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Introduction 
In this contribution, we provide our views on the following issues for NR-U:
· Enhanced dynamic HARQ-ACK codebook
· One-shot HARQ-ACK feedback for all configured HARQ processes
· Multiple frequency domain transmission opportunities
· Multi-TTI PUSCH scheduling
Discussion
Enhanced dynamic HARQ-ACK codebook
In RAN1#97 and RAN1#98 meetings [1][2], enhanced dynamic HARQ-ACK codebook for NR-U was agreed as follows:
	Agreement from RAN1#97:
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 signalling
Agreement from RAN1#98:
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 from RAN1#98:
· 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 from RAN1#98:
For enhanced dynamic HARQ-ACK codebook when the feedback is triggered by a DL DCI scheduling a PDSCH, a UE is not expected to be requested in that DL DCI to provide feedback only for a PDSCH group not scheduled in that DL DCI.
Agreement from RAN1#98:
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

Conclusion from RAN1#98:
There is no consensus to support a 2-stage uplink grant for NR-U in Rel-16.


For operation with enhanced dynamic HARQ-ACK codebook (or group-based HARQ-ACK feedback), PDSCHs scheduled to a UE would be grouped by a network. When UE receives a DCI scheduling a PDSCH belonging to a PDSCH group, all PDSCHs in the same PDSCH group are requested to be acknowledged in the same PUCCH indicated by the DCI (through PDSCH-to-HARQ-timing-indicator and PUCCH resource indicator). To make UE has a correct understanding of the number of scheduled PDSCHs in a PDSCH group, C-DAI/T-DAI are always accumulated over all PDSCHs per PDSCH group.
In DCIs scheduling PDSCHs, Group Index (GI) and New-ACK-Feedback-Group-Indicator (NFI) are conveyed in these DCIs for a UE to determine the grouping for the scheduled PDSCHs. For PDSCHs in the same PDSCH group, their corresponding GI values shall be the same, i.e., if PDSCHs are indicated with different GI values, UE can assume that they are in different PDSCH groups. Once a HARQ-ACK feedback of a PDSCH group is successfully received by the network, the network can initiate a new PDSCH group having the same GI value, which is indicated to UE by toggling corresponding NFI bit. From UE’s perspective, if an NFI bit indicated in a current DCI scheduling a PDSCH is toggled compared to an NFI bit indicated in a previously received DCI indicating the same GI value as the one indicated in the current DCI, UE can assume that the PDSCH scheduled by the current DCI belongs to a new PDSCH group, and the HARQ-ACK information of the old PDSCH group having the same GI value may be flushed out by UE. Otherwise, the PDSCH scheduled by the current DCI still belongs to the PDSCH group including the PDSCH scheduled by the previously received DCI, and the HARQ-ACK information of the PDSCH group shall be reported using the PUCCH provided by the current DCI.
Since a PDSCH group can be dynamically enlarged to include a later scheduled PDSCH(s) and acknowledged together, the PUCCH(s) provided by the next DCI(s) with downlink assignment could be always taken as a supplemental HARQ-ACK opportunity until the HARQ-ACK feedback of the PDSCH group is received and decoded by the network, as the example shown in Figure 1. In other words, enhanced dynamic HARQ-ACK codebook can provide unlimited number of HARQ-ACK opportunities to correct possible error cases for each scheduled PDSCH.

