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1 Introduction
A work item on NR-based access to unlicensed spectrum was agreed in RAN #82 meeting [1]. One objective of the work item is to specify HARQ/scheduling enhancement to reduce the impact of LBT failure. 
· HARQ operation: NR HARQ feedback mechanisms are the baseline for NR-U operation with extensions in line with agreements during the study phase (NR-U TR section 7.2.1.3.3), including immediate transmission of HARQ A/N for the corresponding data in the same shared COT as well as transmission of HARQ A/N in a subsequent COT. Potentially support mechanisms to provide multiple and/or supplemental time and/or frequency domain transmission opportunities. (RAN1)
· Scheduling multiple TTIs for PUSCH in-line with agreements from the study phase (TR 38.889, Section 7.2.1.3.3). (RAN1)
In RAN1 Ad-Hoc meeting 1901 [2], the following agreements and conclusions regarding the HARQ operation for NR-U were made: 
	Agreement:
· RRC parameter dl-DataToUL-ACK supports a value that can be signaled by PDSCH-to-HARQ-timing-indicator, which indicates that the UE needs to store the HARQ A/N feedback result for the corresponding PDSCH, and which does not provide any timing for the transmission of this HARQ A/N feedback result

Agreement:
For enabling multiple opportunities for HARQ A/N transmission and for cross-COT HARQ-ACK feedback, at least the following is supported:
· gNB requests/triggers feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback, where the exact HARQ feedback timing and resource is provided to the UE in another DCI (in the same or in another COT)

Conclusion:
· No additional value of K1 signaled by PDSCH-to-HARQ-timing-indicator needs to be introduced for the purpose of requesting feedback outside the COT (i.e. Alt3 in TR38.889 section 7.2.1.3.3)
· Further discuss the details for determining the LBT type for the UE transmission of HARQ A/N feedback for this case
· Further discuss whether additional values need to be introduced for the purpose of requesting feedback inside the COT
· If additional values are introduced these can also be used for requesting feedback outside the COT
· Note: This does not necessitate that the UE needs to know whether the feedback is inside or outside the COT at the time when the feedback is requested

Agreement:
Cross-carrier HARQ re-transmissions will not be discussed for NR-U in Rel-16.


In this contribution, we provide our views on remaining details of HARQ-ACK feedback and scheduling enhancement for NR-U.
2 HARQ procedure 
NR-U WI is aimed at supporting five scenarios, including CA between licensed and NR-U Scell, DC between licensed LTE and NR-U Scell, Stand-alone NR-U, Stand-alone NR-U and UL in licensed band, as well as DC between licensed NR and NR-U. At least for stand-alone and DC operation, HARQ-ACK has to be transmitted on unlicensed spectrum. 
As observed in SI phase, transmission of HARQ-ACK for the corresponding data in the same shared COT is beneficial, because UE can 100% transmit HARQ-ACK with Cat 1 immediate transmission (if the gap is not more than 16us) or the transmission probability is much higher with 25us LBT. According to the UE processing time defined in NR phase-1, about up to ~ 1ms interval between PDSCH reception and corresponding HARQ-ACK feedback for the worst case for both UE capabilities 1 and 2 is required. To guarantee UE processing time, PDSCH/PUSCH/PUCCH to/from other UEs, or CSI-RS/SRS to/from the same or other UEs, or PUCCH of HARQ-ACK of previous COT from the same UE can be transmitted in this interval. There would be no resource waste of shared COT if there is no transmission within this interval, since this gap is not counted within the COT duration and UL or DL transmissions after HARQ-ACK feedback can still utilize the remaining COT. 
In some cases, the HARQ-ACK feedback has to be transmitted in a separate COT from the one where the corresponding data was transmitted, e.g., due to UE processing capability limitation or gNB scheduling strategy. If the separate COT is another COT initiated by gNB, HARQ-ACK transmission opportunity is same as HARQ-ACK transmission in the same shared COT. If the separate COT is initiated by UE, the HARQ-ACK transmission probability would be lower, wherein HARQ-ACK transmission is more likely to be dropped due to potentially large CCA slots of Cat-4 LBT. Multiple techniques to handle reduced HARQ-ACK transmission opportunities due to LBT failure have been identified in NR-U SI. 
