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1. Introduction

In RAN1#98bis meeting [1], following agreements were made on HARQ operation in NR-U, especially for HARQ-ACK feedback mechanism and HARQ-ACK codebook design.
	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 discuss on HARQ procedure for NR-U operation, including multi-slot PUSCH scheduling and HARQ-ACK codebook/mechanism based on the above agreements.
2. Discussions
For the scheduling and HARQ operation in NR-U, the following aspects and procedure are to be supported with consideration of UE/gNB operation in unlicensed band based on channel access procedure (CAP) and channel occupancy time (COT).

· Basic scheduling/HARQ operation

In NR, dynamic scheduling/HARQ timing (e.g. K1 for the HARQ-ACK corresponding to PDSCH, K2 for the PUSCH corresponding to UL grant DCI) is supported based on the indication via DL/UL grant DCI. In NR-U, it is necessary to consider the dynamic HARQ timing combined with COT composition and CAP operation (e.g. LBT type). For example, for the case where PDSCH and the corresponding HARQ-ACK are transmitted in a same COT, it could be proper to apply 1) smaller K1 values, 2) LBT without back-off (e.g. Cat-2) or no LBT, 3) single PUCCH resource for the HARQ-ACK transmission. For another example, for the case where PDSCH and the corresponding HARQ-ACK are transmitted over different COTs (or the HARQ-ACK is transmitted through outside of gNB-initiated COT), it could be proper to apply 1) larger K1 values, 2) back-off based LBT (e.g. Cat-4), 3) multiple candidate PUCCH resources for the HARQ-ACK transmission. Besides, PUCCH format/resource (set) for the HARQ-ACK transmission could be configured separately between the above two cases, for example, with both or one of interlaced RBs and contiguous RBs in the former case and only with interlaced RBs in the latter case.
In case of PUCCH, as in LTE eLAA where the LBT type for PUSCH transmission is indicated by UL grant DCI, the LBT type for PUCCH transmission (conveying HARQ-ACK) is to be indicated by DL grant DCI. For example, the LBT type can be indicated via dedicated DCI field (and PUCCH resource (set) can be configured per each of LBT types) or the LBT type can be configured per each of PUCCH resources (then the LBT type can be indicated (jointly with PUCCH resource) via PRI field).
Proposal #1: Support differentiated configuration on the following features according to relationship between COT structure and HARQ related transmission in NR-U.
· HARQ timing values
· UL LBT type
· Candidate TX resource(s) 
· Multi-TTI scheduling for PUSCH

In LTE eLAA, multi-TTI scheduling for PUSCH (by using a single UL grant DCI) was introduced with motivation of having several benefits in unlicensed band operation. In NR-U, it is necessary to design the multi-TTI scheduling for PUSCH in NR context, with consideration of flexible starting/duration and various DMRS pattern/data mapping type for PUSCH transmission. Specifically, it needs to be considered how to determine the starting/duration of PUSCH and the DMRS pattern/data mapping type for PUSCH in each of multiple scheduled slots, for example, Opt 1) same for all the slots (based on the indicated SLIV or mapping type/DMRS info.) or Opt 2) different between the first/last (partial) slot and other (full) slots (or dynamic switching between two options and/or joint indication for different (partial/full) slot types). 
In case of the starting/ending symbol for PUSCH transmission in each of the multiple slots, for example, multi-TTI grant DCI indicates single SLIV as in Rel-15 NR, and the starting symbol and the ending symbol derived from the indicated SLIV can be applied for the PUSCH in the first slot and the PUSCH the last slot, respectively. And then, the PUSCH ending in the first slot, the PUSCH starting in the last slot, and the starting/ending of PUSCHs in other slots can be considered as slot boundary. For another example, the PUSCH resources allocated over multiple slots (scheduled by multi-TTI grant DCI) could consist of: 1) one or multiple short-duration PUSCH resources (or single PUSCH resource with one or multiple candidate starting symbols) in the first slot in order to provide multiple LBT opportunities, 2) one slot-duration PUSCH resource per each of the middle slots, 3) one PUSCH resource in the last slot. In this case, for constructing the above multi-slot PUSCH resource structure, the detailed DCI signalling would need to be considered (e.g. by indicating (then reinterpreted by UE) SLIV for the short-duration PUSCH and the number of the SLIV repetitions, or SLIV for the short-duration PUSCH and the number of scheduled slots/TBs). 
In order to support multi-slot PUSCH resource allocation as in above, following two options can be considered as the corresponding DCI signalling. 
(1) Option 1

A. DCI indication
i. SLIV for the first short-duration PUSCH in the first slot

ii. Number (R) of repetitions for the indicated SLIV

B. PUSCH allocation

i. Step 1: repeat (R-times) the SLIV continuously over multiple slots.
ii. Step 2: allocate individual PUSCH resource per each of repeated SLIVs in the first slot (or allocate single PUSCH by merging the repeated SLIVs where the starting symbols per each of the SLIVs are used as candidate starting symbols for the PUSCH).
iii. Step 3: allocate single PUSCH resource per each of middle slots or last slot by merging repeated SLIVs in a slot.
(2) Option 2

A. DCI indication

i. SLIV for the first short-duration PUSCH in the first slot

ii. Number (N) of allocated PUSCH resources

iii. Ending symbol index (E) of PUSCH resource in the last slot

B. PUSCH allocation

i. Step 1: repeat (e.g. L-times) the SLIV continuously within the first slot.

ii. Step 2: allocate individual PUSCH resource per each of repeated SLIVs in the first slot (or allocate single PUSCH (e.g. L=1) by merging the repeated SLIVs where the starting symbols per each of the SLIVs are used as candidate starting symbols for the PUSCH).
iii. Step 3: allocate (N – L – 1) slot-duration PUSCHs continuously (over multiple middle slots) after the first slot.

iv. Step 4: allocate one PUSCH in the last slot with {starting, ending} symbol index {0, E}.
Proposal #2: Support one of the following options as UL grant DCI signalling for multi-slot PUSCH scheduling.
· Option 1: DCI indicates 1) SLIV for the first short-duration PUSCH in the first slot, and 2) Number (R) of repetitions for the indicated SLIV.

