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1. Introduction
At the RAN1#96bis meeting, HARQ enhancement for NR-U was discussed and following agreements were made [1]. 
	Agreement:
A non-numerical value is added to the possible range of PDSCH-to-HARQ-timing-indicator values defined in Rel-15, and is used to indicate to the UE that the HARQ-ACK feedback for the corresponding PDSCH is postponed until the timing and resource for the HARQ-ACK feedback is provided by the gNB.

Agreement:
Restrict further discussion on HARQ codebook to the following:
· For dynamic HARQ codebook:
· PDSCH grouping by explicitly signalling a group index in DCI scheduling the PDSCH
· gNB can request HARQ-ACK feedback in the same PUCCH for all PDSCHs in the same group
· Option 1: 
· One PUCCH can carry HARQ-ACK feedback for one or more PDSCH groups
· DCI can request HARQ-ACK feedback for one or more PDSCH groups 
· FFS one of the two options below
· C-DAI/T-DAI can be accumulated across multiple PDSCH groups for which feedback is requested in the same PUCCH
· C-DAI/T-DAI is accumulated only within one PDSCH group
· FFS: New ACK-Feedback Group Indicator for each PDSCH Group
· The number of HARQ-ACK bits for one PDSCH group is constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission, i.e. the PDSCH group cannot be enlarged after the first feedback transmission
· Option 2: 
· One PUCCH can carry HARQ-ACK feedback for a single PDSCH group
· FFS: Feedback for more than one PDSCH group
· DCI can request HARQ-ACK feedback for a single PDSCH group
· FFS: Requests for more than one PDSCH group
· C-DAI/T-DAI is accumulated within one PDSCH group
· A reset indicator signals new HARQ-ACK feedback for a PDSCH group
· The number of HARQ-ACK bits for one PDSCH group may not be constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission
· Semi-static codebook. Options FFS.
· If request/trigger for one-shot group HARQ ACK feedback for all configured HARQ processes is introduced (at least for non-CBG HARQ), select one or more of the following candidate schemes:
· The request is carried in a UE-specific DCI carrying a PUSCH grant
· The request is carried in a UE-specific DCI carrying a PDSCH assignment
· The request is carried in a UE-specific DCI not scheduling PDSCH nor PUSCH
· The request is carried in a UE-common DCI
· The request can be used for UE configured with dynamic or semi-static HARQ codebook
· Note: The discussion on preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands is a separate discussion


In this contribution, we discuss further on the potential HARQ enhancements for NR-U operation. 
2. Discussion on potential HARQ enhancements
2.1	HARQ enhancements for dynamic codebook
As introduced in Section 1, RAN1 agreed to introduce PDSCH grouping by explicitly signalling a group index in DCI scheduling the PDSCH, and agreed to restrict further discussion on dynamic HARQ codebook enhancements to following two options.
	· Option 1: 
· One PUCCH can carry HARQ-ACK feedback for one or more PDSCH groups
· DCI can request HARQ-ACK feedback for one or more PDSCH groups 
· FFS one of the two options below
· C-DAI/T-DAI can be accumulated across multiple PDSCH groups for which feedback is requested in the same PUCCH
· C-DAI/T-DAI is accumulated only within one PDSCH group
· FFS: New ACK-Feedback Group Indicator for each PDSCH Group
· The number of HARQ-ACK bits for one PDSCH group is constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission, i.e. the PDSCH group cannot be enlarged after the first feedback transmission
· Option 2: 
· One PUCCH can carry HARQ-ACK feedback for a single PDSCH group
· FFS: Feedback for more than one PDSCH group
· DCI can request HARQ-ACK feedback for a single PDSCH group
· FFS: Requests for more than one PDSCH group
· C-DAI/T-DAI is accumulated within one PDSCH group
· A reset indicator signals new HARQ-ACK feedback for a PDSCH group
· The number of HARQ-ACK bits for one PDSCH group may not be constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission



In terms of PDSCH grouping, Option 2 seems more flexible than Option 1 since the PDSCH group can be enlarged after first feedback triggering in Option 2. In Option 2, required number of PDSCH groups can be small, e.g., one or two PDSCH groups may be enough. First, HARQ processes are scheduled with PDSCH group index #0. Other HARQ processes that cannot be associated with first feedback for PDSCH group #0 are scheduled with PDSCH group index #1. If the first feedback for PDSCH group #0 is failed, the PDSCH group #0 can be enlarged to include HARQ processes that cannot be associated with first feedback for PDSCH group #1. Even if the first feedback for PDSCH group #0 is completed, HARQ processes that cannot be associated with first feedback for PDSCH group #1 are scheduled with PDSCH group index #0. A reset indicator is used in DCI triggering first feedback for a PDSCH group, i.e., UE can know whether previous feedback for the PDSCH group is successfully received by gNB or not.
On the other hand, for Option 1, required number of PDSCH groups would be larger than that for Option 2. Since PDSCH grouping cannot be enlarged after first feedback triggering, required number of PDSCH groups would be based on maximum number of consecutive feedback fails, e.g., if maximum 3 consecutive feedback fails are assumed, 4 PDSCH groups may be necessary. But such difference between Option 1 and Option 2 may not be significant. 
In NR-U scenario, misdetection of DCI and/or failed feedback may happen due to collision or interference from hidden node. So, for both option, some mechanism to avoid possible confusion/misunderstanding between gNB and UE would be necessary. We consider following enhancements for each option.
· For Option 1
· If scheduling DCI(s) just before corresponding feedback i.e., last DCI(s) are not successfully received by UE, there will be codebook size mismatch between gNB and UE. However, in case of using separate DCI for feedback triggering, it is possible to tell UE about gNB’s expected number of HARQ-ACK bits in the feedback. It would be beneficial to indicate the last C-DAI value in DCI triggering feedback so that UE can notice the misdetection of last DCI(s) if C-DAI value in the DCI triggering feedback is different from what UE has.
· There are two options for C-DAI/T-DAI accumulation in Option 1. In Option 1, if the first feedback for PDSCH group #0 is failed, it is preferable that next feedback is for both PDSCH group #0 and #1. But if C-DAI/T-DAI is accumulated across multiple PDSCH groups for which feedback is requested in the same PUCCH, gNB may need to change C-DAI/T-DAI values in DCI scheduling PDSCH for group #1 according to whether gNB successfully receives feedback for PDSCH group #0 or not. Otherwise, triggering feedback for both PDSCH group #0 and #1 may not be possible. Considering this, we think C-DAI/T-DAI accumulation only within one PDSCH group would be simple and preferable.
· If all scheduling DCIs for a certain PDSCH group between two feedbacks (e.g., PUCCH#1 and PUCCH#2) are missed at UE, UE may not know whether the second feedback request for PUCCH#2 is a first feedback request for the new data of the PDSCH group or additional feedback request on top of first feedback in PUCCH#1 if UE has no idea on whether PUCCH#1 is successfully received by gNB or not. Therefore, it is beneficial that DCI triggering HARQ-ACK feedback indicates whether the feedback request is a new request (i.e., previous feedback for the PDSCH group index is successfully received by gNB) or additional request (i.e., previous feedback for the PDSCH group index is not successfully received by gNB).
· For Option 2
· Even in Option 2, it may be beneficial to support sending feedback for more than 1 PDSCH group in one PUCCH and requesting feedback for more than 1 PDSCH group in DCI. In the example above with PDSCH group #0 and #1, if first feedback for PDSCH group #0 is failed, it may be beneficial to request feedback for both PDSCH group #0 and #1 in the DCI triggering the second feedback.
· Same as Option 1, it would be beneficial to inform UE about the last C-DAI value in DCI triggering feedback. When gNB requests feedback for more than 1 PDSCH groups, separate C-DAI values should be indicated for each PDSCH group in the DCI triggering feedback.
In summary, we propose following enhancements for dynamic HARQ codebook Option 1 and Option 2. 
Proposal 1: For dynamic HARQ codebook, following enhancements are supported.
· One PUCCH can carry HARQ-ACK feedback for one or more PDSCH groups
· DCI can request HARQ-ACK feedback for one or more PDSCH groups
· C-DAI/T-DAI is accumulated within one PDSCH group
· A reset indicator in DCI triggering HARQ-ACK feedback indicates whether the requested HARQ-ACK feedback for the PDSCH group is new request or additional request
· Last C-DAI value for each PDSCH group is indicated in DCI triggering HARQ-ACK feedback for the PDSCH group(s)