2.1 Multiple transmission opportunities for HARQ-ACK feedback
To increase the number of transmission opportunities, both time and frequency domain enhancement can be supported. 
· Time-domain multi-opportunity transmission
In general, there’re two kinds of approaches. One approach is HARQ-ACK (re)transmission based on gNB triggering (Alt 1 and Alt 2). Another approach is to pre-configure multi-opportunities and UE may attempt to transmit HARQ-ACK within the configured opportunities until UE succeeds in LBT (Alt 5). 
For triggering based HARQ-ACK (re)transmission, both explicit indication (Alt 1) and implicit indication (Alt 2) were discussed in last meeting, and agreed to support at least Alt 1. 
For Alt 1, gNB requests/triggers feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback, where the exact HARQ feedback timing and resource is provided to the UE in another DCI (in the same or in another COT). gNB may trigger HARQ-ACK from earlier COT(s) pended by UE processing delay, or missed HARQ-ACK from earlier COT(s) caused by LBT failure at UE, or UCI detection failure at gNB, or PDCCH detection failure at UE. For the first case, gNB may indicate UE to transmit HARQ-ACK later by indicating a specific value in PDSCH-to-HARQ-timing-indicator, and provide exact HARQ-ACK timing and resource in the triggering DCI. For the last three cases, gNB may trigger HARQ-ACK feedback with HARQ-ACK timing and resource in the triggering DCI after gNB fails to receive the expected HARQ-ACK report. It is noted that gNB cannot differentiate these three cases when gNB detects PUCCH DTX. A new mechanism should be carefully designed to ensure the same understanding of which HARQ processes are triggered at both gNB and UE for any of cases discussed above. 
There’re two kinds of explicit triggering mechanism, one is to explicit indicate HARQ processes to report HARQ-ACK (Alt 1b) and the other is to rely on other information without explicit HARQ process indication (Alt 1a). For Alt 1a, to identify the triggered HARQ processes, the information such as extended HARQ-ACK timing (for semi-static codebook), DL transmission burst or HARQ-ACK codebook ID together with C-DAI/T-DAI (for dynamic codebook) is needed (details are shown in section 2.2) in addition to HARQ-ACK (re)transmission request. For Alt 1b, DCI payload would be much smaller than Alt 1a, e.g., no additional bit field other than 1 bit HARQ-ACK (re)transmission request for all HARQ processes or just few bits for HARQ-ACK group (re)transmission request. However, UCI payload would be larger than dynamic codebook by Alt 1a. Besides, in some scenarios, gNB may not obtain valid HARQ-ACK value for a HARQ process, for example, NACK is always reported if UE previously transmitted this HARQ-ACK regardless of gNB correct reception which is unknown by UE (details are shown in section 2.2).
Observation 1: For HARQ-ACK (re)transmission explicitly triggered by gNB, 
· Alt 1a supports valid HARQ-ACK (re)transmission from earlier COT(s) pended by gNB, missed HARQ-ACK from earlier COT(s) caused by LBT failure at UE, PDCCH detection failure at UE, and UCI detection failure at gNB. Alt 1b supports valid HARQ-ACK (re)transmission for first three cases. 
· Alt 1a requires larger DCI payload than Alt 1b, while Alt 1a requires smaller UCI payload than Alt 1b. 
Proposal 1: NR-U supports at least Alt 1a for HARQ-ACK (re)transmission explicitly triggered by gNB. FFS Alt 1b. 
