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1. Introduction

In RAN1#96 meeting [1], the following agreement was made on HARQ operation in NR-U.
	Agreement:
Scheduling PUSCH over multiple slots/mini-slots by single DCI supports at least multiple continuous PUSCHs with separate TBs

· Each TB is mapped to at most one slot or one mini-slot


In this contribution, we discuss on HARQ procedure for NR-U operation in terms of data scheduling and HARQ-ACK feedback mechanism.
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: Consider differentiation on the following parameters according to relationship between COT structure and HARQ related transmission in NR-U.
· Dynamic HARQ timing
· CAP operation (e.g. LBT type)
· Candidate TX starting symbol(s) 
In case of PUSCH, considering LBT (CCA) failure, multiple candidate starting symbols can be configured for a single PUSCH transmission while single fixed ending symbol is indicated. In this case, the PUSCH signal (e.g. coded bits by rate-matching) is generated based on first candidate starting symbol, and given that, actual mapping symbols (including starting symbol) for the PUSCH signal could be shifted (and the last part of the PUSCH signal would be punctured) in case of LBT failure. On the other hand, even for the case of LBT failure, DMRS symbol would require not to be shifted with consideration of multi-UE multiplexing on a same DMRS symbol.
· 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). 
For example, in case of the starting/ending symbol for PUSCH transmission in each of the multiple slots, 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, in case of DMRS pattern (and/or data mapping type) for PUSCH in each of the multiple slots, Alt 1) DMRS pattern (data mapping type) for PUSCH in the first/last (partial) slot is indicated via the multi-TTI grant DCI while the information for PUSCH in other (full) slots is pre-configured by RRC, or Alt 2) the information (combination) for both PUSCH in the first/last slot and PUSCH in other slots is jointly indicated via the multi-TTI grant DCI. 
In addition, CBG based retransmission can also be considered for the case of multi-TTI scheduling for PUSCH (for example, by applying one CBGTI field only to one (e.g. first) or all of multiple scheduled slots). Furthermore, to reduce potential (increased) DCI overhead for multi-TTI scheduling UL grant (compared to LTE eLAA), joint indication of some parameters such as (starting) HARQ process ID, NDI/RV, the number of TBs (indicated via separate field in LTE eLAA) need to be considered in NR-U. 
Proposal #2: Consider the following aspects in design of multi-TTI scheduling for PUSCH by using a single UL grant in NR-U.
· Flexible PUSCH starting/duration in NR 

· Various DMRS pattern (symbol) in NR

· Joint indication of HARQ related information
· Data mapping and retransmission

In NR-U, similarly with LTE eLAA, it is needed to support multiple candidate starting symbols for a transmission with consideration of CAP failure for resource efficiency. Here, since earlier portion (e.g. lower symbol index or CB(G) index) of the scheduled data channel would be punctured due to CAP failure and retransmitted frequently (compared to other portion), it may need to consider the proper data mapping and retransmission for NR-U. For example, it can be considered to change the mapping order of CB(G) index per each of transmissions (e.g. mirroring or cycling), and/or to apply the distributed mapping in frequency domain considering the interleaved RA type in UL (e.g. UCI-like mapping over all the PRBs or per each of PRBs). For another example, it can be considered to construct CBG having uneven number of CBs (e.g. less CBs in lower CBG index, more CBs in higher CBG index), and/or to indicate retransmission of either whole TB or earlier portion by the gNB (and HARQ-ACK is reported correspondingly by the UE). 
Proposal #3: Consider the following aspects for the CAP based data transmission with multiple candidate TX starting symbols in NR-U.
· Data mapping rule

· Retransmission structure

· 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 (denoted as “Type-1” codebook)
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 (denoted as “Type-2” codebook)
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 based on DCI triggering (denoted as “Type-3” codebook)
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 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). For another example, 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. 
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Figure 1. Example of HARQ-ACK feedback based on DCI triggering

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 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.
Proposal #4: Support HARQ-ACK mechanism/codebook based on the DCI triggering for NR-U operation based on the following approaches:

· Approach 1: A reference HARQ-ACK timing (on top of actual HARQ-ACK TX timing) is indicated by the triggering DCI then UE reports HARQ-ACK feedback for a bundling window corresponding to the reference HARQ-ACK timing (through actual HARQ-ACK TX timing).
· Approach 2: A slot group ID is indicated by the triggering DCI then UE reports HARQ-ACK feedback for the DL slots corresponding to the indicated slot group ID, and in this case, each DL grant DCI indicates the current slot group ID in which the scheduled DL slot belongs to.
· Approach 3: One of multiple sets of HARQ process IDs (which are preconfigured by RRC) is indicated by the triggering DCI then UE reports HARQ-ACK feedback corresponding to the indicated set of HARQ process IDs.

In case of Approach 2, more specifically, HARQ-ACK related information signalled via DL grant DCI can be considered as 1) current slot group ID, 2) counter/total-DAI for current slot group ID, 3) requested slot group ID, and 4) total-DAI for requested slot 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 groups (and/or corresponding slot group ID) to support PUSCH piggybacking of HARQ-ACK corresponding to the slot groups. Moreover, in case of Approach 3, 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 (especially for Approach 3), 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 Approach 3) 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 Approach 3) 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 #5: Consider NFI (New Feedback Indicator) signalling via DCI (by toggling manner) 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, in order to avoid potential HARQ-ACK error (involved with PDSCH retransmission latency) between UE and gNB. 

