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 Introduction
[bookmark: OLE_LINK16][bookmark: OLE_LINK15][bookmark: OLE_LINK1][bookmark: OLE_LINK2]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 TTIs scheduling and HARQ operation are included. In addition, guidance was provided by RAN#84 on essential components of NR-U HARQ enhancements that need to be completed in Rel-16:
Essential
· Details for group based HARQ ACK retransmission for dynamic codebook
· Details for DCI support for multi-TTI grant
· One-shot HARQ ACK retransmission
· Details to handle non-numerical value for K1
Optimizations
· Group based HARQ ACK retransmission for semi-static codebook
· Larger K1 values
· Multiple freq domain opportunities for HARQ ACK in UL CA case and/or wideband CC case
· Larger K2 values
· 2-stage UL grant
In RAN1 #98bis meeting, the below agreements were reached on HARQ for NR-U.
Agreement:
· For enhanced dynamic HARQ codebook with single or multiple configured DL cells, 
· NFI is indicated in non-fallback DCI scheduling PDSCH for the scheduled group
· T-DAI is indicated in non-fallback DCI scheduling PDSCH for the scheduled group if more than one DL cell is configured
· Indication of NFI and T-DAI in non-fallback DCI for the non-scheduled group with single or multiple configured DL cells can be configured by RRC.
Agreement:
If the DCI is received that toggles the NFI for a PDSCH group, then the UE 
· Discards the HARQ-ACK feedback for the PDSCH(s) in that PDSCH group including the PDSCH(s) that were associated with a non-numerical K1 value.
· Note: HARQ-ACK feedback for PDSCH(s) scheduled in this DCI are not discarded.
· The UE expects the DAI values for the PDSCH group to be reset.
Agreement:
If enhanced dynamic codebook is configured, for a PDSCH scheduled by DL DCI 1_0:
· UE reports HARQ-ACK feedback for the corresponding PDSCH as part of the PDSCH group #0
· FFS: whether/how to define a rule for UE to determine NFI if NFI is not explicitly signalled
· The fallback DCI does not support signalling a non-numerical value of K1
· FFS: Whether NFI is introduced in DCI 1_0 for the purpose of enhanced dynamic HARQ codebook operation
Agreement:
Support requesting feedback of a HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback) for all CCs configured for a UE in the PUCCH group.
· One-shot feedback should be configurable separately from the configuration of semi-static(including any potential enhancements)/non-enhanced dynamic HARQ codebook
· FFS: Simultaneous configuration of enhanced dynamic codebook and one-shot feedback
Agreement:
· The last PDSCH for which A/N decoding result is reported in the HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback) is determined as the last PDSCH within the UE N1 processing time capability
· UE also reports HARQ-ACK feedback for earlier PDSCHs scheduled with non-numerical K1
· For NDI, choose one of the following alternatives:
· Alt. A: NDI value is not reported along with HARQ-ACK for the corresponding PDSCH
· Alt. B: Latest NDI value is reported along with HARQ-ACK for the corresponding PDSCH
· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· Alt. C: UE reports XOR of latest NDI value and HARQ-ACK for the corresponding PDSCH
· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· For any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported, choose one of the following alternatives (applicability dependent on decision on alternatives for the latest NDI value):
· Alt1: the HARQ A/N result of the previous PDSCH with that HARQ ID is reported, even if it had already been reported
· Alt2: The HARQ A/N value is set to the default value of NACK
· FFS: applicability with CBG-based HARQ
Agreement:
If a UE is configured to monitor feedback request of a HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback):
· The feedback can only be requested in a UE-specific DCI
· The feedback can be requested for reporting in PUCCH (As per Rel-15 behaviour, the feedback can be piggybacked on PUSCH)
Agreement:
If enhanced dynamic codebook is configured, the presence of UL DAI for an additional PDSCH group in the non-fallback DCI can be configured by RRC signalling. 
