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Introduction 
The objectives of the NR-U WI [1] include specifying the following for physical layer procedures:
[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)
The agreements and conclusions from the SI phase are captured in [4]. In this contribution, we present our views on some of the remaining aspects of HARQ operation. 
HARQ ACK Feedback
Among all the alternatives identified during the SI phase, the two main enhancements to enable multiple opportunities for HARQ-Ack feedback are
· [bookmark: _Hlk15207788]Enhanced dynamic HARQ-Ack.
· One-shot group HARQ-Ack feedback.

In this section, we focus on the remaining details for the two enhancements above as well as some issues related to non-numeric K1 value (as identified as higher priority items for HARQ-Ack enhancements in RAN #84).
Enhanced Dynamic HARQ-Ack Feedback
In this section, we discuss the remaining details of enhanced dynamic HARQ-Ack feedback. First, the common understanding that RAN1 has and the assumption for all the discussion regarding enhanced dynamic HARQ-Ack codebook should be confirmed as follows:

[bookmark: p0]Proposal 1: DAI for a PDSCH group is accumulated across the PUCCH transmission occasions if NFI is not toggled.

Also, it is important to ensure that the information indicated by DCI for the enhanced dynamic HARQ-Ack are consistent among the DCIs for a PUCCH transmission occasion (defined as all the DCIs that have a value of K1 indicating the same slot for HARQ-Ack feedback). For example, the NFI for a given PDSCH group should not be toggled multiple times in a given PUCCH transmission occasion. Otherwise, the DAI is reset multiples times for a given PDSCH group within one PUCCH transmission occasion as shown in Figure 1. In fact, NFI toggling (DAI resetting) per PDSCH group should be decided per PUCCH transmission occasion.
[image: ]
[bookmark: _Ref15681083][bookmark: _Hlk15236262]Figure 1: DAI for a PDSCH group should not be reset within a given PUCCH transmission occasion.
On the other hand, if at the time of transmitting the first DCI gNB has not yet received / decoded the PUCCH corresponding to the previous PUCCH transmission occasion, gNB may not indicate that the value of NFI is toggled compared to the previous PUCCH transmission occasion initially, but upon correctly decoding the PUCCH, gNB should toggle the NFI for that group so that the previous A/N payload are not transmitted again. In such cases, whether the NFI is toggled or not for a PDSCH group compared to the previous PUCCH transmission occasion should be determined by the latest DCI among the DCIs for a PUCCH transmission occasion.   
[bookmark: p1]Proposal 2: DAI for a PDSCH group should not be reset within a given PUCCH transmission occasion. Whether the DAI is reset or not compared to the previous PUCCH transmission occasion is determined by the value of the NFI for the PDSCH group in the latest DCI corresponding to the current PUCCH transmission occasion.
Similarly, the request field “R” (whether the HARQ-Ack feedback for the other group should be included or not) should be consistent for the DCIs for a PUCCH transmission occasion. It is possible that initially gNB does not request feedback for the other group (i.e. R=0) since it has not yet received or decoded the PUCCH for the previous PUCCH transmission occasion, but upon determining that the PUCCH is not correctly received, it requests the feedback for the other group. In such cases, whether to include the feedback for the other group or not should be based on the value of the R field of the latest DCI among the DCIs for a PUCCH transmission occasion. 
[bookmark: p2]Proposal 3: Whether the feedback for the other group is included or not is determined by the value of the request field in the latest DCI corresponding to the current PUCCH transmission occasion.
Another issue is the ordering of the HARQ-Ack codebooks of the two PDSCH groups when both are included in a given PUCCH transmission occasion. A simple rule can be to place the codebook of the first PDSCH group first followed by the codebook of the second PDSCH group. In the absence of any rule, there could be confusion between UE and gNB.
[bookmark: p3]Proposal 4: When feedback for more than one PDSCH group exists for a PUCCH transmission occasion, the feedback for PDSCH group #1 is appended to the feedback for PDSCH group #0.
The following agreement was achieved in RAN1 #98bis:
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

One remaining issue is regarding the NFI value for a PDSCH scheduled by DCI format 1_0. Adding one bit to the fallback DCI for the purpose of enhanced dynamic codebook is obviously not desirable as this means additional DCI overhead for fallback DCI regardless of whether enhanced dynamic codebook is configured or not. Instead, pre-determined rules can be defined. For example, if all the DL DCIs corresponding to a PUCCH transmission occasion have DCI format 1_0, then regular dynamic codebook is assumed for that PUCCH transmission occasion (i.e. NFI is assumed to be toggled compared to the previous instant). On the other hand, if there is at least one non-fallback DCI corresponding to a given PUCCH transmission occasion that indicates the NFI value of PDSCH group #0, the NFI value for all the fallback DCIs corresponding to the same PUCCH transmission occasion are assumed to have the same NFI value as the non-fallback DCI. This is reasonable because if network did not receive the HARQ-Ack feedback for the previous PUCCH transmission occasion, then it can always use at least one non-fallback DCI to indicate that NFI has not been toggled.   
[bookmark: p4]Proposal 5: For NFI value of PDSCH group #0 scheduled by DCI format 1_0, the following are assumed:
· If UE detects at least one non-fallback DCI corresponding to a given PUCCH transmission occasion that indicates the NFI value of PDSCH group #0, the NFI value for all the fallback DCIs corresponding to the same PUCCH transmission occasion are assumed to have the same NFI value as the non-fallback DCI.
· Otherwise, the NFI is assumed to be toggled.
Regarding UL DAI field for multiplexing of HARQ-Ack on PUSCH when enhanced dynamic codebook is used, the following agreement was achieved in RAN1 #98bis:
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

[bookmark: _Hlk23279292]Regarding the FFS part, let us consider two cases: Case 1: If UE would report HARQ-Ack feedback on PUCCH for only one PDSCH group, then the UL DAI field is applied to that PDSCH group (whether the PDSCH group is the first group or the second group). Case 2: If UE would report HARQ-Ack feedback on PUCCH for both PDSCH groups, then the UL DAI field is applied to the first PDSCH group (i.e. first group index). An alternative is to always associate the UL DAI field with the first group index (for both Case 1 and Case 2), but that is an unnecessary restriction since the field becomes useless when UE reports feedback only for the second PDSCH group.
[bookmark: p5]Proposal 6: If UL DAI is configured to be present in the UL DCI for only one PDSCH group:
· If UE would report HARQ-Ack feedback on PUCCH for only one PDSCH group, then the UL DAI field is applied to that PDSCH group.
· If UE would report HARQ-Ack feedback on PUCCH for both PDSCH groups, then the UL DAI field is applied to PDSCH group #0.
In addition to UL DAI, it is important for the UE to also know the NFI of a PDSCH group when HARQ-Ack feedback is to be multiplexed on PUSCH. Hence, UL DCI format 0_1 should also indicate the NFI of a PDSCH group. Otherwise, the codebook size of HARQ-Ack feedback may not be correct and this not only results in network not being able to decode the HARQ-Ack feedback and other UCIs, but also impacts the PUSCH. For example, when the last DL DCI is missed, and NFI is toggled in that DCI, then the HARQ-Ack codebook size determined by the UE will be incorrect as shown in Figure 2. Note that this does not happen in Rel. 15 when HARQ-Ack is multiplexed on PUSCH even if the last DL DCI is missed (as UL DAI field is enough for non-enhanced dynamic HARQ-Ack feedback). In fact, the reason for including UL DAI field in Rel. 15 dynamic HARQ-Ack codebook is to protect the PUSCH in case the last DL DCI is missed. For the same reason, when UE is configured with enhanced dynamic HARQ-Ack codebook, to protect PUSCH against last DL DCI missing issue, NFI of a PDSCH group should be included in addition to the t-DAI. 
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[bookmark: _Ref23608066]Figure 2: HARQ-Ack codebook size issue (and impact on PUSCH) if UL DCI does not indicate NFI.
[bookmark: p6]Proposal 7: If enhanced dynamic HARQ-Ack codebook is configured, DCI format 0_1 should also indicate the value of NFI.
· It is configurable whether to include NFI for one PDSCH group or for both PDSCH groups (using the same RRC parameter as for the presence of additional UL DAI field).
Another issue is related to CBG-based HARQ-Ack transmission when UE is provided with PDSCH-CodeBlockGroupTransmission in at least one of the CCs in a PUCCH group. In Rel. 15, we can have two sub-codebooks in the HARQ-Ack codebook: One corresponding to TB-based HARQ-Ack and another corresponding to CBG-based HARQ-Ack with two separate DAI counting processes. In the presence of both enhanced dynamic HARQ-Ack codebook and CBG-based HARQ-Ack transmission, the maximum number of sub-codebooks is increased to 4, which means that there could be up to 4 separate DAI processes. When a DL DCI format 1_1 is received scheduling a PDSCH for the first group in a CC that is configured with PDSCH-CodeBlockGroupTransmission and requests feedback for the second group, then does it mean that both TB-based and CBG-based sub-codebooks are requested for the second group or does it mean that only CBG-based sub-cookbook is requested? In the former case, more additional T-DAI fields are needed in the DCI, which increases the DCI overhead. Therefore, a simple solution is the latter case to avoid the complications for CBG-based A/N. Similarly, when a DL DCI format 1_1 is received scheduling a PDSCH for the first group in a CC that is not configured with PDSCH-CodeBlockGroupTransmission and requests feedback for the second group, it is applied only to the TB-based sub-codebook. 
[bookmark: p7]Proposal 8: When UE is configured with enhanced dynamic codebook
· DCI format 1_1 scheduling PDSCH in a CC that is configured with PDSCH-CodeBlockGroupTransmission can only request HARQ-Ack feedback for CBG-based sub-codebook (for the scheduling group or the other group).
· DCI format 1_1 scheduling PDSCH in a CC that is not configured with PDSCH-CodeBlockGroupTransmission can only request HARQ-Ack feedback for TB-based sub-codebook (for the scheduling group or the other group).
One-Shot Group HARQ-Ack Feedback
The following agreements were achieved during RAN1 #98b:
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 the feedback is requested in the UE-specific DL DCI scheduling PDSCH, it is only required to add 1 bit to DCI format 1_1 when UE is configured with one-shot feedback. If the feedback is requested in a UE-specific DCI not scheduling PDSCH or PUSCH, it requires a new DCI format, which would increase the number of DCI formats the UE has to monitor. Furthermore, the feedback can be piggybacked on PUSCH per normal UCI multiplexing procedures, and there is no need in requesting the one-shot HARQ-Ack feedback directly in a UL DCI.
[bookmark: p8]Proposal 9: The DCI requesting a one-shot HARQ-Ack feedback is the DCI format 1_1 carrying a PDSCH assignment. A 1-bit field is added to the DCI if the UE is configured with one-shot feedback.
One of the challenges with the one-shot HARQ-ACK feedback is that gNB and UE may not be in sync on feedback for a particular HARQ ID if UE misses the corresponding PDCCH as is shown in the figure below. 


Figure 3: ACK feedback mis-alignment between gNB and UE for one-shot group HARQ-ACK feedback on PDCCH misdetection
As is seen in the figure, including the HARQ feedback of previous instance of that HARQ-ID in case of PDCCH misdetections leads to mismatch in gNB and UE on the HARQ ACK feedback. One solution for this problem is for UE to report NACK for a HARQ-ID for which it has already reported ACK feedback. However, such a solution doesn’t lend itself to requesting ACK feedback multiple times from the UE in case of HARQ-ACK feedback detection issues at gNB. Including the NDI bits of the HARQ process as part of the HARQ-ACK feedback by the UE solves this problem while also allowing re-request of same HARQ-ACK feedback to address detection issues at gNB. 
The following agreement was achieved during RAN1 #98bis:
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

As mentioned above, Alt. A in the agreement above results in serious error cases and is not a viable option. It is important to note that Alt. C in the agreement above (XOR of latest NDI value and HARQ-Ack) does not solve the issue. This is illustrated in Figure 4 for a given HARQ process ID. Note that when NDI value at UE is different than NDI value at the gNB due to missing DCI issue and when UE does not decode the PDSCH scheduled by the previous DCI (but gNB decides to schedule a new transmission and hence toggles the NDI value), error case occurs, i.e., gNB thinks the PDSCH scheduled by the new DCI is decoded whereas in reality the new DCI is missed.
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[bookmark: _Ref23057907]Figure 4: XOR of latest NDI value and HARQ-Ack does not solve the issue.
[bookmark: p9]Proposal 10: Support Alt. B: Latest NDI value is reported along with HARQ-Ack in the one-shot HARQ-ACK feedback. UE assumes NDI=0 if there is no prior NDI value for the HARQ process.
Handling Non-Numeric Value of K1
The enhancements related to non-numeric K1 value should not be restricted to the retriggering mechanisms (one-shot feedback or enhanced dynamic HARQ-Ack), and should be specified even for Rel. 15 types of HARQ-Ack as the motivation for non-numeric K1 is not necessarily related to the motivation for requesting a retransmission of HARQ-Ack. 
A simple mechanism for determining the timing for HARQ-Ack transmission of a PDSCH that is scheduled with non-numeric K1 is through another DCI scheduling another PDSCH with numeric K1 value. In order to add additional check / robustness for this mechanism, we can require the PRI values of the two DCIs to be the same in order to validate this association. This is illustrated in Figure 5. After the DCI with non-numeric K1 value, if the first detected DCI with a numeric K1 value does not have a matching PRI, this can imply that the slot for HARQ-Ack transmission of the two PDSCHs are not the same (this can happen due to e.g. missing DCIs), and therefore, association between the two PDSCHs does not occur. If the PRI values are the same, the UE can assume that DAI has not been reset for the case of non-enhanced dynamic codebook (i.e., both DCIs belong to the same DAI counting process).
Note that similar to Rel. 15, the PRI of the last DCI can be used for determining the PUCCH resource, which means that network can indicate the PUCCH resource by using subsequent DCIs with a different PRI value as shown in Figure 5. 
[bookmark: p10]Proposal 11: The timing for HARQ-Ack transmission of a PDSCH scheduled by a first DCI with non-numeric K1 value is determined based on the earliest detected DCI (after the first DCI) scheduling another PDSCH with a numeric K1 value if the PRI values of the two DCIs are the same.
· If the PRI values of the two DCIs are not the same, HARQ-Ack feedback for the PDSCH scheduled with non-numeric K1 is discarded.
· If the PRI values of the two DCIs are the same, UE assumes that the DAI has not been reset for regular dynamic HARQ-Ack codebook.
[image: ]
[bookmark: _Ref15681205]Figure 5: Determining the timing for A/N transmission of a PDSCH with non-numeric K1 value.

In NR Rel. 15, we have the following restriction (38.214): “The UE is not expected to receive another PDSCH for a given HARQ process until after the end of the expected transmission of HARQ-ACK for that HARQ process”. However, when non-numeric K1 value is used for scheduling a PDSCH, UE does not know the expected transmission of HARQ-ACK for that HARQ process initially. Therefore, gNB cannot use that HARQ ID again until after the DCI requesting/triggering feedback is transmitted and HARQ-Ack for that HARQ process is transmitted. However, the DCI requesting/triggering feedback can be missed. Note that this issue does not exist in Rel. 15 as timing of HARQ-Ack is determined from the same DCI scheduling the PDSCH.
In addition, it is possible that UE discards the HARQ-Ack bits corresponding to the PDSCH scheduled with non-numeric K1 (as agreed for the case of enhanced dynamic codebook based on NFI not matching, and as proposed for the case of regular dynamic / semi-static codebooks based on PRIs not matching). In that case, based on current constraint mentioned above, that HARQ process cannot be used by the gNB, which is a serious limitation. Hence, we propose
[bookmark: p11]Proposal 12: When a PDSCH for a given HARQ process ID is scheduled with non-numeric K1 value, a second PDSCH with the same HARQ process ID can be received after the end of expected transmission of HARQ-Ack for that HARQ process or after UE discards the HARQ-Ack for that HARQ process. 
Multi-TTI Scheduling
In the following sections we provide more details of design of the multi-TTI grant.
TDRA for Multi-TTI grant
To enable more LBT opportunities for the UE, it may also be desirable for the multi-TTI grant to support mini-slot type grant at the beginning which switches to full slot grant at slot boundaries. Some examples of how the multi-TTI grant would operate with LBT and with mix of mini-slots and full slots is shown in Figure 6.


[bookmark: _Ref513638859][bookmark: _Ref513638854]Figure 6: Examples of operation with Multi-TTI grant
[bookmark: p12]Proposal 13: The multi-TTI grants should include support for transmitting mini-slots in the initial portion of the transmission which can be followed by switching to full slot at slot boundaries.
Furthermore, more flexibility can be achieved if mini-slots are allowed not just in the beginning of UL transmission when scheduled by a multi-TTI grant, but also in the middle. For example, assume that a HARQ process ID in the middle corresponds to a retransmission for which CBGTI information (as explained in more details in the next section) indicates transmission of only one CBG (out of e.g. 8 CBGs), we may not need a full slot for transmission of that CBG.
In Rel. 15, TDRA field indicates one of the entries of the higher layer parameter pusch-TimeDomainAllocationList if the higher layer parameter is configured; otherwise default table is used. A different table format can be considered to handle the general case of allocating mixture of mini-slots and full slots in a multi-TTI grant. 
The following agreement was achieved in RAN1 #98bis regarding the TDRA of multi-TTI grant:
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

As explained above, Alt. 1 is more flexible as it can indicate multiple mini-slots in the beginning for faster channel access by allowing for more LBT opportunities in the beginning. Furthermore, extension of the RRC-configured TDRA table to indicate multiple SLIVs and mapping types can be done easily. In addition, the maximum number of PUSCHs that can be scheduled by multi-TTI grant can be determined from the RRC-configured TDRA table.
[bookmark: p13]Proposal 14: For TDRA table of multi-TTI grant, support Alt. 1. 
· The maximum number of PUSCHs scheduled by a DCI, N, is determined by the configured TDRA table, and should be restricted to N=1, 2, 3, …, 8. 
· NDI field has size equal to N. 
TBS determination and MCS signalling for retransmissions
In Rel. 15, TBS is determined based on MCS, number of RBs, number of OFDM symbols, number of layers, etc. (38.124 Section 6.1.4). MCS entries 0-27 (0-28 for some tables) are explicit MCS entries, which indicate modulation order and target code rate based on which UE determines the TBS (also based on number of RBs, number of OFDM symbols, number of layers, etc.). MCS entries 28-31 (29-31 for some tables) are implicit MCS entries that only determine the modulation order and not the target coding rate in which case TBS is determined from the previous DCI transported in the latest PDCCH for the same TB that used explicit MCS entries.
Based on the above discussions, for scheduling a retransmission, network has two choices for single-TTI scheduling: 
1. Use an implicit MCS or 
2. Carefully use an explicit MCS together with other scheduling parameters (RBs, symbols, layers) such that the TBS calculation by the UE results in the same TBS as the initial transmission. 
Regarding TBS determination for the case of multi-TTI scheduling, the following agreement was achieved in RAN1 #98bis:
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 Alt. 1, if one MCS common to all PUSCHs is indicated in the DCI, the first choice discussed above is only possible if all of the scheduled PUSCHs correspond to a retransmission (otherwise, implicit MCS cannot be used). Also, the second choice discussed above may not be always feasible since some of the PUSCHs correspond to new transmissions and some other PUSCHs correspond to retransmissions. As an example, consider the case in Figure 7, where the PUSCH with HARQ process ID=2 correspond to a retransmission. If the network tries to choose the common explicit MCS and RBs for all PUSCHs just for the purpose of resulting in the same TBS as the initial transmission for the second PUSCH (with HARQ process ID=2), this will reduce the scheduling flexibility to a great extent. Furthermore, this may not be even possible if more than one PUSCH (but not all the scheduled PUSCHs) correspond to a retransmission.
[image: ]
[bookmark: _Ref15681338]Figure 7: Issues with having one common MCS for multi-TTI scheduling.
 
Alt. 2 in the agreement above relies on NDI, i.e., whether it toggled compared to the previous detected DCI for that HARQ process ID, and is not a robust solution as it is prune to errors due to missing DCIs (i.e. in case a previous grant scheduling the initial transmission of a HARQ process ID is missed). Therefore, we propose to 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 be based on the previous DCI scheduling the same TB for the same HARQ process ID. Otherwise (i.e. in Alt 2), the UE and gNB may not be on the same page about TBS determination (e.g. gNB assumes that UE determines the TBS based on the previous DCI scheduling the same TB while the UE determines the TBS based on indicated MCS when previous DCI is missed).
It is important to note that NDI toggling may not be identical to the information in the bitmap as shown in Figure 8, in which
· Scenario 1: DMRS of the initial PUSCH is detected (but PUSCH data is not decoded). Hence, gNB knows that the initial DCI is not missed and the bit value of the bitmap for HARQ process ID 2 is set to one.
· Scenario 2: DMRS of the initial PUSCH is not detected. Hence gNB does not know if the initial DCI was missed or not (not detecting DMRS could be due to LBT failure at the UE, or strong interference at the gNB, or the initial DCI being missed by the UE) and the bit value of the bitmap for HARQ process ID 2 is set to zero. Note that in this case, UE should use the common MCS in the multi-TTI DCI for TBS determination. Given that the initial PUSCH transmission is not detected at the gNB (in all the cases mentioned), gNB does not do soft combining with the previous PUSCH for this TB anyway. Hence, there is no necessity for the TBS to be the same as the initial transmission (even though NDI is not toggled from gNB’s perspective).
[image: ]
[bookmark: _Ref15681392]Figure 8: Scenario 1 and scenario 2 described above.

Note that this bitmap can be also used for CBGTI / RV compression discussed in the next section. Therefore, using the bitmap will not only address the TBS issue discussed above, but also results in DCI payload reduction overall.
[bookmark: p14]Proposal 15: Support Alt. 3 for TBS determination based on MCS (bitmap). Modulation order is determined based on the indicated MCS independent of the bitmap.
CBGTI / RV for Multi-TTI grant
NR support CBG based HARQ ACK feedback and CBG based retransmission. The benefits CBG based HARQ also apply to NR-U and hence should be supported for NR-U. 
[bookmark: p15]Proposal 16: The multi-TTI grants should also support CBG based retransmissions.
However, indicating the CBG based transmission information for each of the TTIs scheduled by the multi-TTI grant in the same DCI can increase the DCI overhead significantly. For example, with 16 HARQ processes and 4 CBGs per HARQ process, the multi-TTI grant would need 64 bits just for the CBG based transmission information. Hence, some solutions need to be considered in order to accommodate the increased DCI overhead. 
In a multi-TTI grant, some of the scheduled PUSCHs are for initial transmissions while others are for retransmissions. Given that CBGTI field is not needed for initial transmissions, if we limit the maximum number of retransmissions that can be scheduled by a multi-TTI grant, then the DCI size can be reduced significantly. Note that this should not limit the scheduling flexibility of a multi-TTI grant as in a typical operation, the first BLER is around 10%. The maximum number of allowed retransmissions in a multi-TTI grant can be an RRC parameter. Also, this requires the UE to identify which of the scheduled HARQ process IDs correspond to a retransmission and which ones correspond to an initial transmission. This can be achieved through the bitmap discussed and proposed in Section 3.1.2 (note that in the case of scenario 2 in Figure 8, CBGTI is not needed as gNB did not even detect the presence of the initial transmission, which means that the bit in the bitmap can be set to zero also for the CBGTI purpose).
Considering the example of a Multi-TTI grant scheduling up to 16 PUSCHs and assuming that maximum of 4 retransmissions can be included in the grant, and number of CBGs is configured to be 4, 16 bits are required in the multi-TTI grant for CBGTI information. In addition, we need to include a bit map to indicate which of the HARQ process IDs correspond to a retransmission (which may be anyway needed as discussed in Section 3.1.2). This results in 16+16=32 bits. Alternatively, the explicit indication can indicate one of the  possibilities. This results in 12+16=28 bits. Note that without this enhancement, 64 bits are required to indicate the CBGTI information for the 16 HARQ process IDs.
Note that the same mechanism can be also used for RV indication. In the LAA design, RV is one bit for the multi-TTI grant (can be either 0 or 2). Assuming that RV value can be fixed to 0 for any initial transmission in the multi-TTI grant, and RV value can be either 0 or 2 for any retransmission, the example above only requires 4 bits for RV indication. Without this enhancement, 16 bits are required for RV indication (one bit per HARQ process ID).   
Also, the limit for maximum number of retransmissions is up to the gNB to configure, which can be determined based on scheduling flexibility and DCI overhead trade-off. In addition, for the case that the actual number of retransmissions to schedule becomes larger than the maximum number of retransmissions that the UE is configured with, all of the retransmissions can still be scheduled, and the only cost is that for some of the retransmissions, RV is fixed to 0 and CBG-based retransmission is not possible. 
[bookmark: p16]Proposal 17: Introduce the following scheme to reduce the DCI size of multi-TTI grant
· Limit the maximum number of retransmissions in a multi-TTI grant through an RRC parameter, which can be smaller than N (maximum number of PUSCHs).
· CBGTI and RV fields include the information only for HARQ process IDs corresponding to a retransmission as indicated by the bitmap. The length of the CBGTI and RV fields in the DCI is a function of the maximum number of retransmissions. 
Conclusion
The proposals made in this contribution are summarized below:
Proposal 1: DAI for a PDSCH group is accumulated across the PUCCH transmission occasions if NFI is not toggled.