For Alt 2, UE autonomously transmits HARQ feedback for PDSCH from earlier COT(s). The benefit is reduced DCI overhead, but HARQ-ACK ambiguity is more likely to happen, e.g., if UE miss-detects the next earliest COT or gNB miss-detects PUCCH from UE due to hidden node, which leads to miss-aligned understanding of which HARQ-ACKs are to be expected now. To guarantee robust HARQ-ACK reception, UE may transmit auxiliary information with HARQ-ACK feedback to inform gNB which HARQ processes are reported. The bit-length of such HARQ process information may be fixed as the configured number of HARQ processes, which would be comparative or even larger than the number of real HARQ-ACK information. Moreover, HARQ-ACK information can be correctly decoded only if the auxiliary information is correctly received, which would require extremely high reliability of auxiliary information.  
Proposal 2: NR-U does not support implicit triggering approach (Alt 2). 
For pre-configure multi-opportunities approach, UE attempts HARQ-ACK transmission in candidate opportunities provided by the DCI scheduling the corresponding PDSCH, e.g., a set of K1 for each state of PDSCH-to-HARQ-timing-indicator (Alt 5a), or the candidate opportunities can be derived by legacy PDSCH-to-HARQ-timing-indicator and the window configured by RRC (Alt 5b). Alt 5a provides more flexibility than Alt 5b, because both consecutive and non-consecutive candidate opportunities can be configured by the set of K1 values, and the set of K1 for each state of PDSCH-to-HARQ-timing-indicator can be configured independently to control the number of opportunities. Moreover, non-consecutive opportunities could provide sufficient time for gNB to re-allocate UL resource of remaining opportunities for other UL transmission after gNB detects HARQ-ACK feedback in one opportunity. 
Proposal 3: NR-U supports pre-configure multi-opportunities by configuring multiple timings in PDSCH-to-HARQ-timing-indicator. The set of timings for each state of PDSCH-to-HARQ-timing-indicator can be configured independently.
· Frequency-domain multi-opportunity transmission
gNB can configure PUCCH resource in each 20MHz sub-band or in more than one UL CCs (in addition to Pcell) in which UE may transmit HARQ-ACK after successful LBT in at least one LBT sub-band or UL CC. If more than one sub-band/CC is free, UE chooses only one sub-band/CC to transmit based on the pre-defined rule, e.g., with smallest sub-band/CC index. If HARQ-ACK is to be piggybacked on PUSCH, the PUSCH to carry HARQ-ACK information can be chosen according to LBT result rather than pre-defined rule such as smallest Scell index. However, UE may not have enough preparation time to perform rate matching for the PUSCH containing HARQ-ACK right after the last successful CCA slot. Alternatively, HARQ-ACK can be piggybacked in multiple PUSCHs overlapped with PUCCH, according to gNB's indication. Another way is to choose one PUSCH on the UL carrier which is most likely to pass the LBT to carry the HARQ-ACK feedback, e.g., the PUSCH within a COT initiated by gNB. 
Proposal 4: NR-U supports multiple transmission opportunity in frequency domain by indicating multiple PUCCH/PUSCH carrying HARQ-ACK for multiple sub-bands/CCs.
2.2 HARQ-ACK codebook determination
For approaches to provide multiple transmission opportunities in frequency-domain, legacy HARQ-ACK codebook including semi-static and dynamic codebook can be easily reused. 
For approaches to provide multiple transmission opportunities in time-domain, the HARQ-ACK codebook design needs enhancement to avoid any potential ambiguity. In NR phase-1, HARQ-ACK codebook ambiguity happens only if all PDCCHs in last PDCCH monitoring occasion are lost. In NR-U, in addition to existing error case, the ambiguity also occurs if gNB miss-detects PUCCH/PUSCH carrying HARQ-ACK information. In licensed band, PUCCH/PDCCH miss-detection probability is less than 1% and the probability of missing 4 consecutive PDCCHs is negligible. In unlicensed band, with the presence of hidden node, PUCCH/PDCCH miss-detection probability and the number of consecutive missing PDCCH would be larger. Extending DAI bits can accommodate for a larger number of consecutive missing PDCCHs, but does not efficiently solve the ambiguity caused by PUCCH miss-detection, PUCCH dropping due to LBT failure or non-consecutive missing PDCCHs in different HARQ-ACK codebooks to be reported together. Therefore, NR-U requires new mechanism to solve these new confusing cases.  