· FFS: If there is UL DAI configured to be present in the non-fallback DCI for only one group, to which group this UL DAI applies
Agreement:
For signaling the number of scheduled PUSCHs and TDRA in one DCI scheduling multiple PUSCHs, the TDRA table is extended such that each row indicates multiple PUSCHs (continuous in time-domain)
· Alt. 1: Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· FFS: Separate k2
· Alt. 2: 
· A separate SLIV for 
· the starting slot, 
· the ending slot
· The slots in between have a SLIV of S=0, L=14
· A separate mapping type for 
· the starting slot, 
· the ending slot,
· the slots in between (a single mapping type for all of them)
· The total number of PUSCHs for the row.
· FFS: Extension to non-contiguous PUSCHs
Agreement:
Scheduling multiple PUSCHs is not supported in UL fallback DCI
Agreement:
Consider the following alternatives for signalling the MCS index for PUSCHs scheduled by a single DCI. 
· Alt. 1: A single MCS index is signalled for all the PUSCHs scheduled by a single DCI
· UE applies the same behaviour for the PUSCHs scheduled for initial transmission or re-transmission (Rel-15 behaviour):
· If MCS row 0-27 is indicated: the UE determines the TB size based on the explicitly indicated MCS
· If MCS row 28-31 is indicated: the UE refers to the DCI scheduling the initial PUSCH to determine the TB size
· Alt. 2: A single normal MCS (row 0-27) is indicated in the scheduling DCI for uplink multi-TTI scheduling
· For a PUSCH scheduled for initial transmission: the UE determines the TB size based on the explicitly indicated MCS
· For a PUSCH scheduled for re-transmission: the UE refers to the DCI scheduling the initial PUSCH to determine the TB size 
· FFS: The UE does not expect to receive signalling of an implicit MCS row 28-31 in a DCI scheduling multiple PUSCHs
· Alt. 3: Use a bitmap to determine for which of the PUSCHs the TBS determination should not be based on MCS in the multi-TTI DCI, and should instead be based on the previous DCI scheduling the same TB for the same HARQ process ID.
· The bitmap is included in the UL DCI only if the RRC-configured TDRA table includes at least one row that allows indicating more than one PUSCH
In this contribution, we discuss the remaining issues for scheduling and HARQ aspects for NR-U, such as HARQ-ACK transmission, HARQ-ACK codebook and multiple TTI scheduling.
HARQ-ACK feedback enhancement
2.1 Enhancement of dynamic HARQ-ACK codebook
For enhanced dynamic HARQ-ACK codebook, many conclusions have been reached in the last three meetings, and  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. An example of enhanced dynamic HARQ-ACK codebook can be seen in Figure 1. Till now, only small aspects for DL/UL DCI design are left as we discussed below.

 
Figure 1 Example implementation for multi-PDSCH-group HARQ-ACK requested using DCI 
· [bookmark: _Toc22107627]Non-fallback DL DCI
For the maximum number of PDSCH groups 2, at least 3bits should be defined in the non-fallback DL DCI, and the remaining issue is when more than one PDSCH group related HARQ-ACK feedback is reported, how to construct the HARQ-ACK codebook or how to place the HARQ-ACK feedback for the two groups. For this open issue, we think the HARQ-ACK feedback for the two groups should be placed in an increasing order of group index, and the first group is mapped from the beginning to the ending, and the second group is mapped from the beginning to the ending.
Proposal 1: For enhanced dynamic HARQ-ACK codebook, when more than one PDSCH group exists in a HARQ-ACK feedback report, the HARQ-ACK feedback for the two groups should be placed in an increasing order of the group index.
· [bookmark: _Toc22107628]Fallback DL DCI
Another remaining issue for enhanced dynamic HARQ-ACK codebook is how DL fallback DCI format 1_0 supports this group-based dynamic HARQ-ACK feedback scheme. For example, when the UE is configured with group-based dynamic HARQ-ACK feedback, DCI format 1_0 can still be received by the UE. In such case, how is the HARQ-ACK feedback transmitted in DCI format 1_0 If the current agreement on dynamic HARQ-ACK codebook directly applies to DCI 1_0, the DCI size will be very large and the link performance will degrade. Therefore, some method should be considered to reduce the DCI overhead. For DL fallback DCI design, according to the conclusion of last meeting below, the PDSCH group index is not needed to be included in the DCI as the PDSCH scheduled by DL fallback DCI belong the default PDSCH group #0. And the remaining issue for NFI handling is whether NFI is explicitly signalled or pre-defined.