Number of PDSCH groups and request feedback for multiple PDSCH groups 


Figure 1. Example of group-based HARQ-ACK feedback
In some scenarios, the network may need to initiate more than one PDSCH groups to allow flexible scheduling behaviour, as the example shown in Figure 1, and up to two PDSCH groups should be sufficient. Meanwhile, it is also beneficial to allow that two PDSCH groups can be requested to be acknowledged in the same PUCCH. In order to indicate UE whether to piggyback the HARQ-ACK feedback of the other PDSCH group in the same PUCCH, a request (RQ) can be conveyed in a DCI with PDSCH scheduling. In previous meeting, it was agreed that 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. Therefore, assuming maximum 2 PDSCH groups reported in one PUCCH, there are two states of the RQ field:
· Request only for the scheduled PDSCH group
· Request for both scheduled PDSCH group and non-scheduled PDSCH group
For example, when the RQ field is set to “0” in a DCI scheduling a PDSCH in a PDSCH group, only the HARQ-ACK feedback of the scheduled PDSCH group is transmitted in the PUCCH provided by the DCI. When the RQ field is set to “1” in the DCI, the HARQ-ACK feedbacks for both scheduled PDSCH group and non-scheduled PDSCH group are transmitted in the same PUCCH provided by the DCI. If two PDSCH groups are requested to be acknowledged in the same PUCCH, UE concatenates the two HARQ-ACK codebooks of the two PDSCH groups having different GI values by increasing/decreasing order of the GI values, where each HARQ-ACK codebook is individually generated according to C-DAI/T-DAI accumulated within each PDSCH group.

Proposal 1: For operation with enhanced dynamic HARQ-ACK codebook:
· Maximum # of PDSCH groups: 2 (1 bit for group index)
· Maximum # of PDSCH groups for which HARQ-ACK feedbacks can be requested in the same PUCCH: 2
· A 1-bit request field is indicated in a DCI scheduling a PDSCH belonging to a scheduled  PDSCH group:
· Set to “0”: only the HARQ-ACK feedback of the scheduled PDSCH group is requested in the PUCCH provided by the DCI.
· Set to “1”: the HARQ-ACK feedbacks for both PDSCH groups having different GI values are requested in the PUCCH provided by the DCI.
· If more than one PDSCH groups are requested to be acknowledged in the same PUCCH, UE concatenates the multiple codebooks individually generated for the multiple PDSCH groups by increasing/decreasing order of corresponding group index values.

NFI and T-DAI indication
Since C-DAI/T-DAI is only accumulated per PDSCH group, the misdetection(s) of the last DCI(s) scheduling PDSCH(s) or all DCIs scheduling PDSCHs in a PDSCH group can lead to codebook size misalignment or codebook content issue when the HARQ-ACK codebook from the PDSCH group are concatenated with a HARQ-ACK codebook from other PDSCH group in the same PUCCH. To deal with possible error cases, in some proposals, a DCI scheduling a PDSCH belonging to a PDSCH group not only indicates NFI/T-DAI for the scheduled PDSCH group, but also indicates additional NFI/T-DAI for the non-scheduled PDSCH group having the other GI value. However, we don't see clear benefit from indicating additional NFI/T-DAI for the non-scheduled PDSCH group, and our views are provided as follows: 
1. Group-based HARQ-ACK feedback itself can provide multiple opportunities to correct the possible error cases, no matter these error cases are caused by LBT blockage, PUCCH misdetection, or codebook size misalignment. For example, as shown in Figure 2, due to misdetections of PDCCHs in slots #n+1 and #n+2, gNB may not correctly decoded/interpret the HARQ-ACK information bits transmitted in PUCCH #1. Then, in the later PDSCH scheduling, gNB can schedule new PDSCHs in the two PDSCH groups, and request a HARQ-ACK feedback in PUCCH #2 for the two PDSCH groups. If UE can correctly decode the DCIs scheduling PDSCHs #7 and #8, it can notive that there are two misdetected PDCCHs according to the C-DAI/T-DAI values indicated in the DCIs. Finally, a codebook with a correct size will be reported in PUCCH #2.