In this section, general codebook design aspects for alternatives to support multiple HARQ-ACK opportunities in section 2.1 are discussed respectively. More detailed analysis can be found in our companion contribution [3].   
· For preconfigured/pre-indicated multiple opportunities in time domain (Alt 5), the received HARQ-ACK codebook assumed by gNB is determined by HARQ-ACK timing as well as HARQ-ACK detection in previous UL slots. If HARQ-ACK of previous COT(s) may be transmitted along with HARQ-ACK of current COT, and if gNB fails to detect the presence of HARQ-ACK in a previous UL slot, HARQ-ACK codebook ambiguity happens. To solve this problem, gNB can avoid scheduling PDSCHs associated with different UL slot within the UL slot set for candidate opportunities so that there is only one common HARQ-ACK codebook within the UL slot set. However, it restricts the scheduling flexibility and degrades resource efficiency. As an example in Figure 1(a), gNB indicates 2 HARQ-ACK opportunities for PDSCH 1/2/3 by indicating K1= {4,5}, {3,4}, and {2,3}. If gNB wants to transmit other PDSCHs between PDSCH 3 and the first UL slot for HARQ-ACK feedback, e.g., PDSCH 4, gNB has to indicate HARQ-ACK timing outside these two UL slots reserved for PDSCH1/2/3. Alternatively, always aggregate multiple HARQ-ACK codebooks within the UL slot set, no matter the corresponding HARQ-ACK codebook is transmitted or not in the previous UL slot, that is equivalent to increase HARQ-ACK timing candidates. Taking semi-static codebook as an example, assume the configured K1 set is {{2,3},{3,4}{4,5},{5,6}} associated with 2 bit HARQ-ACK timing respectively. In Figure 1(b), gNB indicates {4,5},{3,4},{2,3}, and {2,3} for PDSCH 1 to 4 correspondingly, then the semi-static HARQ-ACK codebook for each UL slot consists of 5 PDSCHs associated with K1={2,3,4,5,6}. For UL slot 1, semi-static codebook is NNAAA, wherein AAA is for PDSCH 1/2/3, for UL slot 2, semi-static codebook is NAAAA, wherein AAAA is for PDSCH 1/2/3/4, no matter UE transmits HARQ-ACK in UL slot 1 or not, and for UL slot 3, semi-static codebook is AAAAN, wherein AAAA is for PDSCH 1/2/3/4, no matter UE transmits HARQ-ACK in UL slot 1/2 or not. Assume UE fails LBT in UL 1 but succeeds in UL 2, then, UE transmits HARQ-ACK in UL 2. Besides, UE skips HARQ-ACK transmission in UL slot 3, because HARQ-ACK of all received PDSCHs are already transmitted in UL slot 2. 
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Figure 1 (b)
Proposal 5: For preconfigured/pre-indicated multiple opportunities in time domain, one common HARQ-ACK codebook or always aggregated HARQ-ACK codebook within UL slot set for multiple opportunities in time domain can be considered to avoid HARQ-ACK codebook ambiguity.
· For gNB triggered HARQ-ACK report, one key point of codebook design is how to ensure the aligned understanding of which PDSCH group’s HARQ-ACKs are triggered to retransmit.
For PDSCH grouping, the most straightforward way is to dynamically indicate a group of HARQ processes in DCI. It is impractical to add a 16-bits HARQ process bit-map in DCI to support fully flexible grouping for HARQ-ACK (re)transmission. As a compromise, a set of HARQ processes groups can be semi-statically configured and gNB dynamically triggers HARQ-ACK feedback of one HARQ processes group in DCI, i.e., Alt 1b.  