If enhanced dynamic codebook is configured, for a PDSCH scheduled by DL DCI 1_0:
· UE reports HARQ-ACK feedback for the corresponding PDSCH as part of the PDSCH group #0
· FFS: whether/how to define a rule for UE to determine NFI if NFI is not explicitly signalled
· The fallback DCI does not support signalling a non-numerical value of K1
· FFS: Whether NFI is introduced in DCI 1_0 for the purpose of enhanced dynamic HARQ codebook operation
If NFI is not explicitly signalled in the DCI, some rule for UE to determine NFI should be defined. For example, the NFI is not toggled. Wherein the C-DAI should be accumulated within this PDSCH group 0 and the C-DAI/T-DAI in DCI 1_1 scheduled PDSCH group 0 should also accumulate the PDSCHs scheduled by DCI format 1_0. However, this may cause very large HARQ-ACK codebook size especially if successive PDSCHs are scheduled by fallback DCI 1_0 and if the NFI is not toggled and the number of HARQ-ACK bits for PDSCH group 0 will continue to extend even if the HARQ-ACK for this PDSCH group 0 has been successfully received. Considering UE capability one NFI bit for this group needs to be included in DCI 1_0 to resolve this problem. And if the DCI is received that toggles the NFI for PDSCH group 0, then the UE discards the HARQ-ACK feedback for the PDSCH(s) in that PDSCH group. Otherwise, the HARQ-ACK feedback for the PDSCH(s) in that PDSCH group should be stored.
Proposal 2: NFI is introduced in DCI 1_0 for the purpose of enhanced dynamic HARQ codebook operation.

· [bookmark: _Toc22107629]UL DCI
For UL DCI, below agreement was reached in the last meeting, we can see the remaining issue is when enhanced dynamic codebook is configured, and if only one DAI value is included in the UL DCI to which group this UL DAI applies is still FFS, that is a certain group should be determined for this DAI value, such as the existing DAI in UL DCI reflect the status of latest DL total DAI of the latest received group that is included in the HARQ-ACK report. Otherwise, there will be some rule should be defined.
Agreement (RAN1#98bis):
If enhanced dynamic codebook is configured, the presence of UL DAI for an additional PDSCH group in the non-fallback DCI can be configured by RRC signalling. 
· FFS: If there is UL DAI configured to be present in the non-fallback DCI for only one group, to which group this UL DAI applies
Proposal 3: If there is UL DAI configured to be present in the non-fallback DCI for only one group, it can apply to the latest transmitted PDSCH group that is included in the HARQ-ACK report.
[bookmark: _Toc22107630]2.2 A non-numerical value for K1 in case of (non-enhanced) dynamic HARQ codebook 
[bookmark: OLE_LINK9](Non-enhanced) dynamic HARQ codebook has the benefit of significant overhead reduction because only the actual scheduled PDSCHs need to be acknowledged. And according to the conclusion, (non-enhanced) dynamic HARQ codebook can still be configured for NR-U, the only one open issue is how the UE derives the timing for HARQ-ACK feedback for a PDSCH scheduled with a non-numerical value for K1 in case of dynamic HARQ codebook but without explicit PDSCH grouping (i.e. without the possibility of requesting HARQ-ACK feedback for the same PDSCH multiple times). For this issue, we think the same standard can be used as the enhanced dynamic HARQ codebook that is the HARQ-ACK timing for PDSCH scheduled with non-numerical value for K1 is derived by the next DCI scheduling PDSCH with a numerical K1 value. 
Proposal 4: For (non-enhanced ) dynamic HARQ-ACK codebook, the HARQ-ACK timing for a PDSCH scheduled with non-numerical value for K1 is derived by the next DCI scheduling PDSCH with a numerical K1 value.