Figure 2. Example of group-based HARQ-ACK feedback

2. The error cases caused by the misdetections of all DCIs scheduling PDSCHs in a PDSCH group rarely happen, and such error cases can be avoided with proper gNB scheduling, e.g., gNB can schedule PDSCHs in a PDSCH group as more as possible instead of separating them into multiple PDSCH groups. Moreover, even the error cases happen, most of the error cases can be corrected by providing retransmission opportunities as we mentioned above if the error cases can be noticed by gNB.
In R1-1909247, a codebook content issue caused by missing of all DCIs scheduling PDSCHs in a PDSCH group is shown. Figure 3 shows a similar example for the issue. In this example, since the DCIs scheduling PDSCHs #3, #4, and #5 are missed due to PDCCH misdetections, the corresponding HARQ-ACK feedback in UCI#1 will never be transmitted, and UE doesn't know the PDSCH group having GI = 0 is initiated for the new PDSCH group. Then, gNB requests a group-based HARQ-ACK feedback for both scheduled groups including PDSCHs #6, #7, #8, and #9, and non-scheduled including PDSCHs #3, #4, and #5. However, since UE doesn't know the PDSCH group having GI = 0 is scheduled with new PDSCHs, it will transmit HARQ-ACK information bits for wrong PDSCHs (#0, 1, and #2 instead of #3, 4, and #5) in PUCCH #2. Since the codebook size in PUCCH # 2 is still correct, gNB cannot notice that there was a codebook content error in the received HARQ-ACK feedback. 



Figure 3. Example of group-based HARQ-ACK feedback

In our view, such error case still can be avoided. First, for a newly initiated PDSCH group, gNB can try to avoid scheduling the number of PDSCHs in the new PDSCH group the same with the number in the old PDSCH group (i.e., the previous PDSCH group having the same GI value but toggled NGI). Second, some scheduling restrictions can be defined to help gNB/UE be aware of the missing PDSCH group. For example, after N symbols (configured by network) from a HARQ-ACK feedback of current scheduled PDSCH group, UE doesn't expect to be scheduled with a PDSCH group having a different GI value from the one of current scheduled PDSCH group. With this restriction, UE can assume that gNB has (or has not) received and decode the HARQ-ACK feedback for current scheduled PDSCH group after N symbols from the HARQ-ACK feedback, and gNB should schedule a PDSCH group having the same GI value and toggled/un-toggled NGI instead of a PDSCH group having different GI value. In Figure 3, according to the scheduling restriction, the PDSCH group having {GI=1, NFI=0} shall be considered as an invalid scheduling, and the HARQ-ACK feedback in PUCCH #2 could be dropped. Then, similar to the example in Figure 2, when the HARQ-ACK feedback in PUCCH #2 is not received by gNB, it can schedule new PDSCHs for the two PDSCH group to make UE have a correct understating of codebook sizes and request a HARQ-ACK feedback for them.
3. Since error cases happen only when more than one PDSCH groups are requested to be acknowledged in the same PUCCH, gNB can avoid these issues by requesting a HARQ-ACK feedback for only one PDSCH group in a PUCCH. Even latency for obtaining HARQ-ACK feedbacks from multiple PDSCHs groups would be larger, constant DCI overhead of the additional NFI/T-DAI is not needed and the reliability can be guaranteed.  
By taking account the above aspects, we see that indicating NFI and T-DAI for the non-scheduled group is not necessary.

Proposal 2: For operation with enhanced dynamic HARQ-ACK codebook:
· NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH only for the scheduled group (Alt-1)

