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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution we discuss the remaining issues for HARQ enhancement and scheduling, including the enhanced dynamic HARQ-ACK codebook based on non-fallback/fallback DAI, one-shot HARQ-ACK feedback, and multiple opportunities for the HARQ-ACK feedback in frequency domain, also the DCI design for multi-TTI scheduling is included. The agreements from RAN1 #98bis could be found in Appendix. 
[bookmark: OLE_LINK8][bookmark: _Ref129681832]Enhanced dynamic HARQ-ACK codebook 
Enhanced dynamic HARQ-ACK codebook in PUCCH
As agreed in last meeting [1], 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. When HARQ-ACK feedback for more than one PDSCH group is requested, UE generates the HARQ-ACK codebook by appending the HARQ-ACK codebook for second group to the HARQ-ACK codebook for first group. 
For enhanced dynamic HARQ-ACK codebook, if a PDSCH is scheduled by fallback DCI, it has been agreed that UE should report the corresponding HARQ-ACK feedback as part of the PDSCH group #0. However, if all of the PDSCHs in group #0 have been scheduled by fallback DCI until the time the UE sends the HARQ-ACK feedback, then the UE should not expect that multiple HARQ-ACK feedback opportunities for group #0 will be provided, and the UE should be allowed to discard the HARQ-ACK information after the feedback occasion indicated by the fallback DCI.
Otherwise when PDSCHs for the same group are scheduled by both fallback and non-fallback DCIs, the UE should derive the NFI and the request for multiple group HARQ-ACK feedback (R) by the non-fallback DCI scheduling PDSCH(s) with group #0 and indicating the same feedback opportunity by PDSCH-to-HARQ_feedback timing indicator. As shown in Figure 1, the PDSCH in slot n+1 is scheduled by fallback DCI, UE should derive the NFI and R by the previous non-fallback DCI scheduling PDSCH with G=0 in slot n, since the same HARQ-ACK feedback timing is indicated for them. While for the PDSCH in slot m scheduled by fallback DCI, UE should derive the NFI and R by the later non-fallback DCI.
[bookmark: OLE_LINK11]Observation 1: For group #0, if all the PDSCH(s) are scheduled by fallback DCI, the UE does not expect that HARQ-ACK feedback for these PDSCHs will be requested more than once. Otherwise, UE follows the indications (including NFI) for group #0 in non-fallback DCIs pointing to the same PUCCH.
Proposal 1: For enhanced dynamic HARQ-ACK codebook in PUCCH: 
· UE generates the HARQ-ACK codebook by appending the HARQ-ACK codebook for the second group to the codebook for the first group if HARQ-ACK feedback for more than one group is requested.
[image: ]
[bookmark: _Ref23351561]Figure 1. Enhanced dynamic HARQ-ACK codebook based on fallback DCI
Enhanced dynamic HARQ-ACK codebook in PUSCH
Enhanced dynamic HARQ-ACK codebook in PUSCH has been supported, which means that HARQ-ACK feedback for more than one PDSCH group could be carried in one PUSCH. Since the presence of UL DAI for an additional PDSCH group in the non-fallback DCI can be configured by RRC signaling, to avoid the ambiguity on the number of required PDSCH groups between UE and gNB, the same indication as in DL non-fallback DCI, the request for multiple group feedback (R) should be included in the UL non-fallback DCI. Besides, the following rules should be defined:
· If UL DAI for only one group is configured, 
· If feedback is requested for just one group, then this UL DAI field applies to the reported group.
· If feedback is requested for both groups, then this UL DAI field applies to group #0, and the UE derives the DAI for group #1 by the last DL DCI scheduling PDSCH reception for group #1.
· If UL DAI for more than one group are configured, these UL DAI fields apply separately to each group;
· The UE generates the HARQ-ACK codebook by appending the HARQ-ACK codebook for the second group to the HARQ-ACK codebook for the first group.
Proposal 2: For enhanced dynamic HARQ-ACK codebook in PUSCH
· The request for multiple group HARQ-ACK feedback should be included in UL DCI;
· If UL DAI for only one group is configured,
· If feedback is requested for just one group, then this UL DAI field applies to the reported group.
· If feedback is requested for both groups, then this UL DAI field applies to group #0, and the UE derives the DAI for group #1 by the last DL DCI scheduling PDSCH reception for group #1.
· If UL DAI for more than one group are configured, these UL DAI fields apply separately to each group;
· The UE generates the HARQ-ACK codebook by appending the HARQ-ACK codebook for the second group to the HARQ-ACK codebook for the first group. 