2.3 Enhancement of semi-static HARQ-ACK codebook
For type-1 (semi-static) HARQ-ACK codebook for NR-U, a PDSCH scheduled with non-numerical K1 can also be supported for realization the cross-COT HARQ-ACK feedback. In this case, how to handling a HARQ-ACK feedback in semi-static codebook of a PDSCH scheduled with non-numerical K1 should be specified. For this issue, below scheme can be used that is if the semi-static HARQ-ACK codebook includes a bit corresponding to that PDSCH scheduled with non-numerical K1, the UE reports the actual HARQ-ACK value using the appended bit(s). Otherwise, UE should not feedback any ACK/NACK information until the timing and resource for the HARQ-ACK feedback is provided by the next DL DCI scheduling PDSCH with numerical K1 value as in the enhanced dynamic HARQ codebook and (non-enhanced ) dynamic HARQ codebook case. 
Proposal 5: If the semi-static HARQ-ACK codebook includes a bit corresponding to that PDSCH scheduled with non-numerical K1, the UE reports the actual HARQ-ACK value using the appended bit(s). Otherwise, UE should not feedback any ACK/NACK information until the timing and resource for the HARQ-ACK feedback is provided by the next DL DCI.
2.4 One-shot HARQ-ACK feedback
One-shot HARQ-ACK feedback is to report HARQ-ACK for all configured HARQ processes. And the one-shot HARQ-ACK feedback has fixed CB size, which is robust to missing last PDCCHs. Therefore, it is a relative simple method compared with semi-static and dynamic codebooks. Below aspects are still FFS.
· How to trigger one-shot HARQ-ACK feedback
One design issue to consider is whether one-shot HARQ feedback request/trigger is included in the PDSCH or PUSCH scheduling DCI or triggered via a separate DCI. The following agreement was reached during RAN1 #98bis meeting:
Agreement:
If a UE is configured to monitor feedback request of a HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback):
· The feedback can only be requested in a UE-specific DCI
· The feedback can be requested for reporting in PUCCH (As per Rel-15 behaviour, the feedback can be piggybacked on PUSCH)
If a DCI scheduling PDSCH or PUSCH also triggers one-shot HARQ-ACK transmission, only one bit to enable/disable the use of one-shot HARQ-ACK transmission can be included in the DL/UL grant. And the HARQ-ACK feedback can be multiplexed on PUSCH or transmitted through PUCCH. If one-shot HARQ-ACK transmission is triggered by a dedicated DCI not scheduling PDSCH nor PUSCH, a new DCI format should be defined, and the bit field design (such as K1, PRI, TPC, NFI etc.) in this new DCI format should be specified and the DCI monitoring complexity could be increased. Therefore, considering the smaller specification effluence, the triggering via a PUSCH or PDSCH scheduling DCI appears more attractive.
Proposal 6: One-shot HARQ ACK for all configured HARQ processes can be triggered with PUSCH grant or with PDSCH assignment. 
· HARQ-ACK codebook content for one-shot feedback
With one-shot HARQ feedback for all configured HARQ processes, there may be one specific error case that was addressed by some companies: after UE has fed back ACK for a certain HARQ process, gNB may sent new data on the HARQ process and UE may miss the PDSCH assignment with new data indication. When UE is requested for HARQ feedback, UE will not send NACK for the new data that it missed, but it will send the ACK for the previous data. To solve this error case, two methods (Alt.B and Alt.C in the below agreement ) was proposed in last meeting. That is the latest NDI value is transmitted for each HARQ process either in the triggering DCI or contained to the HARQ feedback report. Or UE reports XOR value of latest NDI value and HARQ-ACK for the corresponding PDSCH. Both solutions increase the related DCI or UCI overhead or UE complexity, especially when CBG HARQ feedback is reported. Therefore, we think NDI value should not reported along with HARQ-ACK for the corresponding PDSCH.