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 2: For dynamic 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	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 3: 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


2.4	HARQ A/N transmission for corresponding data in the same shared COT
In NR, HARQ A/N timing is indicated in the scheduling DCI as PDSCH-to-HARQ feedback timing indicator, where the indication is about the number of slots. In NR-U operation, when gNB transmits scheduling DCI, gNB should be aware of whether the HARQ A/N transmission corresponding to the scheduling data will be performed within the same shared COT or not according to remaining COT duration after the scheduling DCI transmission. For the HARQ A/N transmission within the gNB-initiated COT, there are two possible channel access schemes; one is Cat 1 immediate transmission for the case where the gap from the end of DL to the beginning of the UL burst is not more than 16 usec, and another is Cat 2 LBT for the case where the gap is not more than 25 usec (but more than 16 usec). Since the 16 or 25 usec gap duration is not matched to the duration of one or multiple OFDM symbols, partial symbol transmission at the end of DL transmission based on shortening of DL or partial symbol transmission at the beginning of UL transmission based on TA or CP extension would be necessary to achieve the gap less than 16 or 25 us, according to the following agreement made at the RAN1 #NR-AH1901 meeting [2]. 
	Agreement: 
· A gap (DLUL, ULUL, or UL DL) of a specific duration is created using one or more of:
· Timing Advance 
· CP extension 
· max value of not more than one OFDM symbol
· Shortening of DL or UL transmission duration by one or more OFDM-symbol(s) by puncturing or rate matching
· Note: the mechanisms applied in each case may be different for different SCSs
· FFS: how to signal the way of creating the gap to the UEs



In case of the gap from DL to UL, shortening of last DL symbol by puncturing or rate matching would be the easiest way to control gap duration since it does not need a signalling for UE regarding the way of creating the gap. Therefore, since the duration of the gap between the end of DL and the beginning of UL could be determined by gNB and UE would not be able to measure the gap duration, channel access scheme for HARQ A/N transmission should be indicated in scheduling DCI. Such channel access scheme indication is also beneficial to distinguish HARQ A/N transmission in the same shared COT (i.e., Cat.1 or Cat.2) or outside the shared COT (i.e., Cat.4).
Proposal 4: The channel access scheme for HARQ A/N transmission is indicated in the scheduling DCI.

At the beginning of UL transmission just after the gap of 16us or 25us, the signal may be distorted due to transition from Rx to Tx within the short time gap. Therefore, CP extension at the beginning of UL transmission just after the gap from DL to UL within gNB-initiated COT would be beneficial. If the signal distortion due to transition within the gap occurs in all possible cases, such CP extension can be always performed at the beginning of UL transmission just after the gap from DL to UL within gNB-initiated COT. If the signal distortion does not occur in some case, gNB can indicate whether CP extension is necessary or not to UE in the scheduling DCI.
Proposal 5: The CP extension is performed at the beginning of UL transmission just after the gap from DL to UL within gNB-initiated COT.

