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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In RAN#82 meeting, the WID of the NR access to the unlicensed spectrum has been approved [1]. The following physical layer procedures have been identified as the objectives of the work item.
-	Physical layer procedure(s) including [RAN1, RAN2]:
[bookmark: _Hlk532426838]- 	HARQ operation: NR HARQ feedback mechanisms are the baseline for NR-U operation with extensions in line with agreements during the study phase (NR-U TR section 7.2.1.3.3), including immediate transmission of HARQ A/N for the corresponding data in the same shared COT as well as transmission of HARQ A/N in a subsequent COT. Potentially support mechanisms to provide multiple and/or supplemental time and/or frequency domain transmission opportunities. (RAN1)
-	Scheduling multiple TTIs for PUSCH in-line with agreements from the study phase (TR 38.889, Section 7.2.1.3.3). (RAN1)
…
In this contribution we discuss potential issues on NR-U HARQ enhancement.
2. Discussion
2.1. HARQ-ACK feedback
1. 
2. 
2.1. 
Trigger design and codebook determination
In RAN1#98 meeting [3], following agreements about HARQ-ACK feedback mechanism were achieved:
 (
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:
F
or enhanced dynamic HARQ-ACK codeboo
k 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
)
[bookmark: OLE_LINK7][bookmark: OLE_LINK9]With explicit request/trigger, it is allowed to trigger/request a report for missed or unreported HARQ-ACK feedback(s) in case of LBT failure for PUCCH/PUSCH transmission, or in case of PUCCH/PUSCH detection failure at gNB, or in case of PDCCH detection failure at UE, or in case of HARQ-ACK feedback pending from earlier COT(s). 
· Design of DCI fields for dynamic codebook
In the last meeting, there are two alternatives for enhanced dynamic codebook as 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
Alt-2 can indicate more detailed information for HARQ-ACK feedback to avoid misalignment or ambiguity between gNB and UE resulting from PDCCH detection failure, at the cost of larger DCI size. In fact, aforementioned misalignment or ambiguity could be resolved by implementation. For example, if the gNB can’t successfully decode the reported HARQ-ACK codebook with two groups triggered, it may judge there is some misalignment or ambiguity with the UE, then, only one group is triggered by scheduling one more PDSCH belonging to this group. 
In comparison, Alt-1 can always save several bits for each downlink non-fallback scheduling DCI, i.e. DCI format 1_1, resulting in more efficient resource utilization and better coverage performance. So Alt-1 seems to be a little better than Alt-2.
Proposal 1: In DCI format 1_1, NFI and T-DAI are indicated only for the scheduled group.
Besides, in a non-fallback scheduling DCI, one bit is required for indicating current scheduled group, one bit for NFI of current scheduled group, and one bit for triggering of the other group, and the legacy DAI in the DCI is used to indicate C-DAI of current scheduled group. So totally 3 bits shall be introduced in a non-fallback scheduling DCI to support enhanced dynamic codebook.
[bookmark: OLE_LINK8][bookmark: OLE_LINK10]Proposal 2: Totally 3 bits shall be introduced in DCI format 1_1, one bit for indicating current scheduled group, one bit for NFI of current scheduled group, and one bit for triggering of the other group.
For downlink fallback scheduling DCI, i.e. DCI format 1_0, it is more critical to keep the bits to guarantee the coverage performance, so the extension to trigger HARQ-ACK feedback of non-scheduled group may not be feasible. Scheduled group index could be kept in the DCI to be indicated dynamically to guarantee scheduling flexibility, as well as the NFI of scheduled group to dynamically reflect the HARQ-ACK feedback requirement. So totally 2 bits could be introduced in DCI format 1_0.
Proposal 3: Totally 2 bits could be introduced in DCI format 1_0, one bit for indicating current scheduled group, and one bit for NFI of current scheduled group.
When the other group (i.e. the non-scheduled group) is triggered as well as the scheduled group, how to organize the dynamic codebook by UE should be considered. Since there are only two groups, a simple way is that the codebook for the second group is appended after that for the first group.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Proposal 4: When the other group is triggered, the dynamic codebook is constructed as that the codebook for the second group is appended after that for the first group.