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Proposal 2: DAI for a PDSCH group should not be reset within a given PUCCH transmission occasion. Whether the DAI is reset or not compared to the previous PUCCH transmission occasion is determined by the value of the NFI for the PDSCH group in the latest DCI corresponding to the current PUCCH transmission occasion.
Proposal 3: Whether the feedback for the other group is included or not is determined by the value of the request field in the latest DCI corresponding to the current PUCCH transmission occasion.
Proposal 4: When feedback for more than one PDSCH group exists for a PUCCH transmission occasion, the feedback for PDSCH group #1 is appended to the feedback for PDSCH group #0.
Proposal 5: For NFI value of PDSCH group #0 scheduled by DCI format 1_0, the following are assumed:
· If UE detects at least one non-fallback DCI corresponding to a given PUCCH transmission occasion that indicates the NFI value of PDSCH group #0, the NFI value for all the fallback DCIs corresponding to the same PUCCH transmission occasion are assumed to have the same NFI value as the non-fallback DCI.
· Otherwise, the NFI is assumed to be toggled.
Proposal 6: If UL DAI is configured to be present in the UL DCI for only one PDSCH group:
· If UE would report HARQ-Ack feedback on PUCCH for only one PDSCH group, then the UL DAI field is applied to that PDSCH group.
· If UE would report HARQ-Ack feedback on PUCCH for both PDSCH groups, then the UL DAI field is applied to PDSCH group #0.
Proposal 7: If enhanced dynamic HARQ-Ack codebook is configured, DCI format 0_1 should also indicate the value of NFI.
· It is configurable whether to include NFI for one PDSCH group or for both PDSCH groups (using the same RRC parameter as for the presence of additional UL DAI field).
Proposal 8: When UE is configured with enhanced dynamic codebook
· DCI format 1_1 scheduling PDSCH in a CC that is configured with PDSCH-CodeBlockGroupTransmission can only request HARQ-Ack feedback for CBG-based sub-codebook (for the scheduling group or the other group).
· DCI format 1_1 scheduling PDSCH in a CC that is not configured with PDSCH-CodeBlockGroupTransmission can only request HARQ-Ack feedback for TB-based sub-codebook (for the scheduling group or the other group).
Proposal 9: The DCI requesting a one-shot HARQ-Ack feedback is the DCI format 1_1 carrying a PDSCH assignment. A 1-bit field is added to the DCI if the UE is configured with one-shot feedback.
Proposal 10: Support Alt. B: Latest NDI value is reported along with HARQ-Ack in the one-shot HARQ-ACK feedback. UE assumes NDI=0 if there is no prior NDI value for the HARQ process.
Proposal 11: The timing for HARQ-Ack transmission of a PDSCH scheduled by a first DCI with non-numeric K1 value is determined based on the earliest detected DCI (after the first DCI) scheduling another PDSCH with a numeric K1 value if the PRI values of the two DCIs are the same.
· If the PRI values of the two DCIs are not the same, HARQ-Ack feedback for the PDSCH scheduled with non-numeric K1 is discarded.
· If the PRI values of the two DCIs are the same, UE assumes that the DAI has not been reset for regular dynamic HARQ-Ack codebook.
Proposal 12: When a PDSCH for a given HARQ process ID is scheduled with non-numeric K1 value, a second PDSCH with the same HARQ process ID can be received after the end of expected transmission of HARQ-Ack for that HARQ process or after UE discards the HARQ-Ack for that HARQ process. 
Proposal 13: The multi-TTI grants should include support for transmitting mini-slots in the initial portion of the transmission which can be followed by switching to full slot at slot boundaries.
Proposal 14: For TDRA table of multi-TTI grant, support Alt. 1. 
· The maximum number of PUSCHs scheduled by a DCI, N, is determined by the configured TDRA table, and should be restricted to N=1, 2, 3, …, 8. 
· NDI field has size equal to N. 
Proposal 15: Support Alt. 3 for TBS determination based on MCS (bitmap). Modulation order is determined based on the indicated MCS independent of the bitmap.
Proposal 16: The multi-TTI grants should also support CBG based retransmissions.
Proposal 17: Introduce the following scheme to reduce the DCI size of multi-TTI grant
· Limit the maximum number of retransmissions in a multi-TTI grant through an RRC parameter, which can be smaller than N (maximum number of PUSCHs).
· CBGTI and RV fields include the information only for HARQ process IDs corresponding to a retransmission as indicated by the bitmap. The length of the CBGTI and RV fields in the DCI is a function of the maximum number of retransmissions. 
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