One-shot HARQ-ACK feedback 
It has been agreed that one-shot HARQ-ACK feedback should be configurable separately from the configuration of semi-static codebook. It means that one-shot HARQ-ACK feedback and semi-static codebook could be configured simultaneously, which could solve the error cases and no further enhancement for semi-static HARQ-ACK codebook is needed.
[bookmark: OLE_LINK4]Observation 2: Besides the one-shot HARQ-ACK feedback, no further enhancement for semi-static HARQ-ACK codebook is needed.
To support one-shot HARQ-ACK feedback, a dedicated trigger should be carried in a UE-specific DCI. A new field (1 bit) could be introduced in DL non-fallback DCI, i.e. DCI format 1_1. Notably, the existence of this field should be configurable by RRC signaling. Since maintaining different type of HARQ-ACK codebooks will result in implementation complexity without benefits, UE does not expect that one-shot HARQ-ACK feedback will be triggered when enhanced dynamic codebook is configured. 
[bookmark: OLE_LINK62][bookmark: OLE_LINK1][bookmark: OLE_LINK51]Proposal 3: For triggering of one-shot HARQ-ACK feedback, a configurable field in DL non-fallback DCI should be introduced. When the bit triggers one-shot HARQ-ACK feedback, the UE assumes that the DCI does not schedule a PDSCH, and the UE determines the parameters for HARQ-ACK feedback on PUCCH from K1, PRI, TPC, and NFI. 
Considering the detail design for one-shot HARQ-ACK feedback, there is still some issues to be solved. UE may receive the one-shot trigger for more than one time, it means that for one HARQ process, UE may need to transmit the corresponding HARQ-ACK information for multiple times. From gNB’s perspective, it is difficult to differentiate whether the HARQ-ACK feedback information is initially transmitted or retransmitted. 
To solve this problem, the following alternatives were discussed in last meeting:
· 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

It can be found that Alt B will lead to a huge overhead for HARQ-ACK codebook. Even if Alt C could reduce the overhead, there is still some ambiguity between gNB and UE. If PDCCH is missed, UE may use the wrong NDI for the XOR operation and gNB will get a wrong HARQ-ACK information.
For Alt A, to avoid the HARQ-ACK information misalignment between UE and gNB, for any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported, the HARQ A/N value is set to the default value of NACK (Alt 2 in the agreement).
For the CBG transmission, one-shot HARQ-ACK feedback will result in large payload size. Compression schemes to reduce the payload size would require further study but due to the time limitation, CBG based one-shot group HARQ-ACK feedback may not supported in R16.
Proposal 4: For one-shot HARQ-ACK feedback in NR-U:
· NDI value is not reported along with HARQ-ACK for the corresponding PDSCH
· For any HARQ ID after the last determined PDSCH for which A/N decoding result is reported, the HARQ A/N value is set to the default value of NACK 
· One-shot HARQ-ACK feedback for CBG based transmission is not supported in R16.
Non-numerical value for K1
The motivation for non-numerical K1 is to indicate UE to save the HARQ-ACK information when there is no opportunity to transmit it in the same COT as the corresponding PDSCH(s). It means that the HARQ-ACK timing cannot be determined by current or previous information. In general, gNB should provide the actual timing when a new COT is obtained. Another potential use case is that the feedback delay between a PDSCH and corresponding PUCCH is larger than the maximum numerical K1 value configured in RRC, and gNB could use non-numerical value to indicate UE the HARQ-ACK timing should be derived by the next DCI with a numerical K1. It is illogical to determine the HARQ-ACK timing based on an earlier DCI.
HARQ-ACK feedback for DL SPS
For SPS, the general use case is for periodic service, e.g. VoIP, and the motivation is to save the signaling overhead. It means that the resource for both PDSCH and PUCCH to carry the corresponding HARQ-ACK information should be preconfigured. However, a non-numerical K1 is used to indicate an invalid resource for PUCCH, and additional signaling is needed, which is inconsistent with the principle for SPS. 
Observation 3: Non-numerical value of K1 is not supported for DL SPS.
For the SPS PDSCH which is activated by non-fallback DCI with a group index, UE reports the corresponding HARQ-ACK feedback as part of the PDSCH group with the same group index. For SPS PDSCH which is activated by fall-back DCI, UE reports the corresponding HARQ-ACK feedback as part of the PDSCH group #0.
For any group, if all the PDSCH(s) are SPS PDSCH, the UE does not expect that HARQ-ACK feedback for these PDSCHs will be requested more than once. 
[bookmark: OLE_LINK12]Proposal 5: For SPS PDSCH activated by non-fallback DCI, UE reports the corresponding HARQ-ACK feedback as part of the PDSCH group with the same group index, which is indicated by the DCI activating SPS PDSCH reception. 
Proposal 6: For SPS PDSCH activated by fallback DCI, UE reports the corresponding HARQ-ACK feedback as part of the PDSCH group #0.
[bookmark: OLE_LINK9]Observation 4: For any group, if all the PDSCH(s) are SPS PDSCH, the UE does not expect that HARQ-ACK feedback for these PDSCHs will be requested more than once.
Multiple opportunities for HARQ-ACK in frequency domain
[bookmark: OLE_LINK13]In some cases the HARQ feedback transmission may be delayed due to a busy channel or lost due to persistent collisions with the transmissions of hidden nodes on that channel despite the LBT success. A mechanism that exploits the frequency domain diversity in such cases potentially avoids the latency/loss of HARQ feedback. This is due to the fact that each LBT subband potentially observes a different channel occupancy and interference level.
For the carrier aggregation (CA) cases, since the UE is typically indicated with a PUCCH resource on the PCell (or the PSCell) for which the unlicensed CC may span only a single LBT subband similar to the secondary cells of the baseline LAA, NR-U cannot benefit from such frequency diversity unless the gNB is able to indicate to the UE multiple PUCCH resources across multiple aggregated carriers including SCells as shown in Figure 2. Based on the LBT results, the UE can select among the PUCCH resources for which the LBT results were successful to transmit the PUCCH carrying the HARQ-ACK feedback.