· Dynamic codebook for SPS PDSCH
In NR Rel-15 there can be only one SPS configuration for downlink, and the minimal configurable period is 10 milliseconds. In eURLLC, there could be more than one downlink SPS configuration, and the period configuration is also extended to support periods smaller than 10 milliseconds, such as one slot. If these extensions could be reused in NR-U, how to deal with them in the framework of enhanced dynamic codebook, including PDSCH grouping and HARQ-ACK retransmission?
Proposal 5: Downlink SPS PDSCHs in the framework of enhanced dynamic codebook should be studied, particularly when there may be more than one active SPS configuration with smaller periods.
· Considerations about semi-static codebook
With respect to semi-static codebook, in order to not introduce additional complexity, semi-static codebook in NR Rel-15 can be reused in NR-U with no enhancements. When there is a need to retrieve pending HARQ-ACK feedbacks for PDSCHs scheduled in the tail part of last COT, or to trigger retransmission of missed or unreported HARQ-ACK feedbacks, one-shot group HARQ-ACK feedback for all configured HARQ processes could be used.
Proposal 6: Semi-static codebook in NR Rel-15 is reused in NR-U with no enhancements. One-shot group HARQ-ACK feedback for all configured HARQ processes is performed whenever needed.
· One-shot group HARQ-ACK feedback on top of dynamic codebook and semi-static codebook
During downlink scheduling, there may be some cases in which normal scheduling DCIs could not be indicated:
· All HARQ processes are exhausted but corresponding HARQ-ACK feedbacks have not been received successfully.
· There is no downlink data available for UE, so no normal scheduling DCI will be indicated to the UE, but there remains the need to request retransmission of HARQ-ACK feedbacks for occupied groups.
In these cases, a group-common DCI triggering multiple UEs to report HARQ-ACK feedbacks can be beneficial from triggering overhead reduction perspective. Since usually, a gNB-initiated COT with multiple UEs to report HARQ-ACK feedbacks in the same COT is a typical scenario and thus triggering multiple UEs seems to be natural and reasonable design as well. The group-common DCI could include a group level bitmap for each involved UE to request HARQ-ACK feedbacks based on dynamic HARQ codebook, i.e. two bits for each bitmap, or include one bit for each UE to request one-shot group HARQ-ACK feedback for all configured HARQ processes.
When designing new DCI format, it will most probably introduce new DCI size so that it may increase the number of BD/CE at UE side.
Proposal 7: A group-common DCI could be introduced to trigger/request reports for missed or unreported HARQ-ACK feedbacks, and the limitation for the number of BD/CE at UE side should be considered.
Alternatively, to avoid increasing the number of BD/CE at UE side, gNB can use scheduling DCI format indicating invalid PDSCH allocation to only request/trigger retransmission of HARQ-ACK feedbacks. For example, the resource assignment related fields such as TDRA or FDRA in the DCI can be set as reserved values to indicate empty/invalid resource. If so, UE is triggered to transmit HARQ-ACK feedbacks only for indicated groups in the DCI when dynamic codebook is used, or transmit one-shot group HARQ-ACK feedback for all configured HARQ processes, based on the PUCCH resource and timing specified in the DCI. In this case, since no new DCI format is introduced, there is no extra burden with respect to PDCCH blind detections at the UE. 
Proposal 8: Scheduling DCI can be used to only request/trigger HARQ-ACK feedbacks by setting the resource assignment fields as reserved values to indicate empty/invalid resource.
Besides, for dynamic codebook, when HARQ-ACK feedbacks for more than one group are requested, some misalignment or ambiguity about HARQ-ACK bits, such as the number of HARQ-ACK bits, or the corresponding PDSCH for each HARQ-ACK bit, may exist between gNB and UE. The more the number of triggered groups is, the higher the probability of misalignment or ambiguity may be. To alleviate this problem, and simplify organizing the HARQ-ACK codebook, when the number of groups, or the number of HARQ-ACK bits to report is more than a configurable threshold, one-shot group HARQ-ACK feedback for all configured HARQ processes may be performed actually.