· Option 2: DCI indicates 1) SLIV for the first short-duration PUSCH in the first slot, 2) Number (N) of allocated PUSCH resources, and 3) Ending symbol index (E) of PUSCH resource in the last slot.
In case of DMRS pattern (and/or data mapping type) for PUSCH in each of the multiple slots, it needs to consider potential differentiation between the first and/or last (partially allocated) slot and other or middle (fully allocated) slots since duration of the allocated PUSCH would be different according to gNB scheduling situation in the former case. In this sense, following two options can be considered: Option 1) DMRS pattern (data mapping type) for PUSCH in the first and/or last (partial) slot is pre-configured by RRC while the information for PUSCH in other or middle (full) slots is indicated via the multi-TTI grant DCI, or Option 2) the information (combination) for both PUSCH in the first and/or last slot and PUSCH in other or middle slots is jointly indicated via the multi-TTI grant DCI. 
Proposal #3: Support one of the following options to determine the DMRS pattern/data mapping type for multi-slot PUSCH scheduling.
· Option 1: DMRS pattern/data mapping type for the PUSCH in a slot type X is pre-configured by RRC (or pre-defined in spec) while the DMRS pattern/data mapping type for the PUSCHs in other slots is indicated via the multi-TTI grant DCI, where the slot type X can be only the first slot or both first and last slots.
· Option 2: DMRS pattern/data mapping type for both the PUSCH in a slot type X and the PUSCHs in other slots is jointly indicated via the multi-TTI grant DCI, where the slot type X can be only the first slot or both first and last slots..
Moreover, regarding aperiodic CSI reporting on the PUSCH scheduled by multi-TTI grant DCI, it is necessary to make a rule to determine a PUSCH resource used for the CSI reporting among multiple allocated PUSCH resources, by considering possibility of LBT failure and amount of PUSCH symbols for UCI reliability. In addition, considering inclusion of an explicit UL-SCH (presence or absence) indicator in NR UL grant DCI, (unlike the eLAA in LTE) triggering of aperiodic CSI only PUSCH without UL-SCH by using multi-TTI grant DCI could be supported, for example, in case of indicating no UL-SCH (and CSI request) by multi-TTI grant DCI, one of the allocated PUSCH resources is used for CSI only transmission without UL-SCH while other PUSCH resources are used for UL-SCH transmission.
Proposal #4: Consider the following aspects for aperiodic CSI reporting on the PUSCH scheduled by multi-TTI grant DCI.
· Determination of a PUSCH resource used for the CSI reporting among multiple allocated PUSCH resources.

· Support of aperiodic CSI only PUSCH without UL-SCH by using UL-SCH indicator in the multi-TTI grant DCI.
Besides, regarding aperiodic SRS triggering by multi-TTI grant DCI, it is required to consider the SRS transmission timing (e.g. DCI-to-SRS slot offset) in terms of UE LBT required per each of discontinuous UL transmissions. According to Rel-15 NR, when aperiodic SRS (e.g. one of multiple SRS resource sets preconfigured by RRC) is triggered by UL grant DCI, slot offsets applied for PUSCH and SRS are independent since the SRS slot offset is preconfigured per SRS resource set while PUSCH slot offset is dynamically indicated by DCI. Therefore, considering LBT efficiency by continuous UL transmissions without gap, it would be desirable to make SRS transmission to be within the multiple slots scheduled by multi-TTI grant DCI, for example, by adjusting the preconfigured SRS slot offset. 
Proposal #5: Consider aperiodic SRS transmission within the slots scheduled by multi-TTI grant DCI, by adjusting the preconfigured SRS slot offset.
Furthermore, regarding HARQ-ACK piggyback on the PUSCH scheduled by multi-TTI grant DCI, it is necessary to consider how to apply HARQ-ACK related information (e.g. NFI) signalled in the DCI for the allocated PUSCHs. Considering to avoid unnecessary UCI overhead, it would be reasonable to apply the signalled value only for a certain PUSCH transmission while a default value or the value signalled via DL grant DCI could be applied for other PUSCH transmissions. 
In addition, regarding CBG based transmission for the PUSCHs scheduled by multi-TTI grant DCI, it would be reasonable (in terms of retransmission efficiency as well as DCI overhead) to support CBGTI signalling at least for the case of single PUSCH scheduling by the DCI. Therefore, the size of DCI payload for the multi-TTI grant DCI needs to be determined by considering both the configured maximum number (N) of PUSCHs schedulable by the DCI and the configured maximum number (M) of CBGs (i.e., number of bits per CBGTI field). Moreover, even for the case with scheduling of more than one PUSCH by the DCI, CBGTI signalling could be supported for some or all of the scheduled PUSCHs according to the amount of unused NDI/RV bits determined by the actual number (K) of scheduled PUSCHs by the DCI. 
Proposal #6: Support CBG based transmission by CBGTI signalling for the PUSCHs scheduled by multi-TTI grant DCI based on the followings.