Agreement:
· The last PDSCH for which A/N decoding result is reported in the HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback) is determined as the last PDSCH within the UE N1 processing time capability
· UE also reports HARQ-ACK feedback for earlier PDSCHs scheduled with non-numerical K1
· For NDI, choose one of the following alternatives:
· Alt. A: NDI value is not reported along with HARQ-ACK for the corresponding PDSCH
· Alt. B: Latest NDI value is reported along with HARQ-ACK for the corresponding PDSCH
· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· Alt. C: UE reports XOR of latest NDI value and HARQ-ACK for the corresponding PDSCH
· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· For any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported, choose one of the following alternatives (applicability dependent on decision on alternatives for the latest NDI value): 
· Alt1: the HARQ A/N result of the previous PDSCH with that HARQ ID is reported, even if it had already been reported
· Alt2: The HARQ A/N value is set to the default value of NACK
· FFS: applicability with CBG-based HARQ
For any HARQ ID that is scheduled after the last determined PDSCH for which ACK/NACK decoding result has been reported before, we think the HARQ ACK/NACK value should be set to default value of NACK, and this can be applicability with CBG-based HARQ case. Because this scheme can resolve the problem mentioned above. That is when UE is requested for one-shot HARQ feedback, UE will send NACK if the ACK/NACK information for the HARQ ID has been reported before, in this case even the new data that it missed there will be no effluence on gNB scheduling. Through this, the HARQ-ACK robustness can be achieved as gNB will schedule the new data re-transmission when it receive the NACK feedback information.
Proposal 7: NDI value is not reported along with HARQ-ACK for the corresponding PDSCH. And for any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported, the HARQ value with that HARQ ID is set to the default value of NACK.
· Simultaneous configuration of enhanced dynamic codebook and one-shot feedback
From the conclusion of #98bis meeting below, we can see the triggered one-shot HARQ feedback of all HARQ processes can be considered as a mechanism for providing additional HARQ feedback transmission opportunities and it can be supported at least with semi-static codebook and non-enhanced dynamic HARQ codebook and  simultaneous configuration of enhanced dynamic codebook and one-shot feedback whether supported is still FFS. For this issue, we think that there is no need to support the one-shot group HARQ feedback when NR-U enhanced dynamic codebook based on PDSCH grouping is configured. For one thing, the PDSCH grouping HARQ-ACK feedback scheme can be implement the same function compared with the one-shot HARQ feedback, such as if two PDSCH group HARQ-ACK feedback is requested and the NFI of each group is not toggled in a time duration, then UE should report all the PDSCHs of the HARQ process as in one-shot feedback. Besides, there will cause UE detection DCI complexity is both enhanced dynamic codebook and one-shot feedback are simultaneous configured .
Agreement:
Support requesting feedback of a HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback) for all CCs configured for a UE in the PUCCH group.
· One-shot feedback should be configurable separately from the configuration of semi-static(including any potential enhancements)/non-enhanced dynamic HARQ codebook
· FFS: Simultaneous configuration of enhanced dynamic codebook and one-shot feedback
Proposal 8: Simultaneous configuration of enhanced dynamic codebook and one-shot feedback is not supported.
2.5 Multiple opportunities for HARQ-ACK transmission 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 9: 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 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 remaining aspects are still FFS.
· The maximum number of PUSCHs scheduled by a DCI 
Firstly, the basic information needed for multi-TTI scheduling is the maximum number of scheduled PUSCHs information. In the eLAA design, the maximum number of TTIs N can be semi-statically configured by RRC and the value of N_min is 2 and the value of N_max is 4. Besides, the maximum number of TTIs N determines the bit-width of the actual number of scheduled TTIs (as log2(N)) and the bit-width of some other DCI fields (e.g. NDIs with bit-width equal to N). If the maximum number of TTIs is too large, such as 16, the bit-width of the DCI fields will be very large, and the DCI performance will be reduced. Therefore, the maximum number of PUSCHs scheduled by a DCI can be RRC configured and the value can be 1,2,4,8, but for value 16 should not be supported.
Proposal 10: The maximum number of PUSCHs scheduled by a DCI can be RRC configured and the value can be 1,2,4,8, but for value 16 should not be supported.
· CBG based re-transmission
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 option provided in #97 meeting 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 11: CBG based re-transmission in the multiple TTIs scheduling should be supported, and the CBGTI field in the DCI should be per re-transmitted PUSCH.
