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1 Introduction
In the last RAN1 meeting [1], RAN1 agreed to allow a gap of up to 16 us between the end of the DL transmission and the immediate transmission of feedback to accommodate for the hardware turnaround time. This ccontribution discusses remaining aspects related to the HARQ and scheduling procedure for NR-U, with respect to sub-7 GHz unlicensed spectrum only. 
2 HARQ procedure 
Due to the feature of uncertainty for unlicensed band, the latency of HARQ-ACK transmission on unlicensed band cannot be guaranteed which could be a bottleneck of NR-U performance. HARQ-ACK may be dropped due to failure of LBT. gNB may have to schedule the retransmission of the PDSCH if HARQ-ACK is not received in time. DL transmission efficiency would be materially degraded, especially for the case of HARQ-ACK multiplexing of multiple PDSCHs, which results in retransmission of all these PDSCHs. Moreover, the delayed HARQ-ACK feedback also affect the CWS adjustment wherein CWS would be doubled if the expected HARQ-ACK feedback is not received. 
2.1 LBT for HARQ-ACK feedback
If the HARQ-ACK feedback can be always transmitted within the shared MCOT, HARQ-ACK transmission probability would be high because the channel would be free right after DL burst and much shorter CCA or even no-LBT is more likely to seize the channel than normal Cat-4 LBT. Such self-contained COT structure allows more efficient resource utilization in the unlicensed band and faster link adaptation based on timely HARQ-ACK feedbacks [2]. According to the UE processing time defined in NR phase-1, about up to ~ 1ms for the worst case for both UE capabilities 1 and 2. Then, for most PDSCHs within the MCOT of 2ms ~ 10ms depending on channel access priority class, the HARQ-ACK can be transmitted within the shared MCOT, except the PDSCHs in last few symbols of the MCOT. In case of only single DL/UL switching point within a MCOT, HARQ-ACK timing K1 up to 15 may not be sufficient to support HARQ-ACK feedback of first few PDSCHs at the end of a MCOT if the MCOT is relatively long. Considering the LBT priority type that determines the duration of MCOT depends on traffic types in each DL burst and a proper COT duration also dynamically varies with traffic load and channel availability, more HARQ-ACK timing bits in DCI together with a larger range of K1 is beneficial for flexible HARQ-ACK feedback. The exact number of HARQ-ACK timing bits is to be studied in WI considering the trade-off between HARQ-ACK feedback efficiency and robust DCI detection. 
Proposal 1: For HARQ-ACK feedback within the COT, NR-U considers 25us LBT or no LBT and extending HARQ-ACK timing bit field in DCI together with larger value rage of K1. 
If the HARQ-ACK feedback has to be transmitted in a separate COT from the one the corresponding data was transmitted, e.g., due to UE processing capability limitation or gNB scheduling strategy, aggressive LBT can still be considered. NR phase 1 supports both short PUCCH and long PUCCH. It may not have much impact on fair coexistence with other nodes, if faster LBT is applied before short PUCCH which is just one or two symbols. And even for long PUCCH, the duration could be much less than 1ms with few symbols duration or larger SCS. In eLAA, LBT priority type 1 with maximum 2ms MCOT can be used for SRS-only transmission due to limited duration of SRS. Similar LBT mechanism can be considered for PUCCH with comparable duration. 
Proposal 2: For HARQ-ACK feedback in a separate COT, NR-U considers at least channel access priority type 1 for HARQ-ACK only transmission.
2.2 Multiple transmission opportunities for HARQ-ACK feedback
Another direction to increase HARQ-ACK transmission probability is to increase the number of transmission opportunities. Both time and frequency domain enhancement can be studied. 
· Time-domain multi-opportunity transmission
In general, there’re two kinds of approaches. One approach is to pre-configure multi-opportunities and UE may attempt to transmit HARQ-ACK within the configured opportunities until UE succeeds in LBT (corresponding to Alt 1 in section 2.3 in [3]). Another approach is HARQ-ACK can be (re)transmitted based on gNB triggering (corresponding to Alt 2 in section 2.3 in [3]). gNB can configure either alternative 1 or 2, or combine these two alternatives which are not mutual exclusive. 