· Assumptions:
·  N: configured maximum number of PUSCHs schedulable by DCI

·  K: actual number of scheduled PUSCHs by the DCI

·  M: configured maximum number of CBGs

·  O1: number of NDI bits

·  O2: number of RV bits

· The size of DCI payload for multi-TTI grant DCI is determined based on max {(M + O1 + O2), (N (O1 + O2))}.
· The CBGTI is signalled for some or all of the scheduled PUSCHs according to the amount of unused NDI/RV bits as {N (O1 + O2) – K (O1 + O2)}.
· HARQ-ACK feedback mechanism

In order to support HARQ-ACK feedback for DL data scheduling in NR-U operating based on COT by CAP, following three types of HARQ-ACK codebook/mechanism could be considered as the candidate HARQ-ACK feedback scheme for NR-U. 

(1) HARQ-ACK based on bundling window (Type-1 codebook in NR)
This codebook type could, basically, be based on the current Type-1 HARQ-ACK codebook (usually, called as “semi-static codebook”) defined in NR where HARQ-ACK payload on a PUCCH resource in a UL slot is composed for a set of DL slots (e.g. bundling window) corresponding to the configured HARQ-ACK timings. In NR-U, to consider COT structure and its duration (specifically, to support HARQ-ACK feedback in a COT corresponding to all the PDSCHs in any DL slot in the same COT), it may be needed to increase the value and/or the number of HARQ-ACK timings signalled in DL grant DCI compared to that defined in the current NR. 

However, actual number of the scheduled PDSCHs (i.e. DL slots) within a bundling window or the (configured) maximum number of DL HARQ processes for PDSCH would be smaller than the number of configured HARQ-ACK timings. Thus, in order to reduce HARQ-ACK payload size by avoiding unnecessary UCI/PUCCH overhead, it would be required to consider limiting the maximum number of PDSCHs scheduled within a bundling window, with consideration of the (configured) maximum HARQ process number and/or the DL traffic situation toward the UE. 
(2) HARQ-ACK based on DAI signalling (Type-2 codebook in NR)
This codebook type could, basically, be based on the current Type-2 HARQ-ACK codebook (usually, called as “dynamic codebook”) defined in NR where HARQ-ACK payload on a PUCCH resource in a UL slot is composed for a subset of DL slots (within a bundling window) determined by counter/total-DAI signalled in DL grant DCI, and by doing so, HARQ-ACK payload size could be adaptively reduced according to the actual number of scheduled PDSCHs. 
In NR-U, considering potential increase of the probability to miss DL grant DCI consecutively due to LBT failure, it would be required to increase the robustness of DAI signalling compared to that defined in the current NR, in order for avoiding ambiguity on interpretation of the counter/total value indicated by DAI between UE and gNB. For an example, (to keep UCI overhead) increasing the number of bits used for signalling of counter/total-DAI in DL grant DCI (e.g. from 2 to 3 bits) could be considered for NR-U. For another example, (to keep DCI overhead), quantizing the value of counter/total-DAI indicated in DL grant DCI (e.g. with coarser granularity) could be considered for NR-U. 
(3) HARQ-ACK feedback mechanisms based on DCI triggering 
This codebook type is, mainly, being considered to support transmission (in the current COT) of HARQ-ACK feedback corresponding to the PDSCHs scheduled/received in the previous COT under COT based NR-U situation, based on triggering HARQ-ACK feedback for a set of PDSCHs or DL slots by a DCI in aperiodic manner. Here, the triggering by DCI could request the HARQ-ACK feedback corresponding to (all or) a group of DL HARQ process IDs or a set of DL slots (e.g. as unit of bundling window), and in this case, the HARQ ID group or the DL slot set corresponding to the requested HARQ-ACK feedback could be indicated by the same DCI. 
For example, as shown in Figure 1, the triggering DCI can indicate a reference HARQ-ACK timing (on top of actual HARQ-ACK transmission timing), and then UE can report HARQ-ACK feedback for a bundling window corresponding to the reference HARQ-ACK timing (through the actual HARQ-ACK timing), or the DCI can indicate a slot offset then UE can report HARQ-ACK feedback for a bundling window corresponding to the updated K1 values by applying the indicated offset commonly to the initially-configured K1 values. 
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Figure 2.
For another example, as shown in Figure 2, the triggering DCI can indicate a slot group ID (i.e., requested slot group ID) then UE can report HARQ-ACK feedback for the DL slots corresponding to the indicated slot group ID, and in this case, each of DL grant DCIs can indicate the slot group ID (i.e., current slot group ID) in which the scheduled DL slot belongs to. Besides, in this case, adaptation (e.g. reduction) of HARQ-ACK codebook (size) can be done by signalling (e.g. accumulating) counter-DAI and total-DAI values separately per slot group ID. 
Moreover, the DCI used for triggering HARQ-ACK feedback may or may not be the same with DL grant DCI (e.g. scheduling of the PDSCH transmission by DL grant DCI, but triggering of the HARQ-ACK feedback by UL grant DCI allocating PUSCH resource and/or PUCCH resource). Considering to use the DL grant DCI also for the HARQ-ACK triggering, entire HARQ-ACK codebook could be composed of two sub-codebooks: 1) one for the bundling window corresponding to the reference HARQ-ACK timing (or the updated K1 values) or for the DL slots corresponding to the requested slot group ID, and 2) the other one for the bundling window corresponding to the actual HARQ-ACK timing or for the DL slots corresponding to the current slot group ID.
Based on the above DCI triggering based HARQ-ACK feedback mechanism, HARQ-ACK codebook types for NR-U can be defined and supported as the following.
Proposal #7: Support the following HARQ-ACK codebook types for NR-U.
· Type-1 HARQ-ACK codebook for NR-U
·   Alt 1: DCI indicates a reference HARQ-ACK timing (on top of actual HARQ-ACK TX timing) then UE reports HARQ-ACK feedback for a bundling window corresponding to the reference HARQ-ACK timing (in addition to the bundling window corresponding to the actual HARQ-ACK TX timing).

