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 Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK16][bookmark: OLE_LINK1][bookmark: OLE_LINK15]In RAN #82 meeting, the new WID on NR-U (NR-based Access to Unlicensed Spectrum) [1] aims to identify solutions and techniques for next generation wireless systems operating on unlicensed bands. In the WID, multiple TTI scheduling and HARQ operation are included. In RAN1 Ad-hoc meeting, the below agreements were reached on HARQ for NR-U.
Agreement:
· RRC parameter dl-DataToUL-ACK supports a value that can be signaled by PDSCH-to-HARQ-timing-indicator, which indicates that the UE needs to store the HARQ A/N feedback result for the corresponding PDSCH, and which does not provide any timing for the transmission of this HARQ A/N feedback result
Agreement:
For enabling multiple opportunities for HARQ A/N transmission and for cross-COT HARQ-ACK feedback, at least the following is supported:
gNB requests/triggers feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback, where the exact HARQ feedback timing and resource is provided to the UE in another DCI (in the same or in another COT)
Agreement:
Cross-carrier HARQ re-transmissions will not be discussed for NR-U in Rel-16
In RAN1 #96 and #96bis meetings, the below agreement were reached.
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
Agreement:
A non-numerical value is added to the possible range of PDSCH-to-HARQ-timing-indicator values defined in Rel-15, and is used to indicate to the UE that the HARQ-ACK feedback for the corresponding PDSCH is postponed until the timing and resource for the HARQ-ACK feedback is provided by the gNB.
Agreement:
Restrict further discussion on HARQ codebook to the following:
· For dynamic HARQ codebook:
· PDSCH grouping by explicitly signalling a group index in DCI scheduling the PDSCH
· gNB can request HARQ-ACK feedback in the same PUCCH for all PDSCHs in the same group
· Option 1: 
· One PUCCH can carry HARQ-ACK feedback for one or more PDSCH groups
· DCI can request HARQ-ACK feedback for one or more PDSCH groups 
· FFS one of the two options below
· C-DAI/T-DAI can be accumulated across multiple PDSCH groups for which feedback is requested in the same PUCCH
· C-DAI/T-DAI is accumulated only within one PDSCH group
· FFS: New ACK-Feedback Group Indicator for each PDSCH Group
· The number of HARQ-ACK bits for one PDSCH group is constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission, i.e. the PDSCH group cannot be enlarged after the first feedback transmission
· Option 2: 
· One PUCCH can carry HARQ-ACK feedback for a single PDSCH group
· FFS: Feedback for more than one PDSCH group
· DCI can request HARQ-ACK feedback for a single PDSCH group
· FFS: Requests for more than one PDSCH group
· C-DAI/T-DAI is accumulated within one PDSCH group
· A reset indicator signals new HARQ-ACK feedback for a PDSCH group
· The number of HARQ-ACK bits for one PDSCH group may not be constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission
· 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

In RAN1#97 meeting, the following agreements about HARQ were reached:
Agreement:
For multiple PUSCHs scheduled by a single DCI
· The following fields in the DCI are signalled per PUSCH
· NDI
· RV (FFS: compression scheme for RV)
· FFS if CBG-based re-transmission is supported for multi-TTI scheduling, at least the following options are considered for signalling the CBGTI field in the DCI
· Option 1: per re-transmitted PUSCH 
· FFS: limitations on number of re-transmitted PUSCH for which CBGTI field is signalled
· Option 2: per PUSCH
· Option 3: only for a fixed number of PUSCHs
· HARQ process ID signalled in the DCI applies to the first scheduled PUSCH. HARQ process ID is then incremented by 1 for subsequent PUSCHs in the scheduled order (with modulo operation as needed)
· Time domain resource assignment mechanism is enhanced for indicating the number of scheduled mapping Type A and Type B PUSCHs, and their starting and ending symbols
· At least continuous time domain resource assignment is supported 
· FFS: whether multiple mapping Type B PUSCHs is allowed within the first slot
· FFS: whether multiple starting positions is allowed for UE-initiated COT (discussed as part of agenda 7.2.2.1.3) 
· FFS: configuration/signalling details
· CSI request field in the DCI applies to a single PUSCH
· FFS: relation between the timing of the triggered CSI-RS and the PUSCH carrying the CSI feedback, and how to determine which PUSCH carries the CSI feedback
· FFS: Whether existing DCI formats can be extended or new formats are necessary and associated details for supporting scheduling multiple PUSCHs
· FFS: Potential impact on MCS signalling for re-transmission
· Note: Indication of the LBT type and priority class should be possible with the DCI
· Note: SRS request field in the DCI applies to a single slot with the applicable slot signalled as in Rel-15
· Note: The number of DAI fields is not increased as compared to the single PUSCH scheduling DCI in Rel-16. Applicability of the DAI field is the same as multi-slot PUSCH scheduling in Rel-15.

