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Introduction
In RAN1 #97 and #98, the following agreements were made for NR-U HARQ enhancement:
Agreement:
Restrict further discussion on HARQ codebook to the following:
· Semi-static codebook. Options FFS.
· If request/trigger for one-shot group HARQ ACK feedback for all configured HARQ processes is introduced (at least for non-CBG HARQ), select one or more of the following candidate schemes:
· The request is carried in a UE-specific DCI carrying a PUSCH grant
· The request is carried in a UE-specific DCI carrying a PDSCH assignment
· The request is carried in a UE-specific DCI not scheduling PDSCH nor PUSCH
· The request is carried in a UE-common DCI
· The request can be used for UE configured with dynamic or semi-static HARQ codebook
· Note: The discussion on preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands is a separate discussion
Agreement:
When configured for operation with enhanced dynamic HARQ codebook (type-2 codebook), a UE shall support 2 PDSCH groups.
· The number of PDSCH groups that the UE shall support is not RRC configurable
· FFS: More groups, depending on the resolution of the FFS on up to 4 groups from a prior agreement
Agreement:
· For enhanced dynamic HARQ codebook, choose one of the alternatives below: 
· Alt-1: NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH only for the scheduled group
· Alt-2: NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH for both groups
· FFS: Extension to fallback DCI
Agreement:
For enhanced dynamic HARQ-ACK codebook when the feedback is triggered by a DL DCI scheduling a PDSCH, a UE is not expected to be requested in that DL DCI to provide feedback only for a PDSCH group not scheduled in that DL DCI
Agreement:
For enhanced dynamic codebook operation, HARQ-ACK timing for a PDSCH scheduled with a non-numerical value for K1 is derived by the next DL DCI scheduling PDSCH with a numerical value for K1 triggering feedback for PDSCH group(s) including the PDSCH group of this PDSCH.
· FFS: additional methods including 
· based on an earlier DCI
· one-shot HARQ-ACK feedback
· FFS: dependency on NFI
In this contribution, we further discuss the HARQ enhancements for NR-U.
Discussion 
Trigger-based HARQ-ACK transmission
(1). The maximum number of PDSCH groups
Since the maximum number of HARQ processes is separately configured for each serving cell, once a UE is configured with more than one serving cell, the total number of HARQ processes may be significantly increased. On the one hand, 2 PDSCH groups may lead to limitation on PDSCH scheduling. On the other hand, with large number of HARQ processes, 2 PDSCH groups will lead to larger HARQ-ACK payload for one PUCCH and impact the PUCCH coverage. Therefore, we propose that more than 2 PDSCH groups should be supported at least when the UE is configured with more than one serving cells.
Proposal 1: More than 2 PDSCH groups should be supported at least when the UE is configured with more than one serving cells.

(2). Non-fallback DCI triggering group-based HARQ-ACK feedback
To avoid the ambiguity on HARQ-ACK codebook caused by DL grant missing, we support that when the non-fallback DCI scheduling a PDSCH group,
· NFI should be indicated in non-fallback DCI for both PDSCH groups.
· Without CA, T-DAI should be indicated in non-fallback DCI only for the PDSCH group not scheduled by the non-fallback DCI. For the PDSCH group scheduled by the non-fallback DCI, T-DAI equals to C-DAI.
· With CA, T-DAI should be indicated in non-fallback DCI for both PDSCH groups.
Proposal 2: For non-fallback DCI triggering group-based HARQ-ACK feedback:
· NFI should be indicated in non-fallback DCI for both PDSCH groups.
· Without CA, T-DAI should be indicated in non-fallback DCI only for the PDSCH group not scheduled by the non-fallback DCI.
· With CA, T-DAI should be indicated in non-fallback DCI for both PDSCH groups.

(3). Fallback DCI
At least for the fallback DCI transmitted in CSS, the DCI size should be fixed as Rel-15, and both NFI and T-DAI should not be added. The following methods can be considered to transmit HARQ-ACK corresponding to the fallback DCI in CSS:
· Method 1: PDSCH scheduled by fallback DCI in CSS doesn’t have group ID. 
C-DAI is accumulated within the fallback DCIs, associated with one slot to transmit HARQ-ACK, in CSS, as shown in Figure 1. 
· Case 1: If only the HARQ-ACK bit(s) corresponding to the fallback DCI(s) in CSS is transmitted in slot n, Rel-15 type-2 HARQ-ACK codebook mechanism is reused. Unless using one-shot HARQ-ACK feedback, HARQ-ACK retransmission cannot be supported for this case.
· Case 2: If other group-based HARQ-ACK bits collide with the HARQ-ACK bit(s) corresponding to the fallback DCI(s) in CSS, all HARQ-ACK bits are multiplexing in one PUCCH, and the HARQ-ACK bit(s) corresponding to the fallback DCI(s) in CSS should be mapped to the end of HARQ-ACK codebook, similar as SPS PDSCH in Rel-15 type-2 HARQ-ACK codebook. Furthermore, if the multiplexed group-based HARQ-ACK is triggered for retransmission, the HARQ-ACK bit(s) corresponding to the fallback DCI(s) in CSS should be simultaneously retransmitted.