Fallback and non-fallback DCIs
In NR Rel-15, it is possible to request a HARQ-ACK feedback for PDSCHs scheduled by fallback DCIs (DCI format 1_0) and non-fallback DCIs (DCI format 1_1) in the same dynamic HARQ-ACK codebook. Similarly, when UE is configured with enhanced dynamic HARQ-ACK codebook, group-based HARQ-ACK feedback should be supported in both fallback and non-fallback DCIs, and group index and NFI should be included in a DCI whether it is fallback or non-fallback. It is reasonable because a PDSCH should be always provided with more than one HARQ-ACK opportunities as it will subject to LBT failure or interferences from other nodes in unlicensed bands no matter the PDSCH is scheduled by a fallback DCI or a non-fallback DCI. Moreover, if group-based HARQ-ACK feedback is only supported in a certain DCI format (e.g., only supported in non-fallback DCI), we will need to define a complicated rule for determining dynamic HARQ-ACK codebooks when both DCI formats are received by UE.
However, as we mentioned in Section 2.1.2, some errors may happen only when gNB requests a HARQ-ACK feedback for more than one PDSCH groups in a PUCCH. The main purpose of requesting a HARQ-ACK feedback for a non-scheduled group is mainly for latency reduction instead of robustness improvement, which may not be critically needed in a fallback DCI. Moreover, it is more important to keep the bits to guarantee the coverage performance of fallback DCI, so the extension to trigger a HARQ-ACK feedback for the non-scheduled group may not be feasible. Thus, we can consider that a fallback can only request a HARQ-ACK feedback only for the scheduled PDSCH group.
Proposal 3: Enhanced dynamic HARQ-ACK codebook should be supported in both fallback and non-fallback DCIs.
· GI and NFI should be included in both fallback and non-fallback DCIs
Proposal 4: Fallback DCI scheduling a PDSCH can request HARQ-ACK feedback only for the scheduled PDSCH group 


One-shot HARQ-ACK feedback for all configured HARQ processes
In RAN1#96bis meeting [2], it was agreed to discuss whether to introduce one-shot HARQ-ACK feedback for all configured HARQ processes for a UE configured with dynamic or semi-static HARQ-ACK codebook:
	Agreement from RAN1#96bis:
Restrict further discussion on HARQ codebook to the following:
· 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


Triggering one-shot HARQ-ACK feedback for all configured HARQ processes is a simple scheme for providing additional transmission opportunities for pended/unreported/missed HARQ-ACK feedbacks. However, corresponding HARQ-ACK codebook results in large UCI payload, especially when more than one CCs are taken into account. 
When UE is configured with semi-static HARQ-ACK codebook, one-shot HARQ-ACK feedback can be used since robustness is more critical in this mode rather than resource efficiency. Once UE receives a positive request in a DCI scheduling PDSCH, it shall report HARQ-ACKs for all configured HARQ processes instead of a semi-static HARQ-ACK codebook.
Proposal 5: When UE is configured with semi-static HARQ-ACK codebook, gNB can request/trigger one-shot HARQ-ACK feedback for all configured HARQ processes.
· The request/trigger can be carried in DCI scheduling PDSCH
· Only TB-level HARQ-ACK is support
Group-based HARQ-ACK feedback has been agreed to be used as an enhancement on dynamic HARQ-ACK codebook, and we see that it already provides unlimited number of HARQ-ACK opportunities in a reliable and efficient way. Furthermore, DCI overhead caused by group-based HARQ-ACK feedback is not that high (e.g., 3 bits for GI, NFI, and RQ, repetitively), one-shot HARQ-ACK feedback doesn’t show much advantage of signalling overhead. Thus, we see one-shot HARQ-ACK feedback for all configured HARQ processes is not necessary when a UE is configured with dynamic HARQ-ACK codebook. Instead, UE can be configured with enhanced dynamic HARQ-ACK codebook.
Proposal 6: When UE is configured with dynamic HARQ-ACK codebook or enhanced dynamic HARQ-ACK codebook, triggering one-shot HARQ-ACK feedback for all configured HARQ processes cannot be used.
Multiple frequency domain transmission opportunities
To increase the probability for reporting a HARQ-ACK feedback as it will be subject to LBT before transmission, it is desirable to provide multiple transmission opportunities in advance. Since UE does not need to await a new PUCCH/PUSCH resource assigned by e.g., a separate DCI triggering group-based HARQ-ACK feedback, the additional latency can be avoided to facilitate more efficient HARQ procedure. Thus, at least for a carrier (or a BWP) comprising multiple 20 MHz LBT subbands, we see that providing a set of frequency domain candidate resources distributed in different 20 MHz LBT subbands for a PUCCH transmission would be beneficial. UE can perform LBT for each frequency domain candidate resource in each 20 MHz LBT subband, and selects one available candidate resource to transmit a HARQ-ACK feedback on the PUCCH.