Proposal 9: When the number of PDSCH groups, or the number of HARQ-ACK bits to report is more than a configurable threshold, one-shot group HARQ-ACK feedback for all configured HARQ processes may be performed actually.
LBT category for HARQ feedback
In TR38.889 [4], there is a candidate solution that, PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH is used to indicate UE that the HARQ-ACK feedback is to be transmitted outside the current COT. This is similar to the mechanism of HARQ-ACK feedback indicator in the same COT except for UE LBT category. Since HARQ-ACK feedback is outside the shared COT, category 1 LBT or category 2 LBT may not be applicable. UE may perform category 4 LBT to access channel and then transmit HARQ-ACK in the indicated PUCCH resource.
There can be a situation described as follows. The gNB indicates UE in a COT (named COT1) to report HARQ-ACK feedbacks with a PUCCH resource that falls outside COT1 by applying category 4 LBT to access the channel. Then gNB acquires another COT (named COT2), and the indicated PUCCH resource falls inside COT2, now UE can apply category 1 LBT or category 2 LBT to report HARQ-ACK feedbacks in the indicated PUCCH resource. Meanwhile, if gNB schedules in COT2 new PDSCH transmissions for UE, of which corresponding HARQ-ACK feedbacks will also be reported in the indicated slot, then gNB can indicate UE to apply category 1 LBT or category 2 LBT to access the channel, in order to simplify UE behavior and improve  probability of successful channel access. At this time, two LBT categories are indicated by gNB for the HARQ-ACK feedbacks in a slot, which LBT category UE should follow in this scenario needs further consideration.



Figure 1 LBT category confusion for PUCCH
Observation 1: When using PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH to indicate UE to feedback HARQ-ACK outside a COT, the UE may be indicated two LBT categories for a same PUCCH resource and how the UE handles such case needs to be considered.
2.2. Multi-TTI scheduling
In RAN1#97 meeting [2], following agreement about multi-TTI scheduling was achieved:
 (
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
 indicat
ing
 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: 
P
otential 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.
)
In RAN1#98 meeting [3], there is another conclusion about multi-TTI scheduling:
 (
Conclusion:
For multi-TTI scheduling and for single TTI scheduling for PUSCH, the UE shall only attempt 
transmitting a PUSCH at the single starting position
 indicated in the UL grant in PDCCH for this PUSCH.
FFS: for msg3
)
In the following sections, we will discuss some aspects in detail about multi-TTI scheduling.
2.2.1 Resource assignment in time domain
In NR Rel-15, a time domain resource assignment mechanism is applied that the Time domain resource assignment field value m of a scheduling DCI provides a row index m + 1 to an allocated table which is defined in specification by default or semi-statically by high layer configuration for a UE. The indicated row provides PUSCH mapping type, K2, S and L (or SLIV alternatively), which specify the time domain behavior of corresponding PUSCH transmission precisely. 
When it comes to scheduling multiple PUSCHs using a single UL grant, a straightforward way is that multiple row indices to aforementioned time domain resource allocation table (which will be called PUSCH table in the following) are indicated in the scheduling DCI. To save bit overheads in the scheduling DCI, an alternative way is that some typical PUSCH aggregation candidates, which are called PUSCH sets in the following, is high layer configured also in the form of table for the UE. Each row of the table (which will be called PUSCH set table in the following) contains a sequence of one or more row indices to the PUSCH table. So the Time domain resource assignment field value m of a scheduling DCI now provides a row index m + 1 to the PUSCH set table to indicate the time domain resource assignment for the scheduled multiple PUSCHs, or corresponding PUSCH set in other words, which is illustrated in Figure 2.