·   Alt 2: DCI indicates a slot offset then UE reports HARQ-ACK feedback for a bundling window corresponding to the updated K1 values by applying the indicated offset commonly to the initially-configured K1 values (in addition to the bundling window corresponding to the initially-configured K1 values).

· Type-2 HARQ-ACK codebook for NR-U

·   DCI indicates a requested slot (PDSCH) group ID (on top of indicating the current slot (PDSCH) group ID in which the scheduled slot (PDSCH) belongs to) then UE reports HARQ-ACK feedback for the slots (PDSCHs) corresponding to the requested group ID (in addition to slots (PDSCHs) corresponding to the current group ID). 

·   Note: This Type-2 codebook is already agreed to introduce for NR-U.

· Type-3 HARQ-ACK codebook for NR-U

·   DCI triggers one-shot HARQ-ACK feedback for (all or) one among multiple groups of DL HARQ process IDs (which are preconfigured by RRC) then UE reports HARQ-ACK feedback corresponding to (all or) the indicated group of HARQ process IDs.

·   DCI based dynamic switching between this Type-3 codebook and Type-1 or Type-2 codebook (where UE is configured with one of them by RRC) is supported for NR-U.

In case of the agreed Type-2 codebook, more specifically, HARQ-ACK related information signalled via DL grant DCI can be considered as 1) current slot (PDSCH) group ID, 2) counter/total-DAI for the current group ID, 3) additionally-requested slot (PDSCH) group ID, and 4) total-DAI for the additional group ID (similarly with DAI in UL grant DCI in Rel-15 NR considering HARQ-ACK alignment between gNB and UE). Besides, HARQ-ACK related information signalled via UL grant DCI can at least include separate total-DAI for two slot (PDSCH) groups (and/or corresponding group ID) to support PUSCH piggybacking of HARQ-ACK corresponding to the slot groups. Moreover, in case of the above Type-3 codebook, pre-configuring multiple groups of DL HARQ process IDs (and/or multiple CC groups in CA situation) by RRC, the DCI (e.g. with UL/DL grant) can trigger HARQ-ACK feedback corresponding to one of the multiple HARQ ID/CC groups. 
Furthermore, there was a discussion in RAN1#96 on potential HARQ-ACK misalignment (e.g. DTX or NACK-to-ACK error) between UE and gNB for a given HARQ process ID. Regarding this issue, following two cases can be considered.

1) Case 1

A. gNB triggers HARQ process ID-based HARQ-ACK feedback (based on the above Type-3 codebook) to be transmitted in slot n.

B. gNB also schedules PDSCH (with HARQ process ID = X and toggled NDI value) and the corresponding HARQ-ACK to be transmission in slot n.

C. BUT, UE misses DL grant DCI scheduling the PDSCH (then, DTX-to-ACK error occurs for the HARQ process ID = X).

2) Case 2

A. UE fails to transmit (previous) HARQ-ACK feedback to gNB through (earlier) slot n due to LBT failure for UL transmission.

B. gNB schedules a PDSCH for the UE in (later) slot n+k, BUT the UE misses DL grant DCI scheduling the PDSCH.

C. gNB triggers HARQ process ID-based HARQ-ACK feedback (based on the above Type-3 codebook) to be transmitted in slot n+k+h.
Regarding the above two cases, first of all, Case 1 would need to be handled by proper means to avoid potential HARQ-ACK error (involved with PDSCH retransmission latency) between UE and gNB. For example, it can be considered to signal NFI (New Feedback Indicator) via the DCI to indicate for the UE whether to keep or reset the previous HARQ-ACK state (e.g. ACK or NACK) for a given HARQ process ID. To be specific, if the received (current) NFI is not toggled from the previous NFI, the UE can be indicated to keep the previous HARQ-ACK state while the toggled NFI can indicate for the UE to reset the previous HARQ-ACK state. On the other hand, Case 2 would not require special handling because the PDSCH scheduled in slot n+k would be a retransmission (with non-toggled NDI) of the PDSCH initially scheduled in earlier slot (where the PDSCH was decoded as NACK). This means there would be no critical HARQ-ACK error event (such as D-to-A or N-to-A error) in this Case 2. 
Proposal #8: Clarify NFI signalling via DCI to indicate for UE whether to keep or reset the previous HARQ-ACK state (e.g. ACK or NACK) for a given HARQ process ID. 