Agreement:
For operation with dynamic HARQ codebook (type-2 codebook):
· PDSCH grouping by explicitly signalling a group index in DCI scheduling the PDSCH
· For any PDSCH scheduled with numerical or non-numerical value of K1
· The number of HARQ-ACK bits for one PDSCH group can change between successive requests for HARQ-ACK feedback for the same PDSCH group
· HARQ-ACK feedback for all PDSCHs in the same group is carried in the same PUCCH 
· One DCI can request HARQ-ACK feedback for one or more PDSCH groups in the same PUCCH
· C-DAI/T-DAI is accumulated only within each PDSCH group
· FFS: Choose between the following options:
· T-DAI is included only for the scheduled group
· T-DAI is included for each group
· New ACK-Feedback Group Indicator for each PDSCH Group operates as a toggle bit
· Maximum number of PDSCH groups: 2 (FFS: maximum number of groups 4 and maximum number of groups for which feedback is requested in the same PUCCH)
· A UE can signal support of this feature as part of capability signaling
In this contribution, we discuss scheduling and HARQ aspects for NR-U, such as HARQ-ACK transmission, HARQ-ACK codebook and multiple TTI scheduling.
 Discussion
HARQ-ACK codebook
For NR, both semi-static and dynamic HARQ-ACK codebooks are supported to achieve multiple TBs, TTIs, carriers, and CBGs HARQ-ACK transmission in a HARQ-ACK codebook at the same time. For NR-U, some further enhancements should be considered.
Enhancement of dynamic HARQ-ACK codebook
Dynamic HARQ codebook has the benefit of significant overhead reduction because only the actual scheduled PDSCHs need to be acknowledged. For NR-U dynamic HARQ-ACK codebook, many conclusions have been reached at the last two meetings. wherein, gNB can request HARQ-ACK feedback for one or more PDSCH groups in DCI scheduling the PDSCH and the number of HARQ-ACK bits for one PDSCH group can change between successive requests for HARQ-ACK feedback for the same PDSCH group. In addition, HARQ-ACK feedback for all PDSCHs in the same group is allowed to be carried in the same PUCCH. To realize this dynamic HARQ codebook scheme, at least the following fields should be comprised in the DCI scheduling the PDSCH compared with the legacy DCI:
· A PDSCH group ID field used to indicate UE the PDSCH scheduled by this DCI belong to which PDSCH group
· Feedback triggering group indicator to indicate UE which PDSCH groups HARQ-ACK feedback are requested
· New ACK-Feedback group indicator for each PDSCH Group operates as a toggle bit
Though this scheme, multiple opportunities for HARQ-ACK transmission and for cross-COT HARQ-ACK feedback can be realized. Such as the pending HARQ-ACK feedback for the ACK/NACK feedback re-transmission due to UE LBT failure or gNB detection failure. Till now, one FFS is left that is about T-DAI included method as below.
C-DAI/T-DAI is accumulated only within each PDSCH group
· FFS: Choose between the following options:
Option1: T-DAI is included only for the scheduled group
Option2: T-DAI is included for each group
The difference between the two options is whether the T-DAI for other requested PDSCH group besides the scheduled PDSCH group is also included or not in the requested DCI. If the T-DAI for each requested PDSCH group is included, more DCI overhead will be needed. Meanwhile, as the T-DAI for other requested PDSCH group has been included in other DCI before as illustrated in figure1 below. Therefore, we suggest that T-DAI included only for the scheduled group may be a better choice, that is the above option1.

 
Figure 1 Exemplary implementation for multi-PDSCH-group HARQ-ACK requested using DCI 
Proposal 1: It is recommended that T-DAI is included in the DCI only for the scheduled PDSCH group.
Furthermore, for the maximum number of PDSCH groups, we think 2 groups is enough because each PDSCH group can extended to contain more PDSCHs. Besides, the maximum number of groups for which feedback is requested in the same PUCCH is also 2. Because if more PDSCH groups are supported, more DCI bits are needed as the feedback triggering group indicator and the new ACK-Feedback group indicator multiplied. 
Proposal 2: The maximum number of PDSCH groups and the maximum number of groups for which feedback is requested in the same PUCCH should be 2.
Enhancement of semi-static HARQ-ACK codebook
For semi-static HARQ-ACK codebook in NR-U, due to potential supplementary transmission of HARQ-ACK, the HARQ-ACK codebook size can be very large, e.g., a huge burden for UL control channel. If group based HARQ-ACK transmission for semi-static codebook is supported, how to partition the PDSCH group should be considered.
Meanwhile, a sliding window can be considered for UE to reduce the semi-static HARQ-ACK codebook size as illustrated in Figure 2. And UE can feedback the HARQ-ACK that can meet the timing in the window and these PDSCHs can be considered as one group. The size of the sliding window can be RRC configured or DCI indicated. And the timing of the HARQ-ACK codebook feedback can be from the last slot of the window, and the value of the size can be predefined or configured in the RRC. In this case, the size of the HARQ-ACK codebook can be the same as the size of the sliding window. If UE does not receive the PDSCH, it can feedback NACK, or the size of the HARQ-ACK is the number of PDSCH that UE actually received like dynamic codebook, that is to say, UE can determine the size of HARQ-ACK codebook based on the DAI value.