[image: ]
[bookmark: _Ref16612688]Figure 2 Time domain resource assignment option 1
Option 1 in Figure 2 can reuse the PUSCH table in NR Rel-15, but there is some redundant information, for example, the K2 is indicated independently for each PUSCH in a PUSCH set, which is not necessary when the scheduled multiple PUSCHs must be located in consecutive slots. So some simplification could be made for the PUSCH table, as well as corresponding modification for the PUSCH set table, resulting in option 2 illustrated in Figure 3. In option 2, the K2 is configured as a parameter of a PUSCH set, not for each PUSCH. When multiple PUSCHs is scheduled without gaps, the S parameter for each PUSCH can be omitted further, at the same time a First_S parameter can be added to a PUSCH set to indicate the starting position of the first scheduled PUSCH. DM-RS mapping type can be explicitly configured for each PUSCH, or can also be omitted, if some predefined rules to determine the mapping type is introduced, such as based on if the first symbol of a slot is allocated to the PUSCH.
[bookmark: _GoBack][image: ]
[bookmark: _Ref16613292]Figure 3 Time domain resource assignment option 2
Besides option 1 and option 2, a mixed option can be further achieved, which is called option 3 as illustrated in Figure 4. In option 3, time domain resource assignment for the first scheduled PUSCH is indicated using the PUSCH table according to NR Rel-15, and time domain resource assignment for other scheduled PUSCHs is indicated using the PUSCH set table. Now the K2 is provided in the PUSCH table.
[image: ]
[bookmark: _Ref16613982]Figure 4 Time domain resource assignment option 3
Proposal 10: A PUSCH set table, a row of which indicates detailed time domain resource assignment for multiple scheduled PUSCHs, is used for uplink multi-TTI scheduling.
2.2.2 Resource assignment in frequency domain
So far it has been agreed in NR-U that the multiple PUSCHs scheduled using a single UL grant correspond to consecutive HARQ processes. Each scheduled HARQ process may have diverse requirements such as TB size, especially when some HARQ processes correspond to initial transmission, and the others correspond to retransmission. With respect to retransmission, it means that the TB size should be maintained across initial transmission and one or more retransmissions. Based on the rules of TB size calculation in NR Rel-15, it is very hard to meet the requirements for TB sizes, such as keeping the TB size unchanged for each retransmission and calculating an applicable TB size for each initial transmission, by using a single set of scheduling parameters, which is adopted in eLAA.
A possible solution is that each PUSCH is allocated different time domain resources such as different symbols, while the same frequency domain resources is used across all PUSCHs scheduled by a single UL grant, which has less flexibility, and could not solve aforementioned problems adequately. 
An applicable way is that, while the same frequency domain resources is used across all PUSCHs scheduled by a single UL grant, a single normal MCS can be indicated in the UL grant, and each scheduled PUSCH can use this MCS directly, or use the corresponding reserved MCS to keep the TB size unchanged for retransmission. A normal MCS has only one corresponding reserved MCS generally, using the same modulation order. Whether the indicated normal MCS or the corresponding reserved one is selected for each scheduled PUSCH can be indicated by dedicated fields explicitly, such as adding one indicator bit for each scheduled PUSCH, or be indicated by existing fields implicitly, such as NDI or RV bit for each scheduled PUSCH, e.g., a retransmission indicated by NDI toggling selects the corresponding reserved MCS implicitly.


Figure 5 Frequency domain resource assignment
Proposal 11: A single normal MCS is indicated in the scheduling DCI for uplink multi-TTI scheduling, with each scheduled initial transmission using it directly, and each scheduled retransmission using the corresponding reserved MCS to keep the TB size unchanged.
2.2.3 CBG-based retransmission
CBG-based HARQ-ACK feedback and scheduling are introduced in NR Rel-15. The gain is observed mainly when the interference on each symbol varies significantly. Based on our system-level simulation results [5], in NR-U deployments, the difference of interference level for each symbol during a single data transmission, which is limited within a slot, is not as significant as expected, thus the performance gain of CBG-based HARQ-ACK feedback and scheduling may not be remarkable.
Besides, when CBG-based retransmission is supported for multi-TTI scheduling, several CBGTIs may be signalled in the scheduling DCI per retransmitted PUSCH, or per PUSCH, or for a fixed number of PUSCHs, which will significantly increase the overhead of the DCI bits.