On the agreed NR-U Type-2 codebook, several issues need to be considered/discussed: 1) the maximum number of PDSCH groups, 2) NFI and T-DAI signalling for the requested PDSCH groups, and 3) the HARQ-ACK related information signalling in DL/UL grant DCI formats for the NR-U Type-2 codebook.
Firstly, regarding the maximum number of PDSCH groups, it is required to consider from two different perspectives: 1) the maximum number (Ng) of PDSCH groups (i.e., number of PDSCH group indexes) indicated by gNB and 2) the maximum number (Nu) of PDSCH groups for which HARQ-ACK can be simultaneously transmitted on single PUCCH. Specifically, with increased number for the Ng, unnecessary UL feedback overhead could be avoided (and/or DL scheduling flexibility could be guaranteed) by properly grouping each PDSCH with more group indexes in gNB side while DCI overhead might be a bit increased. On the other hand, with increased number for the Nu, DCI overhead as well as UL PUCCH resource overhead would be largely increased to indicate more PDSCH group indexes for HARQ-ACK request while UL feedback latency might be a bit reduced. For supporting possibility to avoid unnecessary UL feedback overhead and to guarantee DL scheduling flexibility, the following is proposed.
Proposal #9: Support to configure the maximum number (Ng) of PDSCH groups (i.e., number of PDSCH group indexes) indicated by gNB.
· The value of Ng can be configured as either 2 or 4.
· The maximum number (Nu) of PDSCH groups for which HARQ-ACK can be simultaneously transmitted on single PUCCH is fixed to 2 (not configurable).
Secondly, it is still FFS on whether to support NFI and T-DAI signalling for only currently-scheduled PDSCH group or for both scheduled and non-scheduled PDSCH groups. During RAN1#98 meeting time, there was a relevant discussion through the email with consideration of potential misalignment situation between UE and gNB (which would not be a corner case) if NFI and T-DAI for the non-scheduled PDSCH group is not signalled in DCI, based on the following Figure 3. In the figure, to be specific, the second DCI is missed by UE, and the HARQ-ACK PUCCH corresponding to the first and second DCIs is not detected by gNB. After that, gNB schedules additional DCIs with requesting HARQ-ACK feedback for both two PDSCH groups, but the corresponding HARQ-ACK codebook from UE would not be aligned with gNB, since UE could not realize the missing of the second DCI. Note here that the above DCI missing case is different from the last DCI missing event discussed in Rel-15, which was concluded that it could be handled with gNB implementation by, for example, allocating different PRI between the last DCI and the second last DCI (then, gNB perform blind detection on two different PUCCH resources). Thus, the above misalignment needs to be handled with inclusion of NFI and T-DAI for both scheduled and non-scheduled PDSCH groups in the DCI.

Proposal #10: NFI and T-DAI is signalled for both scheduled PDSCH group and non-scheduled PDSCH group in the DL non-fallback DCI.
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Figure 3.
Thirdly, regarding the HARQ-ACK related information required to be signalled in DCI for the NR-U Type-2 codebook, the followings would need to be signalled via each of the DL non-fallback DCI and the UL non-fallback DCI.

1) DL DCI indication
A. Baseline 

i. Current slot (PDSCH) group ID 

ii. Counter-DAI for the current group ID 

iii. Total-DAI for the current group ID 

iv. NFI for the current group ID 
v. Addition slot (PDSCH) group ID 

vi. Total-DAI for the additional group ID 
vii. NFI for the additional group ID 

B. FFS

i. Switching with Type-3 codebook 

2) UL DCI indication

A. Baseline

i. Total-DAI for the first slot (PDSCH) group ID 

ii. Total-DAI for the second slot (PDSCH) group ID 
iii. NFI for the first group ID 
iv. NFI for the second group ID
B. FFS

i. Group ID indicator for HARQ-ACK request
ii. Switching with Type-3 codebook 
On the DL DCI indication in the above, it would be required to support dynamic switching with Type-3 codebook (by the DCI) itself with consideration of HARQ-ACK feedback reliability, but it need to be further discussed whether the switching is indicated by explicit or implicit manner (for example, in case of indicating a same slot (PDSCH) group by both current and addition group IDs, NFI or total-DAI for the addition group ID could be used to indicate the codebook switching). In addition, for the case of PDSCH scheduling by DL fallback DCI, only current slot (PDSCH) group ID and counter-DAI for the current group ID could be included in the DCI not to increase the payload size of DL fallback DCI format supported for NR-U, and thus HARQ-ACK codebook (in terms of total-DAI, NFI, and the number of groups) could be determined based on the (latest received) DL non-fallback DCI (if it exists). 
On the UL DCI indication in the above, it is necessary to discuss whether the slot (PDSCH) group IDs for HARQ-ACK request need to be directly signalled in the DCI, or the group IDs indicated via DL grant DCI is used for determination of HARQ-ACK payload on PUSCH. To be specific, in the former case, a bitmap field can be used in the DCI to indicate whether to generate HARQ-ACK payload for each of group IDs. Besides, in the latter case, the NFI value signalled in the DCI may need be used (on top of the signalled T-DAI value) to determine whether to generate HARQ-ACK payload for a given group ID. On the other hand, in case of configured grant (CG) based PUSCH, HARQ-ACK payload on the PUSCH would be determined based on the group IDs and the corresponding T-DAI/NFI values received via DL grant DCI.
Proposal #11: Decide the HARQ-ACK related information to be signalled in DL/UL non-fallback DCI for the agreed NR-U Type-2 codebook based on the following.
· DL DCI indication

·   Current slot (PDSCH) group ID 

·   Counter-DAI for the current group ID 

·   Total-DAI for the current group ID 

·   NFI for the current group ID 
·   Addition slot (PDSCH) group ID 

·   Total-DAI for the additional group ID 

·   NFI for the additional group ID 

·   FFS
· Switching with Type-3 codebook 

· UL DCI indication

·   Total-DAI for the first slot (PDSCH) group ID 

·   Total-DAI for the second slot (PDSCH) group ID 
·   NFI for the first group ID

·   NFI for the second group ID
·   FFS

· Group ID indicator for HARQ-ACK request
· Switching with Type-3 codebook 
On the above NR-U Type-3 codebook, several issues need to be considered/discussed: 1) the DCI type used for triggering of the Type-3 codebook based HARQ-ACK feedback, 2) handling of HARQ-ACK misalignment on the Type-3 codebook between UE and gNB, 3) HARQ-ACK for the PDSCH initially scheduled with insufficient processing time, and 4) HARQ-ACK for the CC configured with CBG based transmission on the Type-3 codebook.