In actual NR-U situation, the COT would dynamically/differently be composed based on the CAP, and according to the COT structure, HARQ-ACK feedback type in terms of HARQ-ACK codebook (size) and the corresponding PUCCH transmission timing/resource, could be different. In some cases, for a same UE, all of the HARQ-ACK(s) corresponding to the PDSCH(s) scheduled/transmitted in a COT can be transmitted in the same COT (based on “immediate” feedback of HARQ-ACK). In other cases, on the other hand, (some or all of) the HARQ-ACK(s) corresponding to the PDSCH(s) scheduled/transmitted in a COT is indicated (by the gNB) to be delayed (for certain time duration), then to be transmitted in different COT (based on “triggering” of HARQ-ACK feedback), with consideration of HARQ processing time (for the UE) and UL resource efficiency (for the gNB). 
Hence, since COT composition and HARQ-ACK feedback type according to the COT structure is dynamically (and differently) determined, correspondingly as shown in Figure 2, it is required to consider dynamic switching (e.g. based on DCI signalling) between “immediate” HARQ-ACK feedback type (e.g. Type-1/2 codebook in the above) and “trigger-based” HARQ-ACK feedback type (e.g. Type-3 codebook in the above). In this case, the switching could be done by using a separate field (in DCI) explicitly indicating HARQ-ACK feedback type or by indicating a special state of certain field used for other purpose.
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Figure 2. Example of HARQ-ACK feedback considering dynamic COT in NR-U
Proposal #6: Support dynamic switching between “immediate” HARQ-ACK feedback type (e.g. Type-1/2 codebook based on bundling window/DAI signalling) and “trigger-based” HARQ-ACK feedback type (e.g. Type-3 codebook based on DCI triggering), with consideration of dynamic COT and CAP operation in NR-U.

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 #7: 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 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).
· Minimum HARQ processing time
In NR, required minimum UE processing time (N1 for processing between PDSCH ending symbol and corresponding HARQ-ACK starting symbol, N2 for processing between PDCCH ending symbol and corresponding PUSCH starting symbol) and related behaviour are defined. In NR-U, considering multiple candidate TX starting symbols of single PUCCH or PUSCH and different starting symbol timing according to CAP, the N1/N2 timeline (based on DL ending symbol and UL starting symbol) need to be checked with consideration of variable UL starting symbol according to the CAP operation (e.g. if the first symbol is not met while the second symbol is met for N1/N2).
Proposal #8: Consider minimum UE HARQ processing timeline according to CAP operation with multiple candidate TX starting symbols in NR-U.

Furthermore, it was captured in NR-U SI TR that a gap up to 16-usec between DL transmission ending and UL transmission starting may be beneficial to support the UL transmission without LBT. On this issue, it is necessary to discuss first on whether it would have some specification impacts or it would be gNB implementation issue, in terms of filling the gap with some channels/signals with consideration of potential variation of gap size and the configuration/signalling of the channels/signals). 
3. Conclusion
In this contribution, we discussed on the scheduling and HARQ procedure for NR-U operation, and the followings are proposed.
Proposal #1: Consider differentiation on the following parameters according to relationship between COT structure and HARQ related transmission in NR-U.
· Dynamic HARQ timing
· CAP operation (e.g. LBT type)
· Candidate TX starting symbol(s) 

Proposal #2: Consider the following aspects in design of multi-TTI scheduling for PUSCH by using a single UL grant in NR-U.
· Flexible PUSCH starting/duration in NR 

· Various DMRS pattern (symbol) in NR

· Joint indication of HARQ related information
Proposal #3: Consider the following aspects for the CAP based data transmission with multiple candidate TX starting symbols in NR-U.
· Data mapping rule

· Retransmission structure

Proposal #4: Support HARQ-ACK mechanism/codebook based on the DCI triggering for NR-U operation based on the following approaches:

· Approach 1: A reference HARQ-ACK timing (on top of actual HARQ-ACK TX timing) is indicated by the triggering DCI then UE reports HARQ-ACK feedback for a bundling window corresponding to the reference HARQ-ACK timing (through actual HARQ-ACK TX timing).
· Approach 2: A slot group ID is indicated by the triggering DCI then UE reports HARQ-ACK feedback for the DL slots corresponding to the indicated slot group ID, and in this case, each DL grant DCI indicates the current slot group ID in which the scheduled DL slot belongs to.
· Approach 3: One of multiple sets of HARQ process IDs (which are preconfigured by RRC) is indicated by the triggering DCI then UE reports HARQ-ACK feedback corresponding to the indicated set of HARQ process IDs.

Proposal #5: Consider NFI (New Feedback Indicator) signalling via DCI (by toggling manner) 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, in order to avoid potential HARQ-ACK error (involved with PDSCH retransmission latency) between UE and gNB. 

Proposal #6: Support dynamic switching between “immediate” HARQ-ACK feedback type (e.g. Type-1/2 codebook based on bundling window/DAI signalling) and “trigger-based” HARQ-ACK feedback type (e.g. Type-3 codebook based on DCI triggering), with consideration of dynamic COT and CAP operation in NR-U.

Proposal #7: 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 #8: Consider minimum UE HARQ processing timeline according to CAP operation with multiple candidate TX starting symbols in NR-U.
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