in fallback DCI.
Proposal 5: For the fallback DCI, NFI is not toggled unless a given HARQ process ID scheduled in group #0 is rescheduled with DAI=1.Proposal 6: If UL DAI for an additional PDSCH group is not configured,
· If T-DAI for non-scheduled group are not configured, UL DAI is used to indicate the total number of PDSCHs in the group not scheduled by the triggering DL grant; 
· Otherwise, UL DAI is used to indicate the total number of PDSCHs in the group scheduled by the triggering DL grant.
Proposal 7: A UE does not expect to receive a toggled NFI for a group before the transmission of previously triggered HARQ-ACK feedback.
Proposal 8: An explicit bit in DCI scheduling PDSCH or PUSCH is used to trigger one-shot feedback. 
Proposal 9: A fallback DCI not scheduling PDSCH nor PUSCH can trigger one-shot feedback by setting certain field to all ‘0’s or ‘1’s.
Proposal 10: 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 11: The UE is not expected to receive a DCI scheduling a given PDSCH group with a non-numerical K1 and a DCI scheduling the same group with a numerical K1 in one PDCCH monitoring occasion.
Proposal 12: How to transmit HARQ-ACK bit corresponding to SPS PDSCH in enhanced type-2 HARQ-ACK codebook should be discussed.

References
[1] R1-1910792, “HARQ enhancements for NR-U”, OPPO.
image2.emf
Group 0

NFI=0

C-DAI=0

Group 0

NFI=0

C-DAI=1

Group 0

NFI=0

C-DAI=2

time

PUCCH

ACK/NACK

Group 0

NFI=1

C-DAI=0


Microsoft_Visio___2.vsdx
Group 0
NFI=0
C-DAI=0
Group 0
NFI=0
C-DAI=1
Group 0
NFI=0
C-DAI=2
time
PUCCH

ACK/NACK
Group 0
NFI=1
C-DAI=0



image3.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___3.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



image4.emf
HARQ-ACK for group 0 HARQ-ACK for group 1

HARQ-ACK 

for SPS

Enhanced type-2 HARQ-ACK codebook


Microsoft_Visio___4.vsdx
HARQ-ACK for group 0
HARQ-ACK for group 1
HARQ-ACK for SPS
Enhanced type-2 HARQ-ACK codebook



image1.emf
×

×

NFI=0

DAI

g0

=1

Group 0

NFI=0

DAI

g0

=2

NFI=0

DAI

g0

=7

NFI=0

DAI

g1

=1

Group 1

NFI=0

DAI

g1

=2

NFI=0

DAI

g1

=6

PUSCH with 

HARQ-ACK 

……

……

UL grant

T-DAI

g0

=7

PUCCH

(HARQ-ACK 

for group 0 and 1)

NFI=0

DAI

g0

=1

T-DAI

g1

=X

Group 0

NFI=0

DAI

g0

=2

T-DAI

g1

=X

NFI=0

DAI

g0

=7

T-DAI

g1

=X

NFI=0

DAI

g1

=1

T-DAI

g0

=7

Group 1

NFI=0

DAI

g1

=2

T-DAI

g0

=7

NFI=0

DAI

g1

=6

T-DAI

g0

=7

PUSCH with 

HARQ-ACK 

……

……

UL grant

T-DAI

g1

 =6

PUCCH

(HARQ-ACK 

for group 0 and 1)

×

Case 1

Case 2


Microsoft_Visio___1.vsdx
×
×
NFI=0
DAIg0=1
Group 0
NFI=0
DAIg0=2
NFI=0
DAIg0=7
NFI=0
DAIg1=1
Group 1
NFI=0
DAIg1=2
NFI=0
DAIg1=6
PUSCH with HARQ-ACK
……
……
UL grant
T-DAIg0=7
PUCCH
(HARQ-ACK 
for group 0 and 1)
NFI=0
DAIg0=1
T-DAIg1=X
Group 0
NFI=0
DAIg0=2
T-DAIg1=X
NFI=0
DAIg0=7
T-DAIg1=X
NFI=0
DAIg1=1
T-DAIg0=7
Group 1
NFI=0
DAIg1=2
T-DAIg0=7
NFI=0
DAIg1=6
T-DAIg0=7
PUSCH with HARQ-ACK
……
……
UL grant
T-DAIg1 =6
PUCCH
(HARQ-ACK 
for group 0 and 1)
×
Case 1
Case 2