· Time domain resource assignment mechanism
[bookmark: _Toc7701991][bookmark: _Toc7782455][bookmark: _Toc7701992][bookmark: _Toc7782456][bookmark: _Toc7701993][bookmark: _Toc7782457]For time domain resource assignment mechanism in multi-TTI scheduling, it should be enhanced for indicating each scheduled mapping Type A and Type B PUSCHs and their starting and ending symbols. For signaling the number of scheduled PUSCHs and TDRA in one DCI scheduling multiple PUSCHs, we think Alt.2 provided in last meeting should be supported, as the SLIV can be applied to the starting slot and the ending slot. That is reinterpretation the slot offset K2 and the start symbol S applied in the 1st slot of the scheduled UL burst and the duration L applied in the length of the PUSCH in the last scheduled slot of the UL burst. And the starting symbol of the last scheduled PUSCH is symbol #0. Besides, the slots in between the first slot and the last slot have a SLIV of S=0, L=14. Through this scheme, no need to define new table or modify the existed entries in the default table. Besides, we do not see the need to support non-continuous time assignments as more channel access times are needed as UE need to perform channel access again to send the subsequent PUSCHs.
Agreement:
For signaling the number of scheduled PUSCHs and TDRA in one DCI scheduling multiple PUSCHs, the TDRA table is extended such that each row indicates multiple PUSCHs (continuous in time-domain)
· Alt. 1: Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· FFS: Separate k2
· Alt. 2: 
· A separate SLIV for 
· the starting slot, 
· the ending slot
· The slots in between have a SLIV of S=0, L=14
· A separate mapping type for 
· the starting slot, 
· the ending slot,
· the slots in between (a single mapping type for all of them)
· The total number of PUSCHs for the row.
· FFS: Extension to non-contiguous PUSCHs
Proposal 12: For signaling the number of scheduled PUSCHs and TDRA in one DCI scheduling multiple PUSCHs, we think Alt.2 provided in last meeting should be supported.
· MCS signalling design
MCS handling is another aspect to be considered for multi-TTI scheduling. Below three alts provided in the #98bis meeting need to be down selected.
Agreement:
Consider the following alternatives for signalling the MCS index for PUSCHs scheduled by a single DCI. 
· Alt. 1: A single MCS index is signalled for all the PUSCHs scheduled by a single DCI
· UE applies the same behaviour for the PUSCHs scheduled for initial transmission or re-transmission (Rel-15 behaviour):
· If MCS row 0-27 is indicated: the UE determines the TB size based on the explicitly indicated MCS
· If MCS row 28-31 is indicated: the UE refers to the DCI scheduling the initial PUSCH to determine the TB size
· Alt. 2: A single normal MCS (row 0-27) is indicated in the scheduling DCI for uplink multi-TTI scheduling
· For a PUSCH scheduled for initial transmission: the UE determines the TB size based on the explicitly indicated MCS
· For a PUSCH scheduled for re-transmission: the UE refers to the DCI scheduling the initial PUSCH to determine the TB size 
· FFS: The UE does not expect to receive signalling of an implicit MCS row 28-31 in a DCI scheduling multiple PUSCHs
· Alt. 3: Use a bitmap to determine for which of the PUSCHs the TBS determination should not be based on MCS in the multi-TTI DCI, and should instead be based on the previous DCI scheduling the same TB for the same HARQ process ID.
· The bitmap is included in the UL DCI only if the RRC-configured TDRA table includes at least one row that allows indicating more than one PUSCH
In LTE eLAA, only one MCS index is indicated and the MCS applies to all TTIs scheduled by a single DCI that is Alt1 which seems very simple. However, the scheme may become problematic if used in NR because TBS determination is independent to number of uplink symbols in a TTI in LTE, but it is not the case in NR. Therefore, One simple scheme to apply the MCS in a DCI only to TTIs for new transmissions, while for TTIs for retransmission, the TBS/modulation order can always use the one in the initial transmission of the same TB. That is Alt2 can be supported. Besides, signalling of an implicit MCS row 28-31 in a DCI scheduling multiple PUSCHs should not supported as the MCS in a DCI only to TTIs for new transmissions. For Alt3, more MCS index are indicated and large DCI overhead may be produced.