Firstly, regarding the DCI type for triggering of Type-3 codebook based HARQ-ACK, it would be reasonable to use UL grant DCI format with consideration of the case where gNB just want to trigger Type-3 codebook based HARQ-ACK feedback without further PDSCH scheduling for the UE. In case of using UL DCI format for Type-3 codebook HARQ-ACK, it is necessary to consider which type of UL channel is to be used for the HARQ-ACK transmission between PUCCH resource and PUSCH resource. Specifically, in the former case, the DCI needs to additionally allocate PUCCH resource for the HARQ-ACK transmission on top of allocating PUSCH resource, or the DCI only allocates PUCCH resource without PUSCH scheduling in case of triggering Type-3 codebook. On the other hand, in the latter case, the HARQ-ACK is transmitted on the PUSCH resource scheduled by the DCI, where the PUSCH could include UL-SCH based on the DCI indication or would not include UL-SCH in case of triggering Type-3 codebook.
Proposal #12: UL grant DCI format is used for triggering of the NR-U Type-3 (e.g. one-shot) codebook based HARQ-ACK feedback.

Secondly, regarding potential HARQ-ACK misalignment on the Type-3 codebook, a relevant example is provided as below (similarly with Case 1 in the above). 
1) Example of HARQ-ACK misalignment on Type-3 codebook
A. UE transmitted ACK in slot n – k (and gNB correctly received it) for HARQ process ID = X.

B. gNB triggers Type-3 codebook based HARQ-ACK feedback to be transmitted in slot n.

C. gNB also schedules PDSCH corresponding to HARQ process ID = X (with toggled NDI value) and the corresponding HARQ-ACK to be transmission in slot n.

D. BUT, UE misses the DL grant DCI scheduling the PDSCH (then, DTX-to-ACK error occurs for the HARQ process ID = X on the Type-3 codebook).

In order to handle the above HARQ-ACK misalignment situation, following three alternatives can be considered. 

1) Alt 1: not allow PDSCH scheduling (with toggled NDI) indicating the corresponding HARQ-ACK timing to the slot indicated for Type-3 codebook transmission timing.

2) Alt 2: include NFI signalling (per subset of HARQ process IDs and/or CCs) in the DCI triggering Type-3 codebook.
3) Alt 3: include the NDI value (received by DL grant DCI) together with the corresponding HARQ-ACK per each of HARQ process IDs on the PUCCH.
Among the above alternatives, first of all, Alt 3 should be excluded since it would cause quite large UCI feedback or UL resource overhead. Hence, it is proposed to support one of Alt 1 and Alt 2.

Proposal #13: Support one of following two alternatives for handling of potential HARQ-ACK misalignment on Type-3 codebook.

· Alt 1: not allow PDSCH scheduling (with toggled NDI) indicating the corresponding HARQ-ACK timing to the slot indicated for Type-3 codebook transmission timing.

· Alt 2: include NFI signalling (per subset of HARQ process IDs and/or CCs) in the DCI triggering Type-3 codebook.
Thirdly, regarding the PDSCH initially scheduled with insufficient processing time (smaller than N1), the corresponding HARQ-ACK state (e.g. ACK or NACK) needs to be updated on the Type-3 codebook, in case when the retransmission for the PDSCH is not scheduled by gNB before triggering the Type-3 codebook as the following example. 
1) Example of HARQ-ACK state update for a PDSCH

A. UE initially reported NACK for the PDSCH with HARQ process ID = X to gNB, due to lack of processing time (smaller than N1).
B. After that, gNB triggers Type-3 codebook based HARQ-ACK feedback (without retransmission PDSCH scheduling for the HARQ process ID = X).

C. UE updates HARQ-ACK state for the HARQ process ID = X on the Type-3 codebook based on actual PDSCH decoding result.

Proposal #14: HARQ-ACK state for the PDSCH initially scheduled with insufficient processing time is to be updated on Type-3 codebook based on actual PDSCH decoding result.
In addition, regarding the Type-3 codebook based HARQ-ACK corresponding to the PDSCH scheduled with insufficient processing time, the corresponding HARQ-ACK state may need to be decided/updated according to whether the NDI value for the PDSCH indicated by DL grant DCI is toggled compared to the previously indicated NDI value. For example, if the NDI value is toggled and the UE previously reported ACK for the same HARQ process ID, the HARQ-ACK on the Type-3 codebook is reported as ACK.

Lastly, regarding HARQ-ACK feedback for the CC configured with CBG on the Type-3 codebook, first of all, it is necessary to avoid quite large UCI feedback or UL resource overhead by reporting HARQ-ACK feedback for all the HARQ process IDs with inclusion of CBG-level HARQ-ACK for the CCs configured with CBG. To address this issue, following two options can be considered: Opt 1) report TB-level HARQ-ACK for the CCs configured with CBG on the Type-3 codebook, or Opt 2) allow to trigger Type-3 codebook based HARQ-ACK for subset of HARQ process IDs and/or CCs.
Proposal #15: Support one of following two options on HARQ-ACK feedback for the CC configured with CBG based transmission on Type-3 codebook.

· Opt 1: report TB-level HARQ-ACK for the CCs configured with CBG.

