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1 Introduction
At the RAN1 #98bis meeting, enhancement on HARQ and scheduling operation for NR-U was further progressed with following agreements [1]: 
	Agreement:
· For enhanced dynamic HARQ codebook with single or multiple configured DL cells, 
· NFI is indicated in non-fallback DCI scheduling PDSCH for the scheduled group
· T-DAI is indicated in non-fallback DCI scheduling PDSCH for the scheduled group if more than one DL cell is configured
· Indication of NFI and T-DAI in non-fallback DCI for the non-scheduled group with single or multiple configured DL cells can be configured by RRC.

Agreement:
If the DCI is received that toggles the NFI for a PDSCH group, then the UE 
· Discards the HARQ-ACK feedback for the PDSCH(s) in that PDSCH group including the PDSCH(s) that were associated with a non-numerical K1 value.
· Note: HARQ-ACK feedback for PDSCH(s) scheduled in this DCI are not discarded.
· The UE expects the DAI values for the PDSCH group to be reset.

Agreement:
If enhanced dynamic codebook is configured, for a PDSCH scheduled by DL DCI 1_0:
· UE reports HARQ-ACK feedback for the corresponding PDSCH as part of the PDSCH group #0
· FFS: whether/how to define a rule for UE to determine NFI if NFI is not explicitly signalled
· The fallback DCI does not support signalling a non-numerical value of K1
· FFS: Whether NFI is introduced in DCI 1_0 for the purpose of enhanced dynamic HARQ codebook operation


Agreement:
Support requesting feedback of a HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback) for all CCs configured for a UE in the PUCCH group.
· One-shot feedback should be configurable separately from the configuration of semi-static(including any potential enhancements)/non-enhanced dynamic HARQ codebook
· FFS: Simultaneous configuration of enhanced dynamic codebook and one-shot feedback


Agreement:
· The last PDSCH for which A/N decoding result is reported in the HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback) is determined as the last PDSCH within the UE N1 processing time capability
· UE also reports HARQ-ACK feedback for earlier PDSCHs scheduled with non-numerical K1
· For NDI, choose one of the following alternatives:
· Alt. A: NDI value is not reported along with HARQ-ACK for the corresponding PDSCH
· Alt. B: Latest NDI value is reported along with HARQ-ACK for the corresponding PDSCH
· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· Alt. C: UE reports XOR of latest NDI value and HARQ-ACK for the corresponding PDSCH
· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· For any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported, choose one of the following alternatives (applicability dependent on decision on alternatives for the latest NDI value):
· Alt1: the HARQ A/N result of the previous PDSCH with that HARQ ID is reported, even if it had already been reported
· Alt2: The HARQ A/N value is set to the default value of NACK
· FFS: applicability with CBG-based HARQ

Agreement:
If a UE is configured to monitor feedback request of a HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback):
· The feedback can only be requested in a UE-specific DCI
· The feedback can be requested for reporting in PUCCH (As per Rel-15 behaviour, the feedback can be piggybacked on PUSCH)


Agreement:
If enhanced dynamic codebook is configured, the presence of UL DAI for an additional PDSCH group in the non-fallback DCI can be configured by RRC signalling. 
· FFS: If there is UL DAI configured to be present in the non-fallback DCI for only one group, to which group this UL DAI applies

Agreement:
For signalling the number of scheduled PUSCHs and TDRA in one DCI scheduling multiple PUSCHs, the TDRA table is extended such that each row indicates multiple PUSCHs (continuous in time-domain)
· Alt. 1: Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· FFS: Separate k2
· Alt. 2: 
· A separate SLIV for 
· the starting slot, 
· the ending slot
· The slots in between have a SLIV of S=0, L=14
· A separate mapping type for 
· the starting slot, 
· the ending slot,
· the slots in between (a single mapping type for all of them)
· The total number of PUSCHs for the row.
· FFS: Extension to non-contiguous PUSCHs

Agreement:
Scheduling multiple PUSCHs is not supported in UL fallback DCI

Agreement:
Consider the following alternatives for signalling the MCS index for PUSCHs scheduled by a single DCI. 
· Alt. 1: A single MCS index is signalled for all the PUSCHs scheduled by a single DCI
· UE applies the same behaviour for the PUSCHs scheduled for initial transmission or re-transmission (Rel-15 behaviour):
· If MCS row 0-27 is indicated: the UE determines the TB size based on the explicitly indicated MCS
· If MCS row 28-31 is indicated: the UE refers to the DCI scheduling the initial PUSCH to determine the TB size
· Alt. 2: A single normal MCS (row 0-27) is indicated in the scheduling DCI for uplink multi-TTI scheduling
· For a PUSCH scheduled for initial transmission: the UE determines the TB size based on the explicitly indicated MCS
· For a PUSCH scheduled for re-transmission: the UE refers to the DCI scheduling the initial PUSCH to determine the TB size 
· FFS: The UE does not expect to receive signalling of an implicit MCS row 28-31 in a DCI scheduling multiple PUSCHs
· Alt. 3: Use a bitmap to determine for which of the PUSCHs the TBS determination should not be based on MCS in the multi-TTI DCI, and should instead be based on the previous DCI scheduling the same TB for the same HARQ process ID.
· The bitmap is included in the UL DCI only if the RRC-configured TDRA table includes at least one row that allows indicating more than one PUSCH




In this contribution, we provide our views on the remaining open issues of potential enhancements for NR-U operation, focusing on HARQ and scheduling areas. 

2. Discussion
Time domain resource allocation 
One of remaining issues for multi-TTI scheduling is to design the detailed signaling in a single scheduling DCI. Two alternatives were identified in RAN1 #98bis meeting, either extending the TDRA table indicated by DCI format with each index associating with multiple SLIVs (Alt.1) or indicating separate SLIVs for starting/ending slot and number of slot-length PUSCHs in-between. 
In our views, Alt.1 simply extends the design philosophy of Rel-15 DCI format 2-0 to enable multi-slot scheduling functionality with allowing both contiguous and non-contiguous (i.e. with gap in between) time domain resource allocation without increasing signaling overhead. It clearly provides additional scheduling flexibility to network e.g. allowing DL signaling transmission in the middle of multi-TTI UL transmissions and multiple starting positions within a slot. Furthermore, allowing different TDRA lengths in Alt.1 can be beneficial in terms of link adaptation to match the TB size of (re)transmitted PUSCHs, considering the fact that a common MCS is likely to be applied for PUSCHs scheduled by a single DCI format. In details, the TDRA field in multi-TTI scheduling DCI can be viewed as a pointer into an RRC-configured table where each row in the table is constructed from a set of Rel-15 TDRA values. Based on the considerations, it is obviously preferable for the NR-U system to operate with Alt.2 to implement multi-TTI scheduling function. Therefore, we make the following proposal:
Proposal 1:  
· Consider support time domain resource allocation for multi-TTI scheduling with each TDRA IE in scheduling DCI to indicate a set of concatenated Rel-15 TDRA values (Alt.1). 

TBS determination and MCS signaling for multi-TTI scheduling
Another FFS aspect for multi-PUSCH scheduling is MCS value signaling and TBS determination approach. In Rel-15, for initial transmission, UE determines a corresponding TBS based on the explicitly signaled 5-bit MCS value, number of allocated RBs and MIMO layers. In case of retransmission, the last 4 indices may be used to only indicate modulation order and the TBS is determined based on the DCI that schedules the initial transmission. In our views, Rel-15 TBS determination approach can be reused for multi-TTI PUSCH scheduling with combination of initial and retransmission PUSCHs without any modification i.e. Alt.2. 
Proposal 2: Adopt Alt.2 for TBS determination as follows: 
· 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 
RV values
With respect to the RV value, our preference is to explicitly indicate 1-bit RV field per PUSCH to provide certain degree of the scheduling flexibility at acceptable DL control overhead for HARQ operation. Generally, RV #0 is self-decodable and beneficial to use in case the initial PUSCH transmission was not received by network. If the initial transmission was actually received by network, RV #3 can achieve much better performance than that of RV#0 due to incremental combination. 1-bit RV field allows network to select a proper RV i.e. RV #0 or RV #3 based on the PUSCH detection result. Therefore, we propose: 
Proposal 3: 
· Support 1-bit RV field per PUSCH transmission for multi-TTI scheduling. 


CBG-based HARQ operation
NR support CBG-based retransmission that is especially beneficial for a large TB when it is partially interfered by another busty preempting transmission and only a few of CBs in the TB are corrupted. If per-CBG retransmission is configured, HARQ-ACK feedback is provided per CBG and only the erroneously received CBGs are then retransmitted. It can consume less resource for PUSCH retransmission and improve the resource efficiency. This benefit is hold for NR-U operation as well and motivates to support CBG-based HARQ operation for NR-U. 
At the same time, support CBG-based HARQ operation for multi-TTI transmission may result in large DL control signaling overhead. One simple solution to address this concern is to limit the maximum number of CBG-based retransmission that can be scheduled within a single multi-TTI PUSCH transmission to achieve a good cost-performance tradeoff. The maximum number of CBG-based retransmission N can be controlled by network and configured on a per UE basis with support disabling this feature (N=0), e.g. based on the channel contention status. In addition, for a single multi-TTI PUSCH, the HARQ processes selected for CBG-based retransmission can be explicitly indicated as part of scheduling DCI format. Considering an example of multi-TTI transmission with 4 PUSCHs and assuming 2 CBG-based transmission, this results in  possibilities. Assuming number of CBGs per TB is 4, it causes 4+2x4 =12 bits signal overhead. 
Proposal 4: 
· Support CBG-based HARQ retransmission for NR
· The maximum number of HARQ processes with CBG-based retransmission is configured by RRC signaling. 
· HARQ-ACK processes associated with CBG-based transmission in a multi-TTI transmission is explicitly indicated by separate field in scheduling DCI format. 

3. Conclusion 
In this contribution, we discussed different aspects of HARQ-ACK feedback enhancements and multi-TTI scheduling. Based on the discussions in the previous sections, we make the following proposals: 
Proposal 1:  
· Consider support time domain resource allocation for multi-TTI scheduling with each TDRA IE in scheduling DCI to indicate a set of concatenated Rel-15 TDRA values (Alt.1). 

Proposal 2: Adopt Alt.2 for TBS determination as follows: 
· 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 


Proposal 3: 
· Support 1-bit RV field per PUSCH transmission for multi-TTI scheduling. 

Proposal 4: 
· Support CBG-based HARQ retransmission for NR
· The maximum number of HARQ processes with CBG-based retransmission is configured by RRC signaling. 
· HARQ-ACK processes associated with CBG-based transmission in a multi-TTI transmission is explicitly indicated by separate field in scheduling DCI format. 
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