Proposal 7: Allocation of more than one frequency domain candidate resources distributed in different 20MHz LBT subbands for a PUCCH transmission should be supported in NR-U.


In the case of a UE configured with multiple carriers, providing a set of PUCCH resources distributed in different carriers for a UCI report also provides LBT diversity. However, configuring PUCCH resources on multiple carriers would essentially establish new PUCCH cells, which leads to specification and implementation impacts, as changes are needed on resource configurations, resource allocation mechanisms, power control, UL prioritization rules, UCI multiplexing rules, etc. On the other hand, if a wideband carrier already spans multiple 20MHz LBT subbands, it can also provide LBT diversity for a UCI reportse ly establish aestion 2anowledged together H . Consider the required specification and implementation efforts, significant gains should be identified before allowing PUCCH resource configurations on SCells other than PCell/PSCell/PUCCH-SCell.

Proposal 8: Due to larger specification and implementation efforts, no need to consider PUCCH resource configurations on SCells other than PCell/PSCell/PUCCH-SCell if no significant gain is identified.


Multi-TTI PUSCH scheduling
In RAN1#97 and RAN1#98 [1][2], the following agreements and conclusion for multi-TTI PUSCH scheduling are achieved:
	Agreement from RAN1#97:
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.

Conclusion from RAN1#98:
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 followings, we provide our views on the enhancements to time domain resource allocation, CBGTI, and triggering aperiodic CSI report on PUSCH for multi-TTI PUSCH scheduling:
Time domain resource allocation
In NR Rel-15, time domain resource assignment field in an (single TTI) UL grant indicates a row of an RRC configured list for PUSCH time domain resource allocation (pusch-AllocationList). The indicated row defines a slot offset (K2), a starting symbol derived from SLIV (S), an allocation length derived from SLIV (L), and a PUSCH mapping type to be applied in the PUSCH transmission. In order to indicate a set of continuous time domain resources by a multi-TTI UL grant, the existing time domain resource allocation mechanism can be reused but with different interpretations as follows:
· K2: The slot offset between the multi-TTI UL grant and the first scheduled PUSCH/slot.
· S derived from SLIV: The starting symbol of the first scheduled PUSCH. 
· The remaining scheduled PUSCHs have the same starting symbol #0.
· L derived from SLIV: The allocation length of the last scheduled PUSCH. 
· The allocation length of the first scheduled PUSCH is 14-S. 
· The remaining scheduled PUSCHs have the same allocation length 14.
· PUSCH mapping type: 
· Alt 1: The mapping type is applied to the first scheduled PUSCH. The mapping types for the remaining scheduled PUSCHs are always type A.
· Alt 2: The mapping type is applied to the last scheduled PUSCH. The mapping type for the first scheduled PUSCH is always type B. The mapping types for the remaining scheduled PUSCHs are always type A.  
Besides, the number of scheduled PUSCHs (M) can be indicated using a separate field in the multi-TTI UL grant.