For Alt 1b, the number of HARQ-ACK bits and bit ordering is determined by the indicated HARQ processes without ambiguity, but HARQ-ACK value ambiguity, such as valid or default value for a given HARQ process may happen. Similar to HARQ-ACK value determination for PUSCH in FeLAA DFI, setting default value NACK for a given HARQ process after UE transmits HARQ-ACK previously can be considered for NR-U HARQ-ACK feedback. HARQ-ACK value ambiguity (ACK-to-NACK error) happens when a UE previously transmitted HARQ-ACK but gNB miss-detected it. As shown in Figure 2(a), gNB indicates 1st HARQ processes group for HARQ-ACK transmission, wherein 1st HARQ processes group consist of HARQ process #0~ #3, 2nd group consists of HARQ process #4~ #7, 3rd group consists of HARQ process #8~ #11 and 4th group consists of HARQ process #12~ #15 respectively. UE reports AANN in UL 1, wherein NN are default value for HARQ process #2 and #3 because UE has not received any PDSCH for HARQ process # 2 and #3. And UE reports NNAA in UL 2, wherein NN are default value for HARQ process #0 and #1 because UE already reports valid HARQ-ACK value in UL 1. Apparently, gNB cannot get valid HARQ-ACK value for HARQ processes #0 and #1 when gNB miss-detects HARQ-ACK report in UL 1. In FeLAA, such ACK-to-NACK error does not degrade UL transmission efficiency if eNB schedules a new transmission with toggled NDI in UL grant. But for NR-U DL transmission in Figure 2(a), gNB can only schedule the retransmission of PDSCH 1 and PDSCH 2 again even though UE has already correctly decoded PDSCH 1 and PDSCH 2. Alternatively, HARQ-ACK value determination that a UE reports the actual HARQ-ACK result of the latest received PDSCH of a triggered HARQ process can help gNB to recover valid HARQ-ACK result for HARQ processes #0 and #1, wherein the UE report AAAA for the case of figure 2(a). However, in some cases, DTX-to-ACK error happens. As shown in Figure 2(b), upon receiving the indication of 1st HARQ processes group for HARQ-ACK transmission, UE reports AANN for in UL 1, wherein NN are default value for HARQ process # 2 and #3 because gNB has not scheduled PDSCH for HARQ process # 2 and #3, and UE reports AANA in UL 2, wherein AAA for the latest received PDSCH 1, 2 and 5 for HARQ process #0, #1 and #3, and N is the default value for HARQ process #2 because UE has not received any PDSCH for HARQ process #2. It can be seen that gNB schedules a new PDSCH 4 for HARQ process #0 miss-detected by UE that leads to the miss-understanding of which PDSCH is associated with HARQ process #0 at gNB and UE. gNB expects HARQ-ACK of PDSCH 4 for HARQ process #0 and assumes correct reception of PDSCH 4 by UE upon receiving ACK of HARQ process #0 in UL 2, but that ACK is for PDSCH 1. 
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Observation 2: For Alt 1b, HARQ-ACK value ambiguity may happen if gNB miss-detects PUCCH or UE miss-detects PDCCH , depending on different HARQ-ACK value determination mechanism. 
Another approach for dynamic PDSCH grouping is to add HARQ-ACK codebook index and reported HARQ-ACK codebook set indication in DCI. In general, PDSCHs associated with same HARQ-ACK codebook index are in one PDSCH group of which UE reports HARQ-ACK(s) in one PUCCH/PUSCH. If the reported HARQ-ACK codebook set includes more than one HARQ-ACK codebook index, UE shall report HARQ-ACKs of all PDSCH groups associated with HARQ-ACK codebook indexes within the codebook set in one PUCCH/PUSCH. 
In the case of a PDSCH with a special value of PDSCH-to-HARQ-timing-indicator to indicate a later HARQ-ACK feedback, the actual HARQ-ACK timing and PUCCH resource can be derived by other PDCCHs with the same HARQ-ACK codebook index, or informed by other PDCCHs with HARQ-ACK codebook set including this HARQ-ACK codebook. 
