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1. Introduction
At the RAN#82 meeting, the new WI on NR-based access to unlicensed spectