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1. Introduction
At the RAN1#97 meeting, HARQ enhancement for NR-U was discussed and following agreements were made [1]. 
	Agreement:
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.

Agreement:
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 signaling



At the RAN#84 meeting, prioritization of NR-U remaining work was discussed and following list of essential/optimization items for “HARQ enhancements” agenda was endorsed [2].
	7.2.2.2.3 HARQ enhancements
Essential
· Details for group based HARQ ACK retransmission for dynamic codebook
· Details for DCI support for multi-TTI grant
· One-shot HARQ ACK retransmission
· Details to handle non-numerical value for K1
Optimizations
· Group based HARQ ACK retransmission for semi-static codebook
· Larger K1 values
· Multiple freq domain opportunities for HARQ ACK in UL CA case and/or wideband CC case
· Larger K2 values
· 2-stage UL grant



In this contribution, we discuss further on the potential HARQ enhancements for NR-U operation. 
2. Discussion on potential HARQ enhancements
2.1	Details for group based HARQ ACK retransmission for dynamic codebook
As introduced in Section 1, RAN1 agreed some details for group based HARQ ACK retransmission for dynamic codebook. Remaining details are listed below.
· Whether T-DAI is included only for the scheduled group or T-DAI is included for each group
· Whether to support up to 4 PDSCH groups or up to 2 PDSCH groups as in previous agreements
· Maximum number of groups for which feedback is requested in the same PUCCH
For T-DAI indication, only T-DAI for the scheduled group would be necessary in scheduling DCI. However, if dedicated DCI only for triggering HARQ feedback is used, including T-DAI for each group for which HARQ feedback is triggered in the DCI would be beneficial. For example, if UE failed to detect last DCI(s) for a PDSCH group, there will be codebook size mismatch between gNB and UE. But if there is T-DAI indication for the PDSCH group in DCI not for scheduling but for triggering feedback for the PDSCH group, such mismatch issue can be solved. Therefore, we prefer to include T-DAI of a PDSCH group in DCI which does not schedule PDSCH for the PDSCH group but triggers HARQ feedback for the PDSCH group.
Proposal 1: For group based HARQ ACK retransmission for dynamic HARQ codebook, even when the DCI does not schedule PDSCH for the PDSCH group, T-DAI of the PDSCH group is included in the DCI if the DCI triggers HARQ feedback for the PDSCH group.

Regarding the maximum number of PDSCH groups, since PDSCH grouping can be enlarged after first feedback triggering according to the agreements, required number of PDSCH groups can be small, i.e., one or two PDSCH groups would be enough. Hence, we propose that maximum number of PDSCH groups is two. Then, corresponding bit size e.g., for PDSCH group index indication, for feedback triggering, for new ACK-feedback group indicator, etc. can be determined. Of course, maximum number of groups for which feedback is requested in the same PUCCH is two.
Proposal 2: For group based HARQ ACK retransmission for dynamic HARQ codebook, maximum number of PDSCH groups is two, and maximum number of groups for which feedback is requested in the same PUCCH is two.


2.2	HARQ enhancements for semi-static codebook
For semi-static codebook, a request/trigger for one-shot group HARQ ACK feedback for all configured HARQ processes would be a simple solution. We think that such request/trigger can be carried in dedicated DCI for this purpose and also in scheduling DCI. If UE has no idea on whether previous feedback was successfully received by serving gNB or not, UE cannot distinguish between new request and additional request as shown in Figure 1. Therefore, same as enhancements for dynamic HARQ codebook discussed in previous section, we propose to support the indication on feedback reception acknowledgement in DCI requesting/triggering HARQ ACK feedback.
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Figure 1: Possible issue in case without feedback reception acknowledgement indication to UE
Proposal 3: For semi-static HARQ codebook, following enhancements are supported.
· One-shot group HARQ ACK feedback can be triggered by using dedicated DCI and scheduling DCI
· Feedback reception acknowledgement in DCI requesting/triggering HARQ ACK feedback indicates whether previous HARQ ACK feedback was successfully received by gNB or not


2.3	Details for DCI support for multi-TTI grant
As introduced in Section 1, RAN1 agreed some details regarding DCI for multi-TTI grant. Remaining details are listed below.
· Details on per PUSCH RV indication (e.g., compression scheme)
· Whether/how to support CBG-based re-transmission for multi-TTI scheduling
· Details on time domain resource assignment mechanism
· whether multiple mapping Type B PUSCHs is allowed within the first slot
· whether multiple starting positions is allowed for UE-initiated COT 
· 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
· Whether existing DCI formats can be extended or new formats are necessary and associated details for supporting scheduling multiple PUSCHs
· Potential impact on MCS signalling for re-transmission