[image: ]
[bookmark: _Ref16693949]Figure 2. Multiple PUCCH resources for HARQ feedback indicated on multiple aggregated carriers 
For the case of wideband operation in NR-U, the UE can be configured to operate on one or more wideband carriers each spanning multiple 20 MHz unlicensed channels (LBT subbands). Since the LBT procedure is performed in units of 20MHz, it is intuitive for each PUCCH resource to be confined within the LBT bandwidth. Therefore, if the gNB configures the UE with PUCCH Resource Sets that are distributed across the bandwidth of the wideband carrier, a frequency-domain LBT-resilient mechanism can be devised such that the gNB allocates to the UE multiple PUCCH resources for transmission of the same HARQ-ACK feedback, each on a different subband of the wideband carrier.
As shown in the example in Figure 3, on the 80 MHz active BWP that might span the whole bandwidth of a wideband carrier or a part thereof, the gNB indicated to the UE in DCI multiple PUCCH resources each on a different 20 MHz subband. If subbands coincide with the unlicensed channels in the 5GHz band, each potentially observes a different coexistence activity and interference level. 
The UE can perform either independent subband LBTs or a hierarchical LBT (as in eLAA multi-channel access), and based on the LBT results, the UE can select among the PUCCH resources for which the LBT results were successful to transmit the PUCCH carrying the HARQ-ACK feedback. Whereas, the gNB blindly detects the PUCCH on the multiple allocated resources. The details for PUCCH resource indication from gNB side and PUCCH resource selection from UE side could be found in our contribution [4].
[image: ]
[bookmark: _Ref16693962]Figure 3.  Multiple PUCCH resources for HARQ feedback indicated on multiple LBT subbands of an active BWP.
The performance evaluation for multiple opportunities for HARQ-ACK in frequency domain is provided in Figure 4.We assume that two NR-U operators are located in separate 20MHz, for each HARQ feedback, 2 opportunities are provided among the 40MHz bandwidth, the other SLS simulation assumptions are found in [5]. Low, Medium and High traffic load are evaluated, it can be found that by introducing more opportunities for HARQ-ACK feedback in frequency domain, the mean throughput could be improved, also the latency could be reduced significantly.
Proposal 7: Multiple opportunities for HARQ-ACK feedback in frequency domain should be supported in NR-U:
· When UE is configured with carrier aggregation (CA), gNB could indicate to the UE multiple concurrent PUCCH resources across multiple activated carriers including SCells.
· When the UE is configured with a wideband BWP, the associated PUCCH Resource Sets should be distributed across multiple LBT subbands of the wideband BWP. 
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[bookmark: _Ref16692344]Figure 4. UPT and latency performance for multiple HARQ-ACK feedback opportunities in frequency domain
Multi-TTI scheduling
[bookmark: OLE_LINK53]Based on the agreement achieved in last meeting, the remaining issues for multi-TTI scheduling are discussed in this section. Considering the DCI design, more fields or more bits are needed compared with single-TTI scheduling, and the same DCI format shared between single-TTI scheduling and multi-TTI scheduling will lead to bit redundancy, since if both single-TTI and multi-TTI scheduling is configured, the DCI size should always be set as the maximum value to cover all of the necessary field/bits for multi-TTI scheduling. Therefore, a new DCI format for multi-TTI scheduling should be supported, e.g. DCI format 0_0A and DCI format 0_1A. Notably, DCI size alignment procedure is defined in R15, it could be found that adding new DCI format does not necessarily increase the blind detection and gNB could control the total number of different DCI sizes. 
Since non-contiguous PUSCH scheduling will lead to more LBT effort for UE, there is no benefit compared with single TTI scheduling, and it should not be considered in NR-U. 
Proposal 8: Non-contiguous PUSCH by multi-TTI scheduling is not supported in NR-U. 
For the detailed fields, the following alternatives for TDRA were discussed in last meeting:
· Alt. 1: Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signaled by the number of indicated valid SLIVs in the row of the TDRA table signaled 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.

