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1. Introduction
[bookmark: _GoBack]At the RAN1#98bis meeting, HARQ enhancement for NR-U was discussed and following agreement/conclusion were made [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 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

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



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/how to define a rule for UE to determine NFI if NFI is not explicitly signalled by fallback DCI
· 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 NFI indication in fallback DCI, since the fallback DCI supports limited number of functions with smaller DCI size, inclusion of NFI in fallback DCI is not preferable. Hence, to support group based HARQ-ACK retransmission with fallback DCI in addition to non-fallback DCI including the NFI for group#0, UE should assume that the NFI for group#0 is not toggled by the fallback DCI but can be toggled by non-fallback DCI including the NFI for group#0.
Proposal 1: For group based HARQ ACK retransmission for dynamic HARQ codebook, NFI is not included in DCI 1_0.
· When a PDSCH is scheduled by DCI 1_0, UE assumes that the NFI for group#0 is not toggled by the DCI.
For UL DAI, since UL DAI is used to indicate the latest T-DAI value included in the HARQ-ACK feedback for avoiding misalignment of T-DAI value between gNB and UE, it is straightforward to reflect the latest T-DAI value of the latest transmitted group included in the HARQ-ACK feedback when UL DAI is configured for only one group. If more robustness against the misalignment of T-DAI value is necessary, UL DAI should be configured for both groups.
Proposal 2: For group based HARQ ACK retransmission for dynamic HARQ codebook, when UL DAI is configured for only one group, the UL DAI reflects the latest T-DAI value of the latest transmitted group included in the HARQ-ACK feedback.


2.2	HARQ enhancements for semi-static codebook
For semi-static codebook, a request/trigger for one-shot HARQ-ACK feedback for all configured HARQ processes would be a simple solution as agreed at the last RAN1 meeting. 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. To solve this issue, either indication on feedback reception acknowledgement to UE similar to NFI or NDI reporting along with HARQ-ACK feedback from UE would be beneficial..
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Figure 1: Possible issue in case without feedback reception acknowledgement indication to UE or without NDI reporting along with HARQ-ACK feedback from UE
As shown in Section 1, there are alternatives on NDI reporting.
· 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
To avoid misalignment of NDI value between gNB and UE when UE failed to detect PDCCH for a HARQ process, latest NDI value for each HARQ process should be included in HARQ-ACK feedback. It is unclear whether Alt. C covers any HARQ-ACK feedback cases and hence, Alt. B should be supported.
However, NDI reporting along with HARQ-ACK feedback for all HARQ process may result in large feedback payload. Therefore, similar to NFI 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 as another option for solving the NDI misalignment issue.
Proposal 3: For semi-static HARQ codebook, one of following enhancements is supported.
· Latest NDI value is reported along with HARQ-ACK for the corresponding PDSCH.
· 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
· 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 by the agreed extended TDRA table in the last RAN1 meeting and can be up to 16.
Proposal 4: For multi-TTI UL grant, maximum number of scheduled PUSCHs by the DCI is configurable by the extended TDRA table 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 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).
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Figure 2: Examples of multi-TTI grant scheduling multiple PUSCHs

As shown in Section 1, there are two alternatives on multi-TTI PUSCH scheduling.
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

Alt. 1 has more flexibility for supporting arbitrary UL burst structure, while it is redundant when scheduling multiple PUSCHs which have the same time-domain structure (e.g., even when 14-symbol PUSCHs are allocated contiguously, SLIV is necessary for each PUSCH). On the other hand, Alt. 2 is too restrictive since only one PUSCH can be allocated to the starting slot by a SLIV and hence multiple LBT opportunities within the staring slot is not possible. Based on the above discussion, we propose to modify Alt. 1 as follows.
Proposal 5: In the extended TDRA table for multi-TTI UL grant, each PUSCH, which is to be followed by a number of contiguous PUSCHs with the same length, has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid PUSCHs in the row of the TDRA table signalled in DCI.
· The number of following contiguous PUSCHs with the same length is included in the new TDRA table
· If non-contiguous PUSCH or PUSCH with different length is scheduled, another SLIV is given for the PUSCH
Some examples of the above proposal are shown in Figure 3.
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Figure 3: Example of extended TDRA table


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. Considering the limited time for Rel-16 NR-U WI, at least one of the above mechanisms should be supported. Among them, UCI on PUSCH seems feasible in terms of additional RRC configuration.
Proposal 6: For multiple HARQ-ACK opportunities in frequency domain, at least following mechanism should be supported.
· 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 carrier is always sent on licenced 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, NFI is not included in DCI 1_0.
· When a PDSCH is scheduled by DCI 1_0, UE assumes that the NFI for group#0 is not toggled by the DCI.
Proposal 2: For group based HARQ ACK retransmission for dynamic HARQ codebook, when UL DAI is configured for only one group, the UL DAI reflects the latest T-DAI value of the latest transmitted group included in the HARQ-ACK feedback.
Proposal 3: For semi-static HARQ codebook, one of following enhancements is supported.
· Latest NDI value is reported along with HARQ-ACK for the corresponding PDSCH.
· 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: In the extended TDRA table for multi-TTI UL grant, each PUSCH, which is to be followed by a number of contiguous PUSCHs with the same length, has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid PUSCHs in the row of the TDRA table signalled in DCI.
· The number of following contiguous PUSCHs with the same length is included in the new TDRA table
· If non-contiguous PUSCH or PUSCH with different length is scheduled, another SLIV is given for the PUSCH
Proposal 6: For multiple HARQ-ACK opportunities in frequency domain, at least following mechanism should be supported.
· 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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