In our opinion, when CBG-based retransmission is supposed to be beneficial, the single-TTI scheduling can be used with legacy DCI, and when multi-TTI scheduling is used, there is no need to enable CBG-based retransmission.
Proposal 12: CBG-based retransmission is not supported for multi-TTI scheduling.
2.2.4 Determination of PUSCH to carry CSI feedback
When multiple PUSCHs are scheduled by a single UL grant, and aperiodic CSI reporting is triggered by the same DCI, one of the scheduled multiple PUSCHs will be selected to carry the triggered CSI feedback. 
In eLAA, multiple consecutive uplink subframes can be scheduled by a single DCI. When aperiodic CSI reporting is triggered, suppose the number of scheduled subframes is N, the CSI feedback will be carried in the Nth subframe (namely the last scheduled subframe) when N <= 2, or be carried in the (N-1)th subframe (namely the second to last scheduled subframe) when N >2.
In NR-U, to choose a scheduled PUSCH to carry the aperiodic CSI feedback, the following aspects could be considered:
· The success probability of LBT,
· The requirement of CSI processing time,
· The payload of CSI feedback,
· The capacity of each scheduled PUSCH,
· The UCI(s) carried on each scheduled PUSCH.
For example, the scheduled PUSCH located in the last two scheduled slots without any UCI and of largest capacity can be chosen to carry the CSI feedback, in order to maximize the probability of successful transmission of the triggered aperiodic CSI report(s).
Proposal 13: The scheduled PUSCH located in the last two scheduled slots without any UCI and of largest capacity is chosen to carry the triggered aperiodic CSI feedback.
2.2.5 Definition of DCI format(s)
In eLAA, DCI formats 0B/4B are introduced to schedule PUSCH in each of multiple consecutive subframes for single antenna port and multi-antenna port transmission mode, respectively. In NR Rel-15, DCI format 0_0 and DCI format 0_1 can be used to schedule single PUSCH transmission, known as the fallback format and the non-fallback format respectively. 
There is an open issue whether single-TTI scheduling and multi-TTI scheduling shall share the same DCI format(s), or each of them shall use separate DCI format(s) in NR-U. According to the agreement in RAN1#97 meeting, at least NDI and RV will be signalled per scheduled PUSCH, and there may be more fields or bits only applicable for multi-TTI scheduling. So compared to single-TTI scheduling, definitely more information bits will be required in scheduling DCIs for multi-TTI scheduling. If single-TTI scheduling and multi-TTI scheduling share the same DCI format(s), unused bits will always exist in DCIs scheduling single-TTI transmissions, leading to worse DCI detection performance, inefficiency in resource allocation, and poorer PDCCH coverage for single-TTI scheduling. On the contrary, if single-TTI scheduling and multi-TTI scheduling each use separate DCI format(s), the DCI fields can be optimized respectively, resulting in more effective and compact DCI design. So in our opinion, separate DCI format(s) for single-TTI scheduling and multi-TTI scheduling is preferred.
For the fallback DCI format, since coverage performance is prioritized, it is not necessary to introduce any enhancement for multi-TTI scheduling, so separate DCI format(s) is only considered for the non-fallback DCI format.
Proposal 14: For the non-fallback DCI format, i.e. DCI format 0_1, separate DCI format(s) shall be designed for single-TTI scheduling and multi-TTI scheduling. For the fallback DCI format, it is not necessary to introduce any enhancement for multi-TTI scheduling.
2.2.6 Others
To improve the probability of successful access to the shared channel, mini-slots can be scheduled at the initial part of, or throughout the scheduled multiple slots. When the UE has gained the shared channel at the beginning of some mini-slot, it could transmit in mini-slot granularity until the next slot boundary, after which it will switch to slot granularity. Or the UE could aggregate some consecutive mini-slots as a larger mini-slot or full slot, without crossing slot boundaries, in contrast to the scheduled slot/mini-slot boundaries, to decrease the number of occupied HARQ processes. To achieve this and avoid ambiguity between gNB and UE, predefined rules or assistant information piggybacked in PUSCH transmission could be considered.
Proposal 15: Multiple mini-slots can be considered when scheduling multiple consecutive TTIs using a single UL grant.