Although Alt1 could provide the most flexibility for scheduling, when multi-TTI scheduling is configured, only consecutive slot will be allocated, that means the TDRA for the middle slots is meaningless. Therefore, Alt 2 for TDRA should be supported. 

For the MCS indication, a single MCS should be indicated:
· MCS row 0-27 is indicated if part of the PUSCHs are scheduled for initial transmission:
· 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 
· MCS row 28-31 is indicated when all of the PUSCHs are scheduled for retransmission
Another point is whether to support CBG based retransmission for multi-TTI scheduling or not. Obviously, CBG based retransmission for multiple TTI scheduling will lead to large overhead for DCI, e.g. assuming 8 bit DBGTI for single TTI, then for 4 TTIs scheduling, 32bits are required. On the other hand, considering the general use case for NR-U, the channel state will not change dramatically and if the retransmission is needed, it is more likely that the whole TB should be retransmitted, and then the CBGTI indication will be redundant. Even if the CBG based retransmission is needed for some TBs, gNB could still use single-TTI scheduling to indicate the retransmission for each TB. Therefore, there is no need to support CBG based retransmission for multi-TTI scheduling. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK18]Proposal 9: For TDRA in multi-TTI scheduling DCI, Alt 2 should be supported. 
Proposal 10: A single MCS is indicated in the scheduling DCI for uplink multi-TTI scheduling
· MCS row 0-27 is indicated if part of the PUSCHs are scheduled for initial transmission:
· 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 
· MCS row 28-31 is indicated when all of the PUSCHs are scheduled for retransmission.
Proposal 11: CBG based retransmission for multi-TTI scheduling is not supported.
Conclusions
We discuss HARQ enhancements in NR-U through enhanced HARQ-ACK feedback mechanisms supporting triggered HARQ-ACK feedback, multiple HARQ-ACK feedback opportunities in both time and frequency domains, HARQ-ACK codebook size determination and multi-TTI scheduling. The following observations and proposals were made:
[bookmark: OLE_LINK20]For group base dynamic HARQ-ACK codebook:
Observation 1: For group #0, if all the PDSCH(s) are scheduled by fallback DCI, the UE does not expect that HARQ-ACK feedback for these PDSCHs will be requested more than once. Otherwise, UE follows the indications (including NFI) for group #0 in non-fallback DCIs pointing to the same PUCCH.
Proposal 1: For enhanced dynamic HARQ-ACK codebook in PUCCH: 
UE generates the HARQ-ACK codebook by appending the HARQ-ACK codebook for the second group to the codebook for the first group if HARQ-ACK feedback for more than one group is requested.
Proposal 2: For enhanced dynamic HARQ-ACK codebook in PUSCH
· The request for multiple group HARQ-ACK feedback should be included in UL DCI;
· If UL DAI for only one group is configured,
· If feedback is requested for just one group, then this UL DAI field applies to the reported group.
· If feedback is requested for both groups, then this UL DAI field applies to group #0, and the UE derives the DAI for group #1 by the last DL DCI scheduling PDSCH reception for group #1.
· If UL DAI for more than one group are configured, these UL DAI fields apply separately to each group;
· The UE generates the HARQ-ACK codebook by appending the HARQ-ACK codebook for the second group to the HARQ-ACK codebook for the first group. 
For one-shot HARQ-ACK feedback:
Observation 2: Besides the one-shot HARQ-ACK feedback, no further enhancement for semi-static HARQ-ACK codebook is needed.
Proposal 3: For triggering of one-shot HARQ-ACK feedback, a configurable field in DL non-fallback DCI should be introduced. When the bit triggers one-shot HARQ-ACK feedback, the UE assumes that the DCI does not schedule a PDSCH, and the UE determines the parameters for HARQ-ACK feedback on PUCCH from K1, PRI, TPC, and NFI. 
Proposal 4: For one-shot HARQ-ACK feedback in NR-U:
· NDI value is not reported along with HARQ-ACK for the corresponding PDSCH
· For any HARQ ID after the last determined PDSCH for which A/N decoding result is reported, the HARQ A/N value is set to the default value of NACK 
· One-shot HARQ-ACK feedback for CBG based transmission is not supported in R16.
For DL SPS:
Observation 3: Non-numerical value of K1 is not supported for DL SPS.
Proposal 5: For SPS PDSCH activated by non-fallback DCI, UE reports the corresponding HARQ-ACK feedback as part of the PDSCH group with the same group index, which is indicated by the DCI activating SPS PDSCH reception. 
Proposal 6: For SPS PDSCH activated by fallback DCI, UE reports the corresponding HARQ-ACK feedback as part of the PDSCH group #0.
Observation 4: For any group, if all the PDSCH(s) are SPS PDSCH, the UE does not expect that HARQ-ACK feedback for these PDSCHs will be requested more than once.
For multiple HARQ feedback opportunities in the frequency domain:
Proposal 7: Multiple opportunities for HARQ-ACK feedback in frequency domain should be supported in NR-U:
· When UE is configured with carrier aggregation (CA), gNB could indicate to the UE multiple concurrent PUCCH resources across multiple activated carriers including SCells.
· When the UE is configured with a wideband BWP, the associated PUCCH Resource Sets should be distributed across multiple LBT subbands of the wideband BWP. 
For multi-TTI scheduling:
Proposal 8: Non-contiguous PUSCH by multi-TTI scheduling is not supported in NR-U. 
Proposal 9: For TDRA in multi-TTI scheduling DCI, Alt 2 should be supported. 
Proposal 10: A single MCS is indicated in the scheduling DCI for uplink multi-TTI scheduling
· MCS row 0-27 is indicated if part of the PUSCHs are scheduled for initial transmission:
· 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 
· MCS row 28-31 is indicated when all of the PUSCHs are scheduled for retransmission.
Proposal 11: CBG based retransmission for multi-TTI scheduling is not supported.
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Appendix
Agreements in RAN1#98bis
· 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.

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.

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

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

· 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

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 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

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

Scheduling multiple PUSCHs is not supported in UL fallback DCI

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
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