[image: ]
Figure 5. Time domain resource allocation in a multi-TTI UL grant

In RAN1#97, there was an FFS item that whether multiple mapping Type B PUSCHs is allowed within the first slot. The time domain resource allocation mechanism described above provides flexibility to schedule one single PUSCH or multiple PUSCHs using a single grant. However, this mechanism cannot scheduled more than one mapping type B PUSCHs in the beginning of an UL transmission burst to increase channel access opportunities. In order to schedule multiple mapping Type B PUSCHs within the first slot, scheduling patterns can be pre-defined or pre-configured for the first slot. Each scheduling pattern defines time domain resource allocations for the PUSCHs scheduled in the first slot except for the starting symbol of the first scheduled PUSCH (indicated by S) and the allocation length of the last scheduled PUSCH (indicated by L) (if the last scheduled PUSCH is included in the first slot). Then, one of the scheduling patterns would be adopted according to the starting symbol (S) indicated by the multi-TTI UL grant. For example, as shown in Figure 6, two scheduling patterns are pre-defined or pre-configured for the first scheduled slot as follows:
· K2 indicates the slot offset between the multi-TTI UL grant and the first scheduled PUSCH/slot.
· S indicates the starting symbol of the first scheduled PUSCH.
· L indicates the allocation length of the last scheduled PUSCH
· M indicates the actual number of scheduled PUSCHs
· If S < 7, two PUSCHs can be scheduled in the first scheduled slot. The first scheduled PUSCH has an allocation length 7-S (if it is not the last scheduled PUSCH). The second scheduled PUSCH has a fixed starting symbol #7 and a fixed allocation length 7 (if it is not the last scheduled PUSCH). 
· If S >= 7, one PUSCH with an allocation length 14-S (if it is not the last scheduled PUSCH) is scheduled in the first scheduled slot.
· The remaining PUSCHs not in the first scheduled slot have the fixed starting symbol #0 and the fixed duration 14 except for the allocation length of the last scheduled PUSCH.



Figure 6. Scheduling patterns for the first slot scheduled by a multi-TTI UL grant

Since scheduling multiple mapping type B PUSCHs in the beginning of an UL transmission burst is only necessary when UE has to perform, e.g., Cat.4 LBT, for the UL transmission burst, such scheduling patterns can be enabled/disabled according to the LBT types indicated in the multi-TTI UL grant.

Proposal 9: Introduce a separate field to indicate the number of scheduled PUSCHs in a multi-TTI UL grant.
Proposal 10: The parameters (K2, SLIV, and PUSCH mapping type) in a row of pusch-AllocationList indicated by TDRA field in a multi-TTI UL grant represents:
· K2: The slot offset between the multi-TTI UL grant and the first scheduled PUSCH/slot
· S derived from SLVI: The starting symbol of the first scheduled PUSCH
· L derived from SLVI: The allocation length of the last scheduled PUSCH
· PUSCH mapping type: 
· Alt 1: The mapping type of the first scheduled PUSCH
· Alt 2: The mapping type of the last scheduled PUSCH
Proposal 11: Scheduling patterns are pre-configured/pre-defined to enable multiple mapping type B PUSCHs in the first slot scheduled by a multi-TTI UL grant. 
· Each scheduling pattern defines time domain resource allocations for the PUSCHs scheduled in the first scheduled slot except for the starting symbol of the first scheduled PUSCH and the allocation length of the last scheduled PUSCH (if the last scheduled PUSCH is included in the first scheduled slot).
· According to the starting symbol of the first scheduled PUSCH, one of the scheduling patterns is determined for the first scheduled slot. 
· The remaining PUSCHs not scheduled in the first scheduled slot have the fixed starting symbol #0 and the fixed duration 14 except for the allocation length of the last scheduled PUSCH.
· The scheduling patterns can be enabled only when UE is indicated to perform Cat.4 LBT for the multi-TTI PUSCH transmissions.
CBGTI
One of the important motivations to enable CBG-based retransmission in NR-U is that UE can retransmit some CBGs rather than the entire TB when some symbols of a scheduled PUSCH transmission are dropped due to the transmission later than the starting position indicated by the UL grant depending on LBT outcome. Moreover, compared with single-TTI scheduling, multi-TTI scheduling doesn’t have the same flexibility on time/frequency domain resource allocation to use fewer resources for CBG-based retransmission. To avoid additional signalling overhead in a multi-TTI UL grant, CBG-based retransmission should be only supported by single TTI PUSCH scheduling. The unused bits from CBGTI field can be reused for RV and NDI bits for multiple PUSCHs.

Proposal 12: Not support CBG-based retransmission in multi-TTI PUSCH scheduling, i.e., no CBGTI field in a multi-TTI UL grant.