Figure 1. C-DAI is accumulated within the fallback DCIs associated with one slot to transmit HARQ-ACK

· Method 2: PDSCH scheduled by the fallback DCI in CSS has a default group ID.
A default group ID (i.e. Group 0) is defined for fallback DCI in CSS. C-DAI is accumulated within the group. Only the default group is triggered for HARQ-ACK feedback by the fallback DCI in CSS. NFI is not toggled by the fallback DCI in CSS, unless some conditions are satisfied, for example:
· The value of C-DAI equals to 1; and
· A given HARQ process ID scheduled by an earlier DCI with the same group ID is rescheduled by the fallback DCI.

For the fallback DCI transmitted in USS, the method defined for CSS can be reused. Considering the DCI size in USS may not need to be fixed, we slightly prefer that NFI is included in fallback DCI in USS when enhanced type-2 HARQ-ACK feedback is configured. A default group ID is specified for the fallback DCI transmitted in USS, and only the default group is triggered for HARQ-ACK feedback by the fallback DCI in USS.
Proposal 3: For the fallback DCI transmitted in CSS, both NFI and T-DAI should not be supported.
Proposal 4: For the fallback DCI transmitted in USS,
· NFI can be included;
· A default group ID is specified;
· Only the default group is triggered.

(4). 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 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 5: How to transmit HARQ-ACK bit corresponding to SPS PDSCH in enhanced type-2 HARQ-ACK codebook should be discussed.

(5). One-shot HARQ-ACK feedback
To avoid the ambiguity about a given HARQ process, the following option can be considered to support one-shot HARQ-ACK feedback:
· NFI for both groups are indicated in DCI for triggering one-shot HARQ-ACK feedback.
· HARQ-ACK bits corresponding to the HARQ processes included in the PDSCH groups with the indicated NFI are mapped into the HARQ-ACK codebook.
· The UE reports NACK value(s) for other HARQ process(es) in the HARQ-ACK codebook
One example is shown in Figure 3, assuming the maximum number of configured HARQ process is 6, and 2 PDSCH groups are supported. One-shot HARQ-ACK feedback is triggered by the DCI which indicates NFI=1 for group 0 and NFI=0 for group 1. The UE should generate the codebook as {bHARQ0, bHARQ1, NACK, NACK, bHARQ4, NACK}, where bHARQi is the ACK/NACK bit corresponding to HARQ process i. The advantage of this option is that there is no other information included in UCI and only 2-bit NFI corresponding to 2 PDSCH groups are needed in DCI, i.e. the overheads of both DCI and UCI are low.


Figure 3. One example for one-shot HARQ-ACK feedback

Since DL grant is agreed to be used to trigger group-based HARQ-ACK feedback, one-shot HARQ-ACK feedback can be triggered by:
· Alt.1: A UE-specific UL grant. 
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. Only NFI for both groups need to be added into UL grant.
· Alt.2: 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, 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.2-1: The DCI scrambled by a new RNTI is used to request one-shot HARQ-ACK feedback without PDSCH or UL-SCH data.
· Alt.2-2: 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 6: One-shot HARQ-ACK feedback can be triggered by a DCI including NFI for both groups.
· HARQ-ACK bits corresponding to the HARQ processes included in the PDSCH groups with the indicated NFI are mapped into the HARQ-ACK codebook.
· The UE reports NACK values for other HARQ processes in the HARQ-ACK codebook.

(6). 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 4.


Figure 4: HARQ-ACK ordering for group-based feedback
Proposal 7: 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.
[bookmark: _GoBack]On the other hand, the limitation on PDSCH HARQ in Rel.15 may not be suitable for NR-U since more than one HARQ-ACK resources can be assigned for group-based HARQ-ACK feedback for HARQ-ACK transmission or retransmission. The UE should not be expected to receive another PDSCH for a given HARQ process until after the last expected transmission of HARQ-ACK for that HARQ process. 
However, it is hard to define which HARQ-ACK transmission is the last expected HARQ-ACK transmission since the HARQ-ACK resources are dynamically indicated by gNB. Therefore, after receiving a given HARQ process belongs to a given PDSCH group, one UE is not expected to receive another PDSCH for that HARQ process unless that another PDSCH for that HARQ process either belongs to that PDSCH group with NFI toggled or belongs to another PDSCH group after at least one transmission of HARQ-ACK for that HARQ process.   
Proposal 8: A UE is not expected to receive another PDSCH for a given HARQ process unless that another PDSCH for that HARQ process either belongs to the same PDSCH group with NFI toggled or belongs to another PDSCH group after at least one transmission of HARQ-ACK for that HARQ process.