For alternative 1, gNB can configure a HARQ-ACK transmission window in time domain, which starts from the UL slot determined by the indicated HARQ-ACK timing in DL assignment and the window size is semi-statically configured by higher-layer signalling. UE may attempt to transmit HARQ-ACK within the window. 
For alternative 2, the triggering can be either implicit or explicit. For the explicit triggering approach, HARQ-ACK can be (re)transmitted by a dedicated triggering bit field in DCI, such as DL assignment or UL grant, or by a dedicated DCI. The overhead of the triggering signalling depends on whether a fixed HARQ-ACK codebook to be transmitted upon the triggering indication or a specific HARQ process to be reported according to the triggering information. The fixed HARQ-ACK codebook, e.g., the codebook of all configured HARQ processes, results in large UCI payload while it requires just 1 triggering bit in DCI. On the contrary, if the HARQ-ACK codebook size is determined by the triggering information, e.g., the triggering information includes the specific HARQ process ID or specific DL transmission burst or HARQ-ACK codebook ID/counter indication, the UCI payload is more controllable but the DCI overhead is obviously increased. For the implicit triggering approach, HARQ-ACK can be (re)transmitted by a pre-defined autonomous triggering condition. For example, the unreported HARQ-ACK of earlier COT is autonomously transmitted on the next available PUCCH resource after successful LBT. In that case, the DCI overhead is reduced but HARQ-ACK ambiguity is more likely to happen, if gNB may miss-detect PUCCH from UE due to hidden node which leads to mis-aligned understanding of which HARQ-ACKs are to be expected now. To guarantee robust HARQ-ACK reception, the implicit triggering method should be deprioritized if no concrete scheme to resolve the ambiguity is identified. 
Proposal 3: NR-U considers HARQ-ACK enhancement with more transmission opportunities in time-domain.
· gNB configures a transmission window derived by HARQ-ACK timing and configured window size.
· gNB explicitly triggers multiple opportunities in time-domain.
· Frequency-domain multi-opportunity transmission
This approach can be categorized as pre-configured multiple opportunity (Alt 1 as discussed above). 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 sub-band or UL CC. The increased transmission opportunity is at the cost of the increased PUCCH resources reserved for one UE which has impact on PUCCH capacity and also other UL transmission efficiency. At the meanwhile, more blind detections at gNB side is required, but it is inevitable for any UL transmission based on LBT.     
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 every PUSCH overlapped with PUCCH. Then, UE can prepare the HARQ-ACK and PUSCH before the LBT, though PUSCH transmission efficiency is reduced due to HARQ-ACK repetition in every PUSCH. 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. 
Proposal 4: NR-U considers HARQ-ACK enhancement with more transmission opportunities in frequency-domain.
· Multiple PUCCH resources can be configured for multiple sub-band or UL CCs.
· More than one PUSCHs can be chosen to carry HARQ-ACK, or the single PUSCH with higher transmission opportunity can be chosen. 

2.3 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 with minor modification. 