Proposal 13: A single normal MCS is indicated in the scheduling DCI, and for a TTI for retransmission scheduled by multi-TTI DCI,the UE refers to the DCI scheduling the initial PUSCH to determine the TB size, and The UE does not expect to receive signalling of an implicit MCS row 28-31 in a DCI scheduling multiple PUSCHs, that is Alt2.
· DCI format for multi-TTI scheduling 
For DCI formats for multi-TTI scheduling, in LTE LAA, four DCI formats are defined, i.e. DCI format 0A, 0B, 4A, 4B. DCI format 0A/4A are for single-TTI scheduling and 0B/4B are for multi-TTI scheduling. It is up to RRC configuration which one or multiple DCI formats are actually monitored by a UE. For NR-U, we think the same scheme can be used as in LAA, such as two types of DCI can be introduced, DCI formats 0_1A and DCI formats 0_1B to different single TTI scheduling and multiple TTIs scheduling for NR-U.
Proposal 14: Two types of DCI can be introduced, DCI formats 0_1A and DCI formats 0_1B to different single TTI scheduling and multiple TTIs scheduling for NR-U.
· Which PUSCH carry CSI feedback
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 15: For DCI formats and CSI request field apply to which PUSCH, the same design as in LAA can be considered. 
[bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0996] Conclusion 
In this contribution, we discuss the remaining issues for scheduling and HARQ aspects for NR operation in unlicensed spectrum, and have the following proposals:
Proposal 1: For enhanced dynamic HARQ-ACK codebook, when more than one PDSCH group exists in a HARQ-ACK feedback report, the HARQ-ACK feedback for the two groups should be placed in an increasing order of the group index.
Proposal 2: NFI is introduced in DCI 1_0 for the purpose of enhanced dynamic HARQ codebook operation.
Proposal 3: If there is UL DAI configured to be present in the non-fallback DCI for only one group, it can apply to the latest transmitted PDSCH group that is included in the HARQ-ACK report.
Proposal 4: For (non-enhanced ) dynamic HARQ-ACK codebook, the HARQ-ACK timing for a PDSCH scheduled with non-numerical value for K1 is derived by the next DCI scheduling PDSCH with a numerical K1 value.
Proposal 5: If the semi-static HARQ-ACK codebook includes a bit corresponding to that PDSCH scheduled with non-numerical K1, the UE reports the actual HARQ-ACK value using the appended bit(s). Otherwise, UE should not feedback any ACK/NACK information until the timing and resource for the HARQ-ACK feedback is provided by the next DL DCI.
Proposal 6: One-shot HARQ ACK for all configured HARQ processes can be triggered with PUSCH grant or with PDSCH assignment. 
Proposal 7: NDI value is not reported along with HARQ-ACK for the corresponding PDSCH. And for any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported, the HARQ value with that HARQ ID is set to the default value of NACK.
Proposal 8: Simultaneous configuration of enhanced dynamic codebook and one-shot feedback is not supported.
Proposal 9: 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.
Proposal 10: The maximum number of PUSCHs scheduled by a DCI can be RRC configured and the value can be 1,2,4,8, but for value 16 should not be supported.
Proposal 11: CBG based re-transmission in the multiple TTIs scheduling should be supported, and the CBGTI field in the DCI should be per re-transmitted PUSCH.
Proposal 12: For signaling the number of scheduled PUSCHs and TDRA in one DCI scheduling multiple PUSCHs, we think Alt.2 provided in last meeting should be supported.
Proposal 13: A single normal MCS is indicated in the scheduling DCI, and for a TTI for retransmission scheduled by multi-TTI DCI, the UE refers to the DCI scheduling the initial PUSCH to determine the TB size, and The UE does not expect to receive signalling of an implicit MCS row 28-31 in a DCI scheduling multiple PUSCHs, that is Alt2.
Proposal 14: Two types of DCI can be introduced, DCI formats 0_1A and DCI formats 0_1B to different single TTI scheduling and multiple TTIs scheduling for NR-U.
Proposal 15: For DCI formats and CSI request field apply to which PUSCH, the same design as in LAA can be considered. 
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