· Opt 2: allow to trigger Type-3 codebook for subset of HARQ process IDs and/or CCs.
Furthermore, considering the uncertainty of UL transmission due to LBT failure, it may be required to provide multiple TX opportunities in time domain (as well as in frequency domain) for the UL transmission (e.g. PUCCH/PUSCH) conveying HARQ-ACK feedback, for example, by allocating multiple candidate TX resources (within a given slot window) in order to allow multiple LBT trials for a single HARQ-ACK (PUCCH/PUSCH) transmission. 
More specifically, multiple PUCCH resource sets each of which consists of multiple (TDMed) candidate PUCCH resources are preconfigured by RRC, and one of the multiple PUCCH resource sets is indicated by PRI (PUCCH Resource Indicator) field (rather than HARQ-ACK TX timing (K1) field) in DCI. In this case, single candidate HARQ-ACK TX timing is configured per each of K1 states (e.g. code points) as in Rel-15 NR, and thus construction of the bundling window (e.g. the set of DL slots corresponding to a same HARQ-ACK timing) could also be the same with Rel-15 NR. Note that, if K1 field is used to indicate multiple candidate PUCCH timing and different number of candidate timing can configured per each K1 state, 1) construction of the bundling window could be misaligned between UE and gNB when the UE miss some DL grant DCI, and 2) allocation of multiple (TDMed) short PUCCHs within a slot would not be allowed as candidate HARQ-ACK PUCCH resources. 
In addition, considering that whether HARQ-ACK feedback is transmitted through inside or outside of gNB-initiated COT is dynamically determined/changed, different number of candidate PUCCH resources may need to be configured between different PUCCH resource sets. 
Proposal #16: Consider to support multiple candidate PUCCH resources in time domain for a single HARQ-ACK transmission based on the following approach. 

· Multiple PUCCH resource sets each of which consists of one or multiple (TDMed) candidate PUCCH resources are preconfigured by RRC then one of the PUCCH resource sets is indicated by PRI (PUCCH Resource Indicator) field in DCI.

· Different number of candidate resources can be configured between PUCCH resource sets.
Moreover, unlike the LTE eLAA, HARQ-ACK PUCCH transmission would need to be supported in the NR-U considering standalone operation. Thus, in order for management of contention window size (CWS) for the HARQ-ACK PUCCH transmission based on CAP operation, the relevant signalling (similarly with NDI for the PUSCH transmission) may need to be considered (e.g. via DL grant DCI and/or the DCI triggering HARQ-ACK feedback).
Furthermore, for the case with multiple PUSCHs over multiple CCs in CA situation, UCI needs to be piggybacked on all of the PUSCHs for reliable UCI transmission, by considering potential LBT failure in some of CCs by the UE.

· Cross-carrier scheduling
In LTE eLAA, following three types of scheduling configuration are supported in terms of relationship between scheduling cell and scheduled cell. A serving cell in unlicensed band and licensed band is denoted as U-cell and L-cell, respectively.
1) Type 1: self-CC (U-cell to U-cell) scheduling for both DL and UL
2) Type 2: cross-CC (L-cell to U-cell) scheduling for both DL and UL

3) Type 3: self-CC scheduling for DL and cross-CC scheduling for UL

In NR, basically, it is required to support comparable scheduling efficiency/flexibility with the LTE eLAA. Specifically, for the case of NR LAA, above three types of scheduling configuration are to be defined as in LTE eLAA. Moreover, even for the case of U-cell only, at least Type 1 and Type 3 would need to be supported, and especially for Type 3, it may be necessary to consider how to decide scheduling U-cell for UL of (different) scheduled U-cell.
Proposal #17: Support following Type 1/2/3 of scheduling configuration in NR LAA case and Type 1/3 in U-cell only case.

· Type 1: self-CC (U-cell to U-cell) scheduling for both DL and UL
· Type 2: cross-CC (L-cell to U-cell) scheduling for both DL and UL

· Type 3: self-CC scheduling for DL and cross-CC scheduling for UL

3. Conclusion
In this contribution, we discussed on the scheduling and HARQ procedure for NR-U operation, and the followings are proposed.
Proposal #1: Support differentiated configuration on the following features according to relationship between COT structure and HARQ related transmission in NR-U.
· HARQ timing values

· UL LBT type
· Candidate TX resource(s) 

Proposal #2: Support one of the following options as UL grant DCI signalling for multi-slot PUSCH scheduling.
· Option 1: DCI indicates 1) SLIV for the first short-duration PUSCH in the first slot, and 2) Number (R) of repetitions for the indicated SLIV.

· Option 2: DCI indicates 1) SLIV for the first short-duration PUSCH in the first slot, 2) Number (N) of allocated PUSCH resources, and 3) Ending symbol index (E) of PUSCH resource in the last slot.
Proposal #3: Support one of the following options to determine the DMRS pattern/data mapping type for multi-slot PUSCH scheduling.

· Option 1: DMRS pattern/data mapping type for the PUSCH in a slot type X is pre-configured by RRC (or pre-defined in spec) while the DMRS pattern/data mapping type for the PUSCHs in other slots is indicated via the multi-TTI grant DCI, where the slot type X can be only the first slot or both first and last slots.

· Option 2: DMRS pattern/data mapping type for both the PUSCH in a slot type X and the PUSCHs in other slots is jointly indicated via the multi-TTI grant DCI, where the slot type X can be only the first slot or both first and last slots..
Proposal #4: Consider the following aspects for aperiodic CSI reporting on the PUSCH scheduled by multi-TTI grant DCI.

· Determination of a PUSCH resource used for the CSI reporting among multiple allocated PUSCH resources.

· Support of aperiodic CSI only PUSCH without UL-SCH by using UL-SCH indicator in the multi-TTI grant DCI.
Proposal #5: Consider aperiodic SRS transmission within the slots scheduled by multi-TTI grant DCI, by adjusting the preconfigured SRS slot offset.