In the case of dynamic HARQ-ACK codebook, HARQ-ACK codebook information enables UE to identify PDSCH groups, but UE does not know how many HARQ-ACK bits should be reserved for this PDSCH group if UE miss-detects last several PDCCHs or all PDCCHs of this PDSCH group, which leads to the confusion of all concatenated codebooks. As shown in Figure 3, UE identifies all PDCCHs associated with HARQ-ACK codebooks 2 are missed, but UE does not know how many bits of NACK should be reserved for HARQ-ACK codebook 2 when UE generates HARQ-ACK of codebook 2 and 3 for UL 3. Such ambiguity is caused by the discontinuous DAI among different codebooks, i.e. legacy C-DAI/T-DAI are counted within each codebook respectively. To enable continuous DAI accumulation, C-DAI/T-DAI should count for PDCCHs of all concatenated HARQ-ACK codebooks, which is basically the same as legacy single dynamic HARQ-ACK codebook. Figure 4 illustrates how to avoid HARQ-ACK ambiguity by HARQ-ACK codebook index, HARQ-ACK codebook set and accumulated C-DAI/T-DAI within all concatenated HARQ-ACK codebooks.
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Figure 4
Observation 3: For Alt 1a, HARQ-ACK ambiguity can be avoided by the aid of HARQ-ACK codebook index indication, reported HARQ-ACK codebook set indication and accumulative C-DAI/T-DAI within the HARQ-ACK codebook set.
Proposal 6: For gNB triggered HARQ-ACK report, new bit fields for HARQ-ACK codebook index and HARQ-ACK codebook set to report should be added in DCI, and C-DAI/T-DAI should be modified to count accumulative PDCCHs within the HARQ-ACK codebook set, if a UE is configured with dynamic codebook.
Figure 4 illustrates accumulated C-DAI/T-DAI for codebook 2 and 3 when gNB fails to detect UL 2 and decides to trigger retransmission of HARQ-ACK codebook 2 before the start of PDSCH 5 and 6. However, if previous HARQ-ACK codebook retransmission may be triggered in the middle of PDCCHs for current HARQ-ACK codebook, UE may detect discontinuous DAI without knowing whether the discontinuous DAI is caused by the missing of last PDCCHs of previous HARQ-ACK codebook (Figure 5a) or the missing of last PDCCHs of current HARQ-ACK codebook before the transmission of previous HARQ-ACK codebook (Figure 5b). Furthermore, if both PDSCH 5 and 6 are missed as shown in Figure 5c, UE does not know gNB triggers HARQ-ACK codebook 1 retransmission and UE only transmits 1 bit HARQ-ACK for PDSCH 4.   
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Figure 5 (c)
Observation 4: HARQ-ACK ambiguity may happen if gNB triggers previous HARQ-ACK codebook retransmission in the middle of DL slot set associated with current HARQ-ACK codebook. FFS whether to restrict the same HARQ-ACK codebook set indicated by all PDCCHs associated with the same HARQ-ACK codebook index.
For semi-static codebook, gNB can trigger previous HARQ-ACK feedback by indicating the timing offset to include previous HARQ-ACK codebook and current HARQ-ACK codebook. In Figure 6, K1 set is {2, 3, 4, 5}, and the possible timing offset is {0, -4}. If gNB indicates the timing offset of -4, K1 set is extended to {2,3,4,5,6,7,8,9}, thus UE can report HARQ-ACK of PDSCHs in slot 0~7 on UL 2. Similar to legacy semi-static codebook, there is marginal DCI overhead (add 1 or 2 bit for timing offset) and there is no HARQ-ACK codebook ambiguity caused by PDCCH or PUCCH miss-detection. The configuration of timing offset should achieve the balance between UCI payload and HARQ-ACK transmission opportunity, wherein UCI payload would undesirably increase with larger timing offset, yet HARQ-ACK retransmission opportunities increases with larger timing offset range.  