For approaches to provide multiple transmission opportunities in time-domain, the HARQ-ACK codebook design need enhancement to avoid any potential ambiguity and keep the codebook size within a reasonable range. According to the HARQ-ACK procedure in NR phase-1, the HARQ-ACK codebook associated with a give PUCCH resource is determined by the HARQ-ACK timing. That means, the PDSCH and its HARQ-ACK is specifically mapped to one PUCCH resource. In NR-U, if the HARQ-ACK transmission window is pre-configured (Alt 1 as above), the transmitted HARQ-ACK codebook associated with a given UL slot may consist of codebook determined by HARQ-ACK timing and the codebook suspended by LBT. Correspondingly, 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 gNB fails to detect the presence of transmitted PUCCH in previous UL slots, HARQ-ACK codebook size ambiguity happens. To avert such ambiguity, gNB can avoid scheduling PDSCHs associated with different UL slot within the window so that there is only one common HARQ-ACK codebook within the HARQ-ACK transmission window. However, it restricts the scheduling flexibility and degrades the transmission resource efficiency for DL and other UL transmission, because the PUCCH resource as well as the corresponding candidate PDSCH slots in the window is reserved. Another way is to always concatenate the multiple HARQ-ACK codebooks within the HARQ-ACK transmission window, no matter the corresponding HARQ-ACK codebook is transmitted or not in the window, that is equivalent to increase HARQ-ACK timing candidates. But always having a considerable redundancy in HARQ-ACK codebook would be inefficient for most of the time. The mechanism to balance HARQ-ACK robustness and transmission efficiency shall be studied. For gNB triggered HARQ-ACK report (Alt 2 as above), in the case of dynamic HARQ-ACK codebook, the codebook size ambiguity would happen if the codebook size is miss-determined for the earlier COT which leads to the confusion of all concatenated codebooks. The legacy DAI (e.g., modifies the C-DAI and T-DAI or adds new DAI) needs enhancement to avoid the error case. Alternatively, semi-static codebook immune to the size confusion can be considered, e.g., min (legacy semi-static codebook size, the codebook size of all HARQ processes). One study point for semi-static codebook is how to avoid HARQ-ACK value ambiguity caused by PUCCH DTX detection error or PDCCH DTX detection error. For example, if PUCCH of previous COT is miss-detects by gNB, and if the rule is UE sets default value NACK for a given HARQ process after UE transmits HARQ-ACK previously, gNB may schedule the retransmission of that HARQ process even if UE has already correctly decoded it, because gNB treats the received NACK as the actual HARQ-ACK result. On the contrary, if the rule is UE reports the actual HARQ-ACK result of the lasted received PDSCH of a given HARQ process, and if UE miss-detects the latest PDSCH of that HARQ process, gNB may not identify the loss of that PDSCH if UE reports ACK based on received PDSCHs in an earlier COT. 
Proposal 5: NR-U considers both legacy dynamic HARQ-ACK codebook and new semi-static codebook (as a complementary). The enhancement to avoid HARQ-ACK codebook size and HARQ-ACK value ambiguity caused by HARQ-ACK DTX or PDSCH DTX detection error should be studied. 
[bookmark: _GoBack]2.4 Cross-carrier retransmission 
Cross-carrier retransmission was discussed in previous meetings. The delay caused by channel uncertainty would be reduced by exploiting LBT diversity on multiple carriers, e.g., the retransmission can be moved to another CC with lower interference/contended nodes. If the carrier on which the retransmission performs is determined based on channel congestion situation observed by a relatively longer period, e.g., one or several slots, the comparable gain may be achieved by retransmitting on a different BWP supported in NR phase-1. If the carrier on which the retransmission performs is determined based on instantaneous LBT result (gNB may have to prepare multiple PDCCH/PDSCHs for each carrier, especially if the numerology on each CC may be different), the comparable gain may be achieved by retransmitting on a different LBT sub-band. The additional gain on top of sub-bands/BWPs is not very clear. Furthermore, joint processing among multiple CCs for cross-carrier transmission requires tremendous standard work in both RAN1 and RAN2, and in turn complicates SW implementation at both UE and gNB side. 
Proposal 6: NR-U does not consider cross-carrier retransmission unless clear benefit is identified.
3 Scheduling procedure 
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 implication. In NR-U, if multiple DL/UL switching point within a COT is supported, the round-trip time can be the same as NR phase-1 FDD operation in licensed band. For the case of a single DL/UL switching point, UE is allowed to continuously transmit multiple PUSCHs up to MCOT after type-1 LBT. At least 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: 16 HARQ processes is sufficient for most NR-U cases. 

