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1. Introduction

In RAN#82, new WID on NR-based Access to Unlicensed Spectrum was approved and the scope of physical layer procedure(s) including [1]:
-
For LBE, channel access mechanism in line with agreements from the NR-U study item (TR 38.889, Section 7.2.1.3.1). Specification work to be performed by RAN1.

-
For FBE, channel access mechanism in line with agreements from the NR-U study item (TR 38.889, Section 7.2.1.3.1). FBE is intended for environments where the absence of Wi-Fi is guaranteed (e.g., by level of regulations, private premises policies, etc. Further, the targeted scenario is limited to a single NR-U network (i.e. single operator) in the operating band and geographic area. Specification work to be performed by RAN1.
- 
Initial access: specify required NR modifications to increase the maximum number of candidate SS/PBCH block positions within the DRS transmission window; to handle reduced SS/PBCH block and RMSI transmission opportunities due to LBT failure; to determine frame timing and QCL assumptions from the detected SS/PBCH block; single SS/PBCH block numerology assumed per band for Pcells in unlicensed spectrum. (RAN1)

- 
Random access: specify required NR modifications to enhance RACH procedure in line with the agreements during the study phase, including 4-step RACH modifications to handle reduced Msg 1/2/3/4 transmission opportunities due to LBT failure (RAN1/RAN2); LBT for 2-step RACH and application of PRACH and PUSCH format improvements for NR-U to 2-step RACH. (RAN1 

-
Scheduling request: specify required NR modifications due to LBT failure in line with agreements during the study phase. (RAN1/RAN2)

- 
RLM/RRM extensions for NR-U operation due to uncertain and reduced transmission opportunities for DL signals and channels due to LBT failure in line with agreements during the study phase (NR-U TR section 7.2.1.3.2), including configuring different DRS Measurement Time Configuration (DMTCs) for RRM and RLM respectively, identifying the set of RLM-RSs to measure, which set(s) are used for in-sync, out-of-sync evaluations, potential definition of a metric to accurately identify unsuccessful detection of RLM-RS. Support RSSI reporting. Define a metric to measure channel occupancy or medium contention and its corresponding reporting. (RAN1/RAN2)

- 
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)

- 
Configured Grant operation: NR Type-1 and Type-2 configured grant mechanisms are the baseline for NR-U operation with modifications in line with agreements during the study phase (NR-U TR section 7.2.1.3.4). (RAN1)

-
CSI: NR Rel-15 CSI feedback mechanism is the baseline for NR-U operation. Enhancements can be considered in line with agreements from the NR-U study item (e.g., TR 38.889, Section 7.2.1.3.1). (RAN1)

- 
Data multiplexing aspects (for both UL and DL) considering LBT and channel access priorities. (RAN1/RAN2)
In this contribution, we will have some discussions on the HARQ enhancements.
2. Discussions 
2.1 HARQ enhancement
Based on the agreements in study phase in [2], HARQ feedback corresponding to PDSCHs of a channel occupancy can be reported outside of that channel occupancy. For HARQ feedback corresponding to PDSCHs of a channel occupancy, it is identified beneficial to allow more bits PDSCH-to-HARQ-timing-indicator to support indicating timings up to the end of the longest COT. Besides, it is also agreed to introduce signaling a value of the PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH that tells the UE that the timing and resource for HARQ-ACK feedback for the corresponding PDSCH will be determined later.
There is no consensus that whether cross COT PDSCH-to-HARQ-timing-indicator is available or not. If PDSCH-to-HARQ-timing-indicator is configured by high layer and support multiple feedback position, it is unavoidable that PDSCH-to-HARQ-timing-indicator indicates a cross COT position. If all PDSCH feedback is limited within a downlink triggered COT, the performance loss of HARQ will be enlarge. In order to increase the HARQ efficiency, an uplink triggered COT to transmit HARQ bits should also be considered. Therefore, if PDSCH-to-HARQ-timing-indicator points to a feedback value exceeds the boundary of current COT and not conflict with the UL/DL configuration, it could be considered that UE could start an uplink data transmission triggered by PDSCH-to-HARQ-timing-indicator. Besides, PDSCH-to-HARQ-timing-indicator enhancement scheme is not conflict with gNB triggered feedback schemes. Once gNB doesn’t receive HARQ feedback within the feedback window, a gNB triggered feedback for PDSCH from earlier COT(s) could be used.
Proposal 1: PDSCH-to-HARQ-timing-indicator enhancements scheme could be used as base line design for NR-U HARQ feedback within a COT and cross COT.
2.1 Dynamic codebook enhancement
For dynamic codebook enhancement, there are two alternatives for cross COT feedback [2]:

•
Alt. 1 allows triggering/requesting a report for missed or unreported HARQ-ACK feedback in case of LBT failure for PUCCH/PUSCH transmission, or in case of PUCCH/PUSCH detection failure at gNB, or in case of PDCCH detection failure at UE, or in case of HARQ-ACK feedback pending from earlier COT(s)

•
Alt. 2 allows reporting unreported HARQ-ACK feedback in case of LBT failure for PUCCH/PUSCH transmission, or in case of HARQ-ACK feedback pending from earlier COT(s)
For Alt.1, cross COT feedback is controlled by gNB and the reliability is increased by extra control information confirmation between gNB and UE. For Alt.2, to avoid ambiguity in UE reporting, additional information such as HARQ ID is required. Alt. 2 has less feedback latency than Alt. 1, especially when the special case that PDSCH-to-HARQ-timing-indicator does not indicate the feedback position. If only Alt.1 is specified, due to the limitation of LBT, there might be a risk of long HARQ feedback. One compromise might be considered that support both alternatives in different scenarios. For an uplink triggered COT, Alt.2 could be used while for a downlink triggered COT, Alt.1 could be supported.
Proposal 2: For cross COT dynamic codebook enhancement, triggering/requesting a report for missed or unreported HARQ-ACK feedback is supported in downlink triggered COT and reporting unreported HARQ-ACK feedback is supported in uplink triggered COT.
3. Conclusion
In summary, the following proposals are provided:
Proposal 1: PDSCH-to-HARQ-timing-indicator enhancements scheme could be used as base line design for NR-U HARQ feedback within a COT and cross COT.
Proposal 2: For cross COT dynamic codebook enhancement, triggering/requesting a report for missed or unreported HARQ-ACK feedback is supported in downlink triggered COT and reporting unreported HARQ-ACK feedback is supported in uplink triggered COT.
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