Figure 6
Proposal 8: For gNB triggered HARQ-ACK report, dynamic extension of K1 can be introduced to support HARQ-ACK retransmission, if a UE is configured with legacy semi-static codebook.
3 Scheduling procedure 
3.1 Number of HARQ process
In NR phase-1, the HARQ process number is fixed as 16 for UL. The determination of HARQ process number mainly relies on round-trip time and HARQ buffer implementation. In NR-U, in addition, a proper HARQ process number may also depend on MCOT duration, SCS, and DL/UL switching point. For the case of a single DL/UL switching point, UE is allowed to continuously transmit multiple PUSCHs up to MCOT after Cat-4 LBT. For 15kHz and 30kHz SCS, 16 HARQ process is sufficient for most MCOTs. Only 60kHz SCS with 6 or 10ms MCOT seems to require more HARQ processes. However, as discussed in [3], 60kHz SCS is not a preferable candidate at least for stand-alone scenario. Any optimization for 60kHz SCS should be deprioritized unless well justified. Even if 60kHz can be considered, 16 HARQ processes would be sufficient for most cases. For example, if UE is configured with CA operation, gNB may receive PUSCH on one CC and transmits UL scheduling (re)transmission for a same HARQ process within a COT, e.g., UL grant can be transmitted on a licensed DL CC thus UE can receive the UL grant and perform UL transmission accordingly within the UL COT without DL/UL switching gap. Besides, if gNB serves more than one UE in a cell, it is not so typical that gNB schedules continuous tens of PUSCHs of a UE which may lead to long-time inter-UE blocking if the co-scheduled UEs may not complete LBT at the same time. 

Observation 5: 16 HARQ processes is sufficient for most NR-U cases.


3.2 Multi-TTI PUSCH transmission
As concluded in SI phase, scheduling multiple TTIs for PUSCH each using a separate UL grant in the same PDCCH monitoring occasion (similar as DCI 0A/4A in eLAA), as well as scheduling multiple TBs with different HARQ process IDs over multiple slots using a single UL grant (similar as DCI 0B/4B in eLAA) is beneficial and supported in NR-U. 
For the case of multi-TTI transmission by a single UL grant, a reasonable trade-off between DCI payload and scheduling flexibility should be achieved.

· Number of slots to be scheduled
Considering the variable DL/UL configuration and MCOT, dynamic indication is more desirable than semi-static configuration of slot number. 

· Slot-common information
At least carrier/BWP indication, frequency domain resource allocation, spatial property indication, MCS and RS configuration can be common to all slots without material performance degradation. Regarding time domain resource allocation, whether the same time-domain resource allocation applies to each slot which may lead to non-contiguous transmission over multi-slot and/or the time-domain resource allocation applies only to the first and last scheduled slot (and intermediate slot is full slot) to support contiguous transmission over multi-slot should be considered. On one hand, contiguous transmission avoids interruption from LBT within the multi-slot transmission, on the other hand, non-contiguous transmission fits with self-contained frame structure and more friendly to UE multiplexing with different transmission duration. For non-contiguous transmission, COT structure can also be considered. Besides, if time-domain resource allocation applies only to the first and last scheduled slot, DMRS location in the intermediate slot should also be determined by the indicated mapping type (type A or type B) in time-domain resource allocation.  

· Slot-specific information
HARQ relevant information should be slot-specific to avoid too restrictive scheduling, such as HARQ ID/RV/NDI. Slot-specific HARQ ID does not necessarily require separate bit field for each slot. Similar as eLAA, HARQ ID for the first scheduled slot is indicated and HARQ ID for the subsequent subframes can be derived. For RV, to save the payload, 1 bit RV per slot can be considered. If gNB configures CBG-based scheduling for UL, it seems natural to support slot-specific CBGTI indication, considering NDI is slots-specific and the number of CBGs for initial and retransmission is typically different. However, the payload would be too excessive for slot-specific CBGTI, especially when 8 CBG is configured and the number of slots is 4. The compression of CBGTI indication can be considered, or only TB-level scheduling is supported. 