Figure 2 Sliding window scheme for HARQ-ACK semi-static codebook
Proposal 3: A sliding window can be considered for UE to reduce the semi-static HARQ-ACK codebook size and the PDSCH in this window can be one group.
PDSCH-to-HARQ-timing-indicator
Non-numerical k1 value
[bookmark: _Hlk7099208][bookmark: _Toc7701979][bookmark: _Toc7782443]For the non-numerical K1 value what still needs to be specified is how to determine the timing for the pending HARQ-ACK feedback. The timing for the pending HARQ-ACK feedback can be set to be the same as the first subsequently transmitted PDSCH that belongs to the same group and with valid PDSCH-to-HARQ-timing-indicator will be a good solution. Meanwhile, the DAI value for the first PDSCH with a valid PDSCH-to-HARQ-timing-indicator should also include the previous PDSCH(s) with non-numerical PDSCH-to-HARQ-timing-indicator that belong to the same PDSCH group as illustrated in Figure 3. Besides, considering the HARQ-ACK feedback, the times of non-numerical value indication for the same PDSCH should be only once.


Figure 2 Exemplary for the pending HARQ-ACK feedback timing of non-numerical K1 value
Proposal 4: The timing for the HARQ-ACK feedback with non-numerical PDSCH-to-HARQ-timing-indicator value is set to be the same as the first subsequently transmitted PDSCH that belongs to the same group, wherein, PDSCH-to-HARQ-timing-indicator for first subsequently transmitted PDSCH should not be non-numerical.
Extend the largest value of k1
Some companies prefer to extend the largest value of K1 in the PDSCH-to-HARQ-timing-indicator configured by RRC for the case of 10 ms COT duration and 60 kHz SCS configured. However, since Rel-16 NR-U does not support 60 kHz SCS for SS/PBCH block or PRACH, the usage of 60 kHz SCS may be limited to some specific scenario and 15 kHz or 30 kHz SCS would be more commonly used on NR-U carrier for single numerology operation. 
In case of 15 kHz or 30 kHz SCS, even for 10-ms COT, the current maximum value of PDSCH-to-HARQ feedback timing indicator would be sufficient since the number of slots within a 10-ms COT is 10 for 15 kHz and 20 for 30 kHz SCS, while the maximum value of PDSCH-to-HARQ feedback timing indicator in the current spec. is 15. Thus, extending the largest value of K1 to more than 3 bits or large than 15 is not essential, and it seems to be just an optimization for flexibility. Therefore, we propose not to extend the PDSCH-to-HARQ feedback timing indicator for HARQ A/N transmission for corresponding data in the same shared COT.
Proposal 5: For Rel-16 NR-U, extending the maximum value of dl-DataToUL-ACK from 15 is not supported for HARQ-ACK transmission for corresponding data in the same shared COT, and the size of PDSCH-to-HARQ feedback timing indicator field is the same as in Rel-15.
Multiple opportunities for HARQ-ACK transmission
multiple opportunities in frequency domain
Multiple opportunities in frequency domain for HARQ-ACK transmission can be configured in NR-U to alleviate the impact of LBT failure. For example, multiple candidate carriers/BWPs/sub-bands in a BWP can be configured for HARQ A/N transmission. And UE can choose one HARQ-ACK resource to transmit HARQ-ACK if LBT succeeds in at least one carrier/BWP/sub-band. The selection rule would be to select the smallest carrier/BWP/sub-band in a BWP index.
Proposal 6: Multiple opportunities in frequency domain in different LBT subbands should be supported to provide multiple frequency domain opportunities for HARQ-ACK feedback, such as multiple carriers/subbands.
multiple opportunities in time domain
It is better to allow multiple opportunities in time domain for a UE to transmit one HARQ-ACK feedback. For example, the DCI can indicate the multiple slot positions or indicate the delayed time allowed for the HARQ-ACK feedback. Specifically, a HARQ-ACK feedback window can be defined and the window comprises multiple consecutive slots as illustrated in Figure 3, and the size of the window can be indicated in the DCI. Or multiple slot sets can be configured by RRC, and the DCI give the multiple slot set index.