To support HARQ A/N transmission for corresponding data in the same shared COT, extending PDSCH-to-HARQ feedback timing indicator was agreed as beneficial to support indicating timings up to the end of longest COT allowed by regulations. For example, assuming 10ms COT duration and 60kHz SCS, there are 40 slots within 10ms COT duration and current maximum value of PDSCH-to-HARQ feedback timing indicator, i.e., 15 seems not sufficient. However, since Rel-16 NR-U does not support 60kHz SCS for SS/PBCH block, usage of 60kHz SCS may be limited to some specific scenario and 15kHz or 30kHz SCS would be mainly used on NR-U carrier for single numerology operation. In case of 15kHz or 30kHz SCS, even assuming 10ms COT, current maximum value of PDSCH-to-HARQ feedback timing indicator would be sufficient since number of slots within a 10 ms COT is 10 for 15kHz and 20 for 30kHz SCS while current maximum value of PDSCH-to-HARQ feedback timing indicator is 15. In other words, new value larger than 15 will be used only when the HARQ feedback is located over 15 slots away from corresponding PDSCH within the same COT. Regarding the size of PDSCH-to-HARQ feedback timing indicator which is currently 3bits, we consider that extending it to more than 3bits is just an optimization for flexibility and NR-U can work well even without extension as argued in section 2.1. Therefore, we propose to not extend the PDSCH-to-HARQ feedback timing indicator for HARQ A/N transmission for corresponding data in the same shared COT.
Proposal 6: For Rel-16 NR-U, new value for PDSCH-to-HARQ feedback timing indicator (i.e., extending the maximum value of dl-DataToUL-ACK from 15) is not supported for HARQ A/N transmission for corresponding data in the same shared COT, and the size of PDSCH-to-HARQ feedback timing indicator field is same as in Rel-15.


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.


2.6	2-stage UL grant for NR-U
LTE-LAA supports 2-stage UL grant mechanism since UL scheduling delay is 4ms in LTE and PUSCH transmission may not be within the eNB-initiated COT containing UL grant transmission. In NR, UL scheduling delay is much shorter than that in LTE, and hence the necessity of 2-stage UL grant mechanism seems unclear. Considering the NR-U design principle discussed in section 2.1, we think 2-stage UL grant for NR-U should be deprioritized in Rel-16.


2.7	Scheduling of PUSCH over multiple slots/mini-slots by single DCI
At the RAN1#96 meeting, it was agreed to support scheduling of PUSCH over multiple slots/mini-slots by single DCI at least for multiple continuous PUSCHs with separate TBs. Similar to DCI format 0B/4B in LTE-LAA, some enhancements for UL grant from DCI for single-TTI scheduling should be considered.
For example, DCI for multi-TTI scheduling would have two information types; one is information common to all the scheduled slots/mini-slots and another is information specific to each slot/mini-slot. In LTE-LAA, information specific to each subframe is limited to NDI and RV (from only two candidates). For NR-U, it is possible to consider more slot/mini-slot specific indication for flexibility, e.g., individual HARQ process ID indication, flexible SRS trigger, and full flexible RV indication.


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 dynamic HARQ codebook, following enhancements are supported.
· One PUCCH can carry HARQ-ACK feedback for one or more PDSCH groups
· DCI can request HARQ-ACK feedback for one or more PDSCH groups
· C-DAI/T-DAI is accumulated within one PDSCH group
· A reset indicator in DCI triggering HARQ-ACK feedback indicates whether the requested HARQ-ACK feedback for the PDSCH group is new request or additional request
· Last C-DAI value for each PDSCH group is indicated in DCI triggering HARQ-ACK feedback for the PDSCH group(s)
Proposal 2: For dynamic 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 3: 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 4: The channel access scheme for HARQ A/N transmission is indicated in the scheduling DCI.
Proposal 5: The CP extension is performed at the beginning of UL transmission just after the gap from DL to UL within gNB-initiated COT.
Proposal 6: For Rel-16 NR-U, new value for PDSCH-to-HARQ feedback timing indicator (i.e., extending the maximum value of dl-DataToUL-ACK from 15) is not supported for HARQ A/N transmission for corresponding data in the same shared COT, and the size of PDSCH-to-HARQ feedback timing indicator field is same as in Rel-15.
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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