Aperiodic CSI report on PUSCH
In NR Rel-15, when UE receives an UL grant that requests an aperiodic CSI report (by a CSI request filed in the UL grant) on a PUSCH without data (by indicating UL-SCH field = 0), a slot offset (K2) between the UL grant and the PUSCH is determined from a list of slot offsets (reportSlotOffsetList) in the RRC configuration of the aperiodic CSI report. The stating symbol (S) and allocation length (L) for the PUSCH is provided by a row of resource allocation table (pusch-AllocationList) indicated by TDFA field in the UL grant. In NR-U, if a multi-TTI UL grant requests an aperiodic CSI report without data, the time domain resource allocation in NR Rel-15 (including K2, S, and L) can be directly reused, and only one PUSCH is scheduled to transmit the aperiodic CSI report.
Proposal 13: If UE receives a multi-TTI UL grant that requests a CSI report without data, only one PUSCH is determined as in NR Rel-15 to transmit the CSI report.

In NR Rel-15, when UE receives an UL grant that requests an aperiodic CSI report (by a CSI request filed in the UL grant) on a PUSCH with data (by indicating UL-SCH field = 1), a UCI and a TB are multiplexed together in a scheduled PUSCH. In NR-U, if a multi-TTI UL grant requests an aperiodic CSI report with data, a set of PUSCHs could be scheduled over multiple slots. Then, the aperiodic CSI report should be transmitted on which PUSCH? At least three options can be considered as follows:
· Option 1. Transmit on the first scheduled PUSCH: Generally, in unlicensed band, the first scheduled PUSCH has a relatively higher probability to be blocked due to LBT failure. Therefore, it is not prefer to transmit the aperiodic CSI report on the first scheduled PUSCH.
· Option 2. Transmit on the first available PUSCH: After LBT succeeds, UE can start to transmit the aperiodic CSI report on the first available PUSCH as soon as possible to reduce latency. However, it leads to additional burden at UE since UE has to prepare two different PUSCHs (w/ and w/o UCI) or re-generate a new PUSCH depending on LBT outcome.
· Option 3. Transmit on the last scheduled PUSCH: The last scheduled PUSCH has a relatively higher probability to be transmitted since there are more LBT attempts before the transmission occasion. Moreover, UE doesn't have to transmit different PUSCHs depending on LBT outcome. However, the last scheduled PUSCH may not has sufficient resources to piggyback the aperiodic CSI report if only a few symbols are allocated for it.
· Option 4. Depending on the number of scheduled PUSCHs: Similar to LAA design, the aperiodic CSI report is transmitted on a scheduled PUSCH depending on the number of scheduled PUSCHs (M) as follows:
· When M <= 2, the aperiodic CSI report is transmitted in the (M)-th scheduled PUSCH
· When M > 2, the aperiodic CSI report is transmitted in the (M-1)-th scheduled PUSCH
This option considers both success probability of LBT and resources for piggybacking the aperiodic CSI report. We see this option is more feasible than others.
Proposal 14: If UE receives a multi-TTI UL grant that requests a CSI report with data, the CSI report should be transmitted on a scheduled PUSCH depending on the number of scheduled PUSCHs (M):
· When M <= 2, the aperiodic CSI report is transmitted in the (M)-th scheduled PUSCH 
· When M > 2, the aperiodic CSI report is transmitted in the (M-1)-th scheduled PUSCH 
Conclusion
In this contribution, HARQ operation and multi-TTI PUSCH scheduling for NR-U operation were discussed. Based on the discussion in the previous sections, we made the following proposals:

Enhanced dynamic HARQ-ACK codebook (type-2 HARQ-ACK codebook)
Proposals 1 and 2: For operation with enhanced dynamic HARQ-ACK codebook:
· Maximum # of PDSCH groups: 2 (1 bit for group index)
· Maximum # of PDSCH groups for which HARQ-ACK feedbacks can be requested in the same PUCCH: 2
· A 1-bit request field is indicated in a DCI scheduling a PDSCH belonging to a scheduled  PDSCH group:
· Set to “0”: only the HARQ-ACK feedback of the scheduled PDSCH group is requested in the PUCCH provided by the DCI.
· Set to “1”: the HARQ-ACK feedbacks for both PDSCH groups having different GI values are requested in the PUCCH provided by the DCI.
· If more than one PDSCH groups are requested to be acknowledged in the same PUCCH, UE concatenates the multiple codebooks individually generated for the multiple PDSCH groups by increasing/decreasing order of corresponding group index values.
· NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH only for the scheduled group (Alt-1)
Proposal 3: Enhanced dynamic HARQ-ACK codebook should be supported in both fallback and non-fallback DCIs.
· Group index and NFI should be included in both fallback and non-fallback DCIs
[bookmark: _GoBack]Proposal 4: Fallback DCI scheduling a PDSCH can request HARQ-ACK feedback only for the scheduled PDSCH group 

One-shot HARQ-ACK feedback for all configured HARQ processes
Proposal 5: When UE is configured with semi-static HARQ-ACK codebook, gNB can request/trigger one-shot HARQ-ACK feedback for all configured HARQ processes.
· The request/trigger can be carried in DCI scheduling PDSCH
· Only TB-level HARQ-ACK is support
Proposal 6: When UE is configured with dynamic HARQ-ACK codebook or enhanced dynamic HARQ-ACK codebook, triggering one-shot HARQ-ACK feedback for all configured HARQ processes cannot be used.
Multiple frequency domain transmission opportunities
Proposal 7: Allocation of more than one frequency domain candidate resources distributed in different 20MHz LBT subbands for a PUCCH transmission should be supported in NR-U.
Proposal 8: Due to larger specification and implementation efforts, no need to consider PUCCH resource configurations on SCells other than PCell/PSCell/PUCCH-SCell if no significant gain is identified.
Multi-TTI PUSCH scheduling
Proposal 9: Introduce a separate field to indicate the number of scheduled PUSCHs in a multi-TTI UL grant.
Proposal 10: The parameters (K2, SLIV, and PUSCH mapping type) in a row of pusch-AllocationList indicated by TDRA field in a multi-TTI UL grant represents:
· K2: The slot offset between the multi-TTI UL grant and the first scheduled PUSCH/slot
· S derived from SLVI: The starting symbol of the first scheduled PUSCH
· L derived from SLVI: The allocation length of the last scheduled PUSCH
· PUSCH mapping type: 
· Alt 1: The mapping type of the first scheduled PUSCH
· Alt 2: The mapping type of the last scheduled PUSCH
Proposal 11: Scheduling patterns are pre-configured/pre-defined to enable multiple mapping type B PUSCHs in the first slot scheduled by a multi-TTI UL grant. 
· Each scheduling pattern defines time domain resource allocations for the PUSCHs scheduled in the first scheduled slot except for the starting symbol of the first scheduled PUSCH and the allocation length of the last scheduled PUSCH (if the last scheduled PUSCH is included in the first scheduled slot).
· According to the starting symbol of the first scheduled PUSCH, one of the scheduling patterns is determined for the first scheduled slot. 
· The remaining PUSCHs not scheduled in the first scheduled slot have the fixed starting symbol #0 and the fixed duration 14 except for the allocation length of the last scheduled PUSCH.
· The scheduling patterns can be enabled only when UE is indicated to perform Cat.4 LBT for the multi-TTI PUSCH transmissions.
Proposal 12: Not support CBG-based retransmission in multi-TTI PUSCH scheduling, i.e., no CBGTI field in a multi-TTI UL grant.
Proposal 13: If UE receives a multi-TTI UL grant that requests a CSI report without data, only one PUSCH is determined as in NR Rel-15 to transmit the CSI report.
Proposal 14: If UE receives a multi-TTI UL grant that requests a CSI report with data, the CSI report should be transmitted on a scheduled PUSCH depending on the number of scheduled PUSCHs (M):
· When M <= 2, the aperiodic CSI report is transmitted in the (M)-th scheduled PUSCH 
· When M > 2, the aperiodic CSI report is transmitted in the (M-1)-th scheduled PUSCH 
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