Figure 3 HARQ-ACK feedback window
Proposal 7: Multiple opportunities in time domain should be supported to provide multiple time domain opportunities for HARQ-ACK feedback, such as a HARQ-ACK feedback window or allowed delayed slots.
Multiple TTIs scheduling 
In LAA, multi-subframe scheduling was specified in Rel-14 where a single DCI can schedule multiple consecutive UL subframe transmissions. This scheme can be applied to NR-U and each UE can be scheduled with multiple PUSCHs in the consecutive slots. And the fields design contained in the DCI is the key point. In the #97 meeting, some of the fields in the DCI design have been specified, such as the HARQ process ID, NDI, RV, indication of the LBT type and priority class, and SRS request field. Below aspects are still FFS.
Firstly, for CBG based re-transmission it should be supported as it is quite useful when some CBGs suffer from burst interference in unlicensed band. Besides, the following options are considered for the CBGTI field in the DCI design, only one can be selected.
· Option 1: per re-transmitted PUSCH 
· FFS: limitations on number of re-transmitted PUSCH for which CBGTI field is signalled
· Option 2: per PUSCH
· Option 3: only for a fixed number of PUSCHs

For option 1, the signalling overhead reduction can be achieved if only the CBGTI for the re-transmission TB is included in the DCI. For option 2, the signalling overhead will be very large as more PUSCH is scheduled. And for option 3, there will be some restrictions or unreasonable as only the re-transmission PUSCH need the CBGTI and the initial PUSCH transmission does not need the CBGTI.
Proposal 8: The CBGTI field in the multiple TTIs scheduling should be per re-transmitted PUSCH.
Secondly, for time domain resource assignment mechanism, it should be enhanced for indicating the number of scheduled mapping Type A and Type B PUSCHs and their starting and ending symbols. Furthermore, multiple mapping Type B PUSCHs can be allowed within the first slot to improve the UL transmission probability, and multiple candidate starting positions in one slot can be achieved.
Proposal 9: Multiple mapping Type B PUSCHs can be allowed within the first slot.
For DCI formats, as in LAA, two types of DCI can be introduced, such as DCI formats 0_0A/0_1A and 0_0B/0_1B to different single TTI scheduling and multiple TTIs scheduling for NR-U.
For CSI request field in the multiple TTI scheduling DCI applies to a single PUSCH, the relation between the timing of the triggered CSI-RS and the PUSCH carrying the CSI feedback can refer the LAA multi-subframe scheduling scheme. For example, the CSI request in DCI format 0_0B/0_1B applies to 2nd scheduled TTI if Nmax=2, and otherwise applies to the penultimate scheduled TTI. 
Proposal 10: For DCI formats and CSI request field apply to which PUSCH, the same design as in LAA can be considered. 
[bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0994] Conclusion 
In this contribution, we discuss scheduling and HARQ aspects for NR operation in unlicensed spectrum, and have the following proposals:
Proposal 1: It is recommended that T-DAI is included in the DCI only for the scheduled PDSCH group.
Proposal 2: The maximum number of PDSCH groups and the maximum number of groups for which feedback is requested in the same PUCCH should be 2.
Proposal 3: A sliding window can be considered for UE to reduce the semi-static HARQ-ACK codebook size and the PDSCH in this window can be one group.
Proposal 4: The timing for the HARQ-ACK feedback with non-numerical PDSCH-to-HARQ-timing-indicator value is set to be the same as the first subsequently transmitted PDSCH that belongs to the same group, wherein, PDSCH-to-HARQ-timing-indicator for first subsequently transmitted PDSCH should not be non-numerical.
Proposal 5: For Rel-16 NR-U, extending the maximum value of dl-DataToUL-ACK from 15 is not supported for HARQ-ACK transmission for corresponding data in the same shared COT, and the size of PDSCH-to-HARQ feedback timing indicator field is the same as in Rel-15.
Proposal 6: Multiple opportunities in frequency domain in different LBT sub-bands should be supported to provide multiple frequency domain opportunities for HARQ-ACK feedback, such as multiple carriers/sub-bands.
Proposal 7: Multiple opportunities in time domain should be supported to provide multiple time domain opportunities for HARQ-ACK feedback, such as a HARQ-ACK feedback window or allowed delayed slots.
Proposal 8: The CBGTI field in the multiple TTIs scheduling should be per re-transmitted PUSCH.
Proposal 9: Multiple mapping Type B PUSCHs can be allowed within the first slot.
Proposal 10: For DCI formats and CSI request field apply to which PUSCH, the same design as in LAA can be considered. 
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