For the RV indication in DCI for multi-TTI grant, one possible compression mechanism is to limit candidate RVs to {0, 2} as in LTE-LAA. However, the necessity on the compression mechanism would depend on total DCI size according to maximum number of PUSCHs scheduled by a multi-TTI grant and other fields such as CBGTI. So, we should first discuss on maximum number of PUSCHs scheduled by a multi-TTI grant.
In LTE-LAA, DCI format 0B/4B can schedule up to 4 PUSCH subframes. This means multi-TTI grant in LTE-LAA can provide up to 4 transmission opportunities (4 or more LBT opportunities in case of partial PUSCH mode 1) for PUSCH within 4 ms duration. In addition, based on partial PUSCH mode 1 introduced in Rel-15 LTE, PUSCH starting position for each subframe can be either around symbol #0 or symbol #7 according to LBT result. It means that multi-TTI grant can provide up to 8 candidate starting positions for one or multiple PUSCHs within 4 ms. In NR-U, PUSCH TTI duration can be shorter than that in LTE-LAA based on higher SCS and/or mapping Type B. If maximum number of PUSCHs is same as that in LTE-LAA (i.e., 4), NR-U multi-TTI grant with higher SCS and/or mapping Type B can provide up to 4 transmission opportunities for PUSCH within duration shorter than 4 ms (e.g., 2 ms or even shorter). In such case, it may be possible that all transmission/LBT opportunities provided by a multi-TTI grant are blocked by coexisting system, since the channel occupancy time duration of coexistence system may be several ms such as 4 or 8 ms. Therefore, it would be beneficial to support larger number of PUSCHs to be scheduled by a multi-TTI grant in NR-U so that it can provide multiple transmission/LBT opportunities within a sufficient time duration. Considering the number of HARQ processes, maximum number of scheduled PUSCHs by the DCI is configurable and can be up to 16. As in LTE-LAA, the bit size for ‘number of scheduled PUSCHs’ field in DCI can be changed based on configured maximum number of scheduled PUSCHs.
Proposal 4: For multi-TTI UL grant, maximum number of scheduled PUSCHs by the DCI is configurable by higher layer and is up to [16].

In order to support such a potential large number of scheduled PUSCHs by single DCI, the compression mechanism such as for RV indication would be important. In addition, another point that is important as well as DCI size reduction is how to achieve both large number of candidate starting positions for one or multiple PUSCHs and high transmission efficiency for eMBB such as slot-based PUSCH transmission (rather than many mini-slot-based PUSCH transmissions). For example, if multi-TTI grant schedules multiple slot-based PUSCHs without allowing multiple starting positions for a PUSCH, LBT/transmission granularity is based on slot duration and may not be sufficient as shown in Figure 2 (a). If multi-TTI grant schedules multiple mini-slot-based PUSCHs, although LBT/transmission granularity can be high enough, transmission efficiency is low in terms of eMBB as shown in Figure 2 (b). At the last meeting, it was discussed that whether multiple mapping Type B PUSCHs is allowed within the first slot. However, such mechanism can provide high LBT/transmission granularity only within a first slot. 
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Figure 2: Examples of multi-TTI grant scheduling multiple PUSCHs
On the other hand, allowing multiple starting positions within a PUSCH has also been discussed in RAN1 meetings. In case of single TTI scheduling, there would be a large difference between single starting position and multiple starting positions in terms of UE complexity and processing. However, in case of multi-TTI scheduling, since UE anyway needs to prepare multiple PUSCHs according to the grant and some of PUSCHs may not be transmitted depending on LBT result, additional UE complexity and processing for allowing multiple starting positions for each PUSCH would not be so significant compared with single TTI scheduling case. Therefore, in order to achieve both large number of candidate starting positions for one or multiple PUSCHs and high transmission efficiency for eMBB, we propose to support multiple starting positions for each PUSCH in case of multi-TTI grant as shown in Figure 3. UE capability for the support of multiple starting positions for a PUSCH can be defined, and possible starting positions for a PUSCH can be configured/indicated e.g., similar to partial PUSCH mode 0/1/2/3 in Rel-15 LTE-LAA.
Proposal 5: For multi-TTI UL grant, multiple starting positions for each PUSCH can be configured/indicated according to UE capability.
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Figure 3: Examples of multi-TTI grant scheduling with multiple candidate starting positions for each PUSCH

In summary, for multi-TTI grant, we propose to support following new or extended fields in DCI.
· Number of scheduled PUSCHs (up to [16]) with bit size based on configured maximum number 
· Configuration regarding candidate starting position(s) for each PUSCH
· E.g., extended TDRAs such as TDRA1/TDRA2/TDRA3 are used to indicate configuration of candidate starting position(s) for scheduled PUSCHs except for first/last PUSCHs, that for first scheduled PUSCH and that for last scheduled PUSCH, respectively.
· Higher layer parameter ‘PUSCH-TimeDomainResourceAllocation’ can also be enhanced to indicate multiple sets of {mapping type, startSymbolAndLength}.
· CBGTI per retransmitted PUSCH (with limitation on maximum number of retransmitted PUSCHs < [16])
· Compressed RV per retransmitted PUSCH


2.4	HARQ enhancements for multiple HARQ ACK opportunities in frequency domain
When wideband NR system coexists with narrowband system, LBT performed by NR gNB and UE may be successful only in some LBT bandwidth(s) within NR system bandwidth. In such scenario, UE trying to transmit HARQ ACK on multiple pre-configured or pre-indicated resources in different LBT bandwidths would be able to achieve higher probability on successful HARQ ACK transmission. For the case of HARQ-ACK on PUCCH, multiple PUCCH resources (in case of single wideband operation) and/or multiple PUCCH cells (in case of CA operation) need to be configured. For the case of HARQ-ACK on PUSCH, UCI including HARQ-ACK need to be piggybacked on every PUSCH in different CC in case of CA operation. 
Proposal 6: For multiple HARQ-ACK opportunities in frequency domain, following mechanisms are further considered.
· For the case of HARQ-ACK on PUCCH, multiple PUCCH resources (in case of single wideband operation) and/or multiple PUCCH cells (in case of CA operation) is/are configured
· For the case of HARQ-ACK on PUSCH, UCI including HARQ-ACK is piggybacked on every PUSCH in different CC in case of CA operation


2.5	UCI transmission in case of CA between licensed and unlicensed carriers
In scenario A with the case where both licensed NR carrier and unlicensed NR carrier have UL, RAN1 should consider whether UCI (especially regarding licensed NR carrier) can be sent on unlicensed NR carrier. In LTE-LAA, UCI regarding licensed NR carrier is always sent on licenced NR carrier and simultaneous PUCCH/PUSCH transmission capability is required for UL LAA operation. We think that LTE-LAA principle should be applied to NR-U in case of CA between licensed and unlicensed NR carriers.
Proposal 7: In case of CA between licensed NR PCell and unlicensed NR SCell, UCI regarding licensed NR carrier(s) is always sent on licensed NR carrier.
· For PUSCH transmission on unlicensed NR SCell in the scenario, simultaneous transmission with PUCCH on licensed NR PCell is necessary.


3. Conclusion
In this contribution, we discussed on the potential HARQ enhancements for NR-U operation. Based on the discussion, we made following proposals.
Proposal 1: For group based HARQ ACK retransmission for dynamic HARQ codebook, even when the DCI does not schedule PDSCH for the PDSCH group, T-DAI of the PDSCH group is included in the DCI if the DCI triggers HARQ feedback for the PDSCH group.
Proposal 2: For group based HARQ ACK retransmission for dynamic HARQ codebook, maximum number of PDSCH groups is two, and maximum number of groups for which feedback is requested in the same PUCCH is two.
Proposal 3: For semi-static HARQ codebook, following enhancements are supported.
· One-shot group HARQ ACK feedback can be triggered by using dedicated DCI and scheduling DCI
· Feedback reception acknowledgement in DCI requesting/triggering HARQ ACK feedback indicates whether previous HARQ ACK feedback was successfully received by gNB or not
Proposal 4: For multi-TTI UL grant, maximum number of scheduled PUSCHs by the DCI is configurable by higher layer and is up to [16].
Proposal 5: For multi-TTI UL grant, multiple starting positions for each PUSCH can be configured/indicated according to UE capability.
Proposal 6: For multiple HARQ-ACK opportunities in frequency domain, following mechanisms are further considered.
· For the case of HARQ-ACK on PUCCH, multiple PUCCH resources (in case of single wideband operation) and/or multiple PUCCH cells (in case of CA operation) is/are configured
· For the case of HARQ-ACK on PUSCH, UCI including HARQ-ACK is piggybacked on every PUSCH in different CC in case of CA operation
Proposal 7: In case of CA between licensed NR PCell and unlicensed NR SCell, UCI regarding licensed NR carrier(s) is always sent on licensed NR carrier.
· For PUSCH transmission on unlicensed NR SCell in the scenario, simultaneous transmission with PUCCH on licensed NR PCell is necessary.
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