· Single slot information
SRS/CSI request is applied to a single slot. For SRS triggering, the slot to transmit SRS is determined by the slot-offset (between the triggering DCI and the transmission of this SRS-ResourceSet) indicated in SRS-ResourceSet configuration. For CSI request, similar as eLAA, the penultimate scheduled slot can be considered to transmit CSI to avoid dropping caused by LBT. 

Proposal 9: For multi-slot transmission by a single UL grant, a new DCI should be designed including slot-common, slot-specific and single-slot scheduling information bit field. Further discuss slot-specific information to support CBG-based transmission.

4 Conclusions
The proposals and observations made in this contribution are summarized below:
Observation 1: For HARQ-ACK (re)transmission explicitly triggered by gNB, 
· Alt 1a supports valid HARQ-ACK (re)transmission from earlier COT(s) deliberately pended by gNB, missed HARQ-ACK from earlier COT(s) caused by LBT failure at UE, PDCCH detection failure at UE, and UCI detection failure at gNB. Alt 1b supports valid HARQ-ACK (re)transmission for first three cases. 
· Alt 1a requires larger DCI payload than Alt 1b, while Alt 1a requires smaller UCI payload than Alt 1b. 
Observation 2: For Alt 1b, HARQ-ACK value ambiguity may happen if gNB miss-detects PUCCH or UE miss-detects PDSCH, depending on different HARQ-ACK value determination mechanism. 
Observation 3: For Alt 1a, HARQ-ACK ambiguity can be avoided by the aid of HARQ-ACK codebook index indication, reported HARQ-ACK codebook set indication and accumulative C-DAI/T-DAI within the HARQ-ACK codebook set.
Observation 4: HARQ-ACK ambiguity may happen if gNB triggers previous HARQ-ACK codebook retransmission in the middle of DL slot set associated with current HARQ-ACK codebook. FFS whether to restrict the same HARQ-ACK codebook set indicated by all PDCCHs associated with the same HARQ-ACK codebook index.
Observation 5: 16 HARQ processes is sufficient for most NR-U cases.
Proposal 1: NR-U supports at least Alt 1a for HARQ-ACK (re)transmission explicitly triggered by gNB. FFS Alt 1b. 
Proposal 2: NR-U does not support implicit triggering approach (Alt 2). 
Proposal 3: NR-U supports pre-configure multi-opportunities by configuring multiple timings in PDSCH-to-HARQ-timing-indicator. The set of timings for each state of PDSCH-to-HARQ-timing-indicator can be configured independently.
Proposal 4: NR-U supports multiple transmission opportunity in frequency domain by indicating multiple PUCCH/PUSCH carrying HARQ-ACK for multiple sub-bands/CCs.
Proposal 5: For preconfigured/pre-indicated multiple opportunities in time domain, one common HARQ-ACK codebook or always aggregated HARQ-ACK codebook within UL slot set for multiple opportunities in time domain can be considered to avoid HARQ-ACK codebook ambiguity.
Proposal 6: For gNB triggered HARQ-ACK report, new bit fields for HARQ-ACK codebook index and HARQ-ACK codebook set to report should be added in DCI, and C-DAI/T-DAI should be modified to count accumulative PDCCHs within the HARQ-ACK codebook set, if a UE is configured with dynamic codebook.
Proposal 7: For dynamic codebook, further study how to avoid HARQ-ACK ambiguity when previous HARQ-ACK feedback appears in the middle of DL slot set associated with current HARQ-ACK codebook.
Proposal 8: For gNB triggered HARQ-ACK report, dynamic extension of K1 can be introduced to support HARQ-ACK retransmission, if a UE is configured with legacy semi-static codebook.
Proposal 9: For multi-slot transmission by a single UL grant, a new DCI should be designed including slot-common, slot-specific and single-slot scheduling information bit field. Further discuss slot-specific information to support CBG-based transmission.
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