In eLAA, a UE can be scheduled to transmit PUSCHs in consecutive UL subframes without gap by a multi-subframe scheduling DCI 0B/4B or by multiple separate UL grant DCI 0A/4A. The total DCI payload is reduced if DCI 0B/4B is used, while more scheduling flexibility is achieved by multiple DCI 0A/4A. To support flexible UL/DL configuration and improves the transmission efficiency, e.g., one DL subframe + multiple UL subframes in one MCOT, eNB can transmit multiple DCI 0A/4A in the same DL subframe. The same argument is still valid for NR-U. Therefore, both scheduling multiple slots for PUSCH using a single UL grant or using a separate UL grant in the same PDCCH monitoring occasion should be supported for NR-U.      

In NR phase-1, more than one DCI can be detected in one PDCCH monitoring occasion. Therefore, multi-slot PUSCH with separate UL grant in the same PDCCH monitoring occasion is already supported. For the multi-slot PUSCH scheduled by a single UL grant, NR phase-1 supports PUSCH repetition with a single TB, which is mainly for coverage enhancement as well as latency reduction. The repetition factor is semi-statically configured and the RV is determined according a pre-defined rule. Furthermore, the same symbol allocation is assumed for each slot for both type A and type B PUSCH mapping. On one hand, coverage enhancement by PUSCH repetition is less motivated due to typically small radius of NR-U cell, and the latency is anyway can not be guaranteed if LBT applies. On the other hand, PUSCH repetition is beneficial when only some of the repetitions are contaminated by other colliding transmission. Meanwhile, the benefit of multi-slot PUSCH with different TBs is well-identified in NR-U as in Rel-14 eLAA. Considering the design target for multi-slot PUSCH repetition and multiple TBs are totally different, existing NR phase-1 DCI needs to be modified for multi-slot PUSCH with different TBs, e.g., to support separate NDI/RV indication and CBG indication. 

Proposal 7: NR-U supports multi-slot PUSCH with different TBs. New DCI and transmission mechanism needs to be studied. 

4 Others
CBG-based HARQ-ACK feedback and scheduling is a new feature in NR phase-1. The decoding performance over different symbols may vary dramatically on unlicensed band with unexpected interference, e.g., hidden node, and also in the scenario that some UL/DL transmission is dropped/punctured in initial partial slot. Therefore, the CBG-based HARQ procedure should also be supported in NR-U.  
Proposal 8: NR-U considers CBG-based HARQ-ACK feedback and scheduling. 
5 Conclusions
The proposals and observations made in this contribution are summarized below:
Observation: 16 HARQ processes is sufficient for most NR-U cases. 
Proposal 1: For HARQ-ACK feedback within the COT, NR-U considers 25us LBT or no LBT and extending HARQ-ACK timing bit field in DCI together with larger value rage of K1 at least for DCI format 1_1. 
Proposal 2: For HARQ-ACK feedback in a separate COT, NR-U considers at least channel access priority type 1 for HARQ-ACK only transmission.  
Proposal 3: NR-U considers HARQ-ACK enhancement with more transmission opportunities in time-domain.
· gNB configures a transmission window derived by HARQ-ACK timing and configured window size.  
· gNB explicitly triggers multiple opportunities in time-domain.  
Proposal 4: NR-U considers HARQ-ACK enhancement with more transmission opportunities in frequency-domain.
· Multiple PUCCH resources can be configured for multiple sub-band or UL CCs.
· More than one PUSCHs can be chosen to carry HARQ-ACK, or the single PUSCH with high transmission opportunity can be chosen. 
Proposal 5: NR-U considers both legacy dynamic HARQ-ACK codebook and new semi-static codebook (as a complementary). The enhancement to avoid HARQ-ACK codebook size and HARQ-ACK value ambiguity caused by HARQ-ACK DTX or PDSCH DTX detection error should be studied. 
Proposal 6: NR-U does not consider cross-carrier retransmission unless clear benefit is identified.
Proposal 7: NR-U supports multi-slot PUSCH with different TBs. New DCI and transmission mechanism needs to be studied.  
Proposal 8: NR-U considers CBG-based HARQ-ACK feedback and scheduling. 
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