In NR Rel-15, slot aggregation is supported for which repetitions of a single TB are transmitted across multiple consecutive slots. In NR-U, similar mechanism can be considered where gNB schedules multiple TTIs using a single UL grant for a single TB corresponding to only one HARQ process. Once LBT succeeds, UE transmits repetitions of the single TB across these scheduled and available multiple TTIs. The reliability increases resulting from repetition transmission. The details of design may be different from slot aggregation in NR Rel-15 in following aspects. If the channel is busy in the slot where RV0 is scheduled for transmission, the transmission of RV0 can be deferred until LBT succeeds. Alternatively the repetition is performed only for RV0, then the RV0 can be transmitted once LBT succeeds. If there are more available TTIs than the required number of repetitions, the redundant TTIs after transmitting all required repetitions can be released. Alternatively, more repetitions than required can be transmitted until all available TTIs are exhausted. When there are less available TTIs than the required number of repetitions, the transmission should stop immediately when all available TTIs are exhausted. 
Proposal 16: Transmitting repetitions of a TB by scheduling multiple TTIs using a single UL grant is supported.
3. Conclusion
In this contribution, we investigate HARQ-ACK and scheduling operation for NR-U, and the proposals and observation(s) made are summarized below:
Proposal 1: In DCI format 1_1, NFI and T-DAI are indicated only for the scheduled group.
Proposal 2: Totally 3 bits shall be introduced in DCI format 1_1, one bit for indicating current scheduled group, one bit for NFI of current scheduled group, and one bit for triggering of the other group.
Proposal 3: Totally 2 bits could be introduced in DCI format 1_0, one bit for indicating current scheduled group, and one bit for NFI of current scheduled group.
Proposal 4: When the other group is triggered, the dynamic codebook is constructed as that the codebook for the second group is appended after that for the first group.
Proposal 5: Downlink SPS PDSCHs in the framework of enhanced dynamic codebook should be studied, particularly when there may be more than one active SPS configuration with smaller periods.
Proposal 6: Semi-static codebook in NR Rel-15 is reused in NR-U with no enhancements. One-shot group HARQ-ACK feedback for all configured HARQ processes is performed whenever needed.
Proposal 7: A group-common DCI could be introduced to trigger/request reports for missed or unreported HARQ-ACK feedbacks, and the limitation for the number of BD/CE at UE side should be considered.
Proposal 8: Scheduling DCI can be used to only request/trigger HARQ-ACK feedbacks by setting the resource assignment fields as reserved values to indicate empty/invalid resource.
Proposal 9: When the number of PDSCH groups, or the number of HARQ-ACK bits to report is more than a configurable threshold, one-shot group HARQ-ACK feedback for all configured HARQ processes may be performed actually.
Observation 1: When using PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH to indicate UE to feedback HARQ-ACK outside a COT, the UE may be indicated two LBT categories for a same PUCCH resource and how the UE handles such case needs to be considered.
Proposal 10: A PUSCH set table, a row of which indicates detailed time domain resource assignment for multiple scheduled PUSCHs, is used for uplink multi-TTI scheduling.
Proposal 11: A single normal MCS is indicated in the scheduling DCI for uplink multi-TTI scheduling, with each scheduled initial transmission using it directly, and each scheduled retransmission using the corresponding reserved MCS to keep the TB size unchanged.
Proposal 12: CBG-based retransmission is not supported for multi-TTI scheduling.
Proposal 13: The scheduled PUSCH located in the last two scheduled slots without any UCI and of largest capacity is chosen to carry the triggered aperiodic CSI feedback.
Proposal 14: For the non-fallback DCI format, i.e. DCI format 0_1, separate DCI format(s) shall be designed for single-TTI scheduling and multi-TTI scheduling. For the fallback DCI format, it is not necessary to introduce any enhancement for multi-TTI scheduling.
Proposal 15: Multiple mini-slots can be considered when scheduling multiple consecutive TTIs using a single UL grant.
Proposal 16: Transmitting repetitions of a TB by scheduling multiple TTIs using a single UL grant is supported.
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