Proposal #6: Support CBG based transmission by CBGTI signalling for the PUSCHs scheduled by multi-TTI grant DCI based on the followings.

· Assumptions:
·  N: configured maximum number of PUSCHs schedulable by DCI

·  K: actual number of scheduled PUSCHs by the DCI

·  M: configured maximum number of CBGs

·  O1: number of NDI bits

·  O2: number of RV bits

· The size of DCI payload for multi-TTI grant DCI is determined based on max {(M + O1 + O2), (N (O1 + O2))}.
· The CBGTI is signalled for some or all of the scheduled PUSCHs according to the amount of unused NDI/RV bits as {N (O1 + O2) – K (O1 + O2)}.
Proposal #7: Support the following HARQ-ACK codebook types for NR-U.
· Type-1 HARQ-ACK codebook for NR-U
·   Alt 1: DCI indicates a reference HARQ-ACK timing (on top of actual HARQ-ACK TX timing) then UE reports HARQ-ACK feedback for a bundling window corresponding to the reference HARQ-ACK timing (in addition to the bundling window corresponding to the actual HARQ-ACK TX timing).

·   Alt 2: DCI indicates a slot offset then UE reports HARQ-ACK feedback for a bundling window corresponding to the updated K1 values by applying the indicated offset commonly to the initially-configured K1 values (in addition to the bundling window corresponding to the initially-configured K1 values).

· Type-2 HARQ-ACK codebook for NR-U

·   DCI indicates a requested slot (PDSCH) group ID (on top of indicating the current slot (PDSCH) group ID in which the scheduled slot (PDSCH) belongs to) then UE reports HARQ-ACK feedback for the slots (PDSCHs) corresponding to the requested group ID (in addition to slots (PDSCHs) corresponding to the current group ID). 

·   Note: This Type-2 codebook is already agreed to introduce for NR-U.

· Type-3 HARQ-ACK codebook for NR-U

·   DCI triggers one-shot HARQ-ACK feedback for (all or) one among multiple groups of DL HARQ process IDs (which are preconfigured by RRC) then UE reports HARQ-ACK feedback corresponding to (all or) the indicated group of HARQ process IDs.

·   DCI based dynamic switching between this Type-3 codebook and Type-1 or Type-2 codebook (where UE is configured with one of them by RRC) is supported for NR-U.

Proposal #8: Clarify NFI signalling via DCI to indicate for UE whether to keep or reset the previous HARQ-ACK state (e.g. ACK or NACK) for a given HARQ process ID. 

Proposal #9: Support to configure the maximum number (Ng) of PDSCH groups (i.e., number of PDSCH group indexes) indicated by gNB.
· The value of Ng can be configured as either 2 or 4.

· The maximum number (Nu) of PDSCH groups for which HARQ-ACK can be simultaneously transmitted on single PUCCH is fixed to 2 (not configurable).
Proposal #10: NFI and T-DAI is signalled for both scheduled PDSCH group and non-scheduled PDSCH group in the DL non-fallback DCI.

Proposal #11: Decide the HARQ-ACK related information to be signalled in DL/UL non-fallback DCI for the agreed NR-U Type-2 codebook based on the following.

· DL DCI indication

·   Current slot (PDSCH) group ID 

·   Counter-DAI for the current group ID 

·   Total-DAI for the current group ID 

·   NFI for the current group ID 
·   Addition slot (PDSCH) group ID 

·   Total-DAI for the additional group ID 

·   NFI for the additional group ID 

·   FFS
· Switching with Type-3 codebook 

· UL DCI indication

·   Total-DAI for the first slot (PDSCH) group ID 

·   Total-DAI for the second slot (PDSCH) group ID 
·   NFI for the first group ID

·   NFI for the second group ID
·   FFS

· Group ID indicator for HARQ-ACK request
· Switching with Type-3 codebook 
Proposal #12: UL grant DCI format is used for triggering of the NR-U Type-3 (e.g. one-shot) codebook based HARQ-ACK feedback.

Proposal #13: Support one of following two alternatives for handling of potential HARQ-ACK misalignment on Type-3 codebook.

· Alt 1: not allow PDSCH scheduling (with toggled NDI) indicating the corresponding HARQ-ACK timing to the slot indicated for Type-3 codebook transmission timing.

· Alt 2: include NFI signalling (per subset of HARQ process IDs and/or CCs) in the DCI triggering Type-3 codebook.
Proposal #14: HARQ-ACK state for the PDSCH initially scheduled with insufficient processing time is to be updated on Type-3 codebook based on actual PDSCH decoding result.
Proposal #15: Support one of following two options on HARQ-ACK feedback for the CC configured with CBG based transmission on Type-3 codebook.

· Opt 1: report TB-level HARQ-ACK for the CCs configured with CBG.

· Opt 2: allow to trigger Type-3 codebook for subset of HARQ process IDs and/or CCs.
Proposal #16: Consider to support multiple candidate PUCCH resources in time domain for a single HARQ-ACK transmission based on the following approach. 

· Multiple PUCCH resource sets each of which consists of one or multiple (TDMed) candidate PUCCH resources are preconfigured by RRC then one of the PUCCH resource sets is indicated by PRI (PUCCH Resource Indicator) field in DCI.

· Different number of candidate resources can be configured between PUCCH resource sets.
Proposal #17: Support following Type 1/2/3 of scheduling configuration in NR LAA case and Type 1/3 in U-cell only case.

· Type 1: self-CC (U-cell to U-cell) scheduling for both DL and UL
· Type 2: cross-CC (L-cell to U-cell) scheduling for both DL and UL

· Type 3: self-CC scheduling for DL and cross-CC scheduling for UL
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