For Rel-15 ACK/NACK transmission, the HARQ timings, indicated by DL grants, corresponding to one PUCCH should be decreased with time. However, if the same mechanism is used for HARQ-ACK transmission in NR-U, the loss of transmission efficiency and large transmission delay can be expected, because the DL transmission may be interrupted by the pre-allocated PUCCH and additional LBT procedures may be required. One example of the efficiency loss and large delay caused by the interruption of a DL transmission by the pre-allocated PUCCH is shown in Figure 5. In order to avoid such loss, enhancement on updating of HARQ timing should be considered. 


Figure 5: The efficiency loss and large delay for new data arriving
One example is shown in Figure 6, DCI 1 triggers a group-based HARQ-ACK feedback on slot n, and DCI 2 received before slot n can update the PUCCH resource to transmit HARQ-ACK bits for the same group(s). PUCCH in slot n can be canceled if the processing time is satisfied, where the processing time can follow Rel-15 N1.


Figure 6. Update PUCCH resource for group-based HARQ-ACK feedback.

On the other hand, we do not support that HARQ-ACK timing for a PDSCH scheduled with a non-numerical value for K1 is determined by an earlier DCI. If the HARQ-ACK timing in earlier DCI is expected by gNB, the non-numerical value for K1 should not be indicated in the later DCI.
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, for example, as shown in Figure 7, will use C-DAI to differentiate which is the later DCI, and use the value of K1 indicated by the later DCI. In addition, the processing time defined in Rel.15 should be satisfied for the HARQ-ACK feedback. 


Figure 7. Illustration of receiving more than one DCI within one PDCCH monitoring occasion.
Proposal 9: The slot indicated for transmitting PUCCH can be updated by a later DCI triggering HARQ-ACK feedback for the same PDSCH group(s). 
Proposal 10: It is not supported that HARQ-ACK timing for a PDSCH scheduled with a non-numerical value for K1 is determined by an earlier 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.

Non-trigger-based HARQ-ACK transmission
Both Rel-15 semi-static HARQ codebook and dynamic HARQ codebook can be reused for HARQ-ACK transmission within a COT. However, some enhancements can be considered to reduce the size of codebook, i.e. for semi-static HARQ codebook, the codebook can be further restricted by the size of COT. In fact, this enhanced semi-static HARQ codebook can be seen as a special case of dynamic HARQ codebook, the size of codebook is dynamically determined based on the size of COT. Some redundant HARQ-ACK bits still exist in UCI transmission, but DAI is not required in DL grant.


Figure 8: Enhanced semi-static HARQ codebook restricted by the size of COT
Proposal 12: When DL data and corresponding HARQ-ACK are transmitted in a shared COT, HARQ codebook can be restricted by the size of COT.

Conclusions
In this contribution, we show our views on the potential HARQ procedure enhancements with the following observation and proposals:
Proposal 1: More than 2 PDSCH groups should be supported at least when the UE is configured with more than one serving cells.
Proposal 2: For non-fallback DCI triggering group-based HARQ-ACK feedback:
· NFI should be indicated in non-fallback DCI for both PDSCH groups.
· Without CA, T-DAI should be indicated in non-fallback DCI only for the PDSCH group not scheduled by the non-fallback DCI.
· With CA, T-DAI should be indicated in non-fallback DCI for both PDSCH groups.
Proposal 3: For the fallback DCI transmitted in CSS, both NFI and T-DAI should not be supported.
Proposal 4: For the fallback DCI transmitted in USS,
· NFI can be included;
· A default group ID is specified;
· Only the default group is triggered.
Proposal 5: How to transmit HARQ-ACK bit corresponding to SPS PDSCH in enhanced type-2 HARQ-ACK codebook should be discussed.
Proposal 6: One-shot HARQ-ACK feedback can be triggered by a DCI including NFI for both groups.
· HARQ-ACK bits corresponding to the HARQ processes included in the PDSCH groups with the indicated NFI are mapped into the HARQ-ACK codebook.
· The UE reports NACK values for other HARQ processes in the HARQ-ACK codebook.
Proposal 7: 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 8: A UE is not expected to receive another PDSCH for a given HARQ process unless that another PDSCH for that HARQ process either belongs to the same PDSCH group with NFI toggled or belongs to another PDSCH group after at least one transmission of HARQ-ACK for that HARQ process.
Proposal 9: The slot indicated for transmitting PUCCH can be updated by a later DCI triggering HARQ-ACK feedback for the same PDSCH group(s). 
Proposal 10: It is not supported that HARQ-ACK timing for a PDSCH scheduled with a non-numerical value for K1 is determined by an earlier 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.
Proposal 12: When DL data and corresponding HARQ-ACK are transmitted in a shared COT, HARQ codebook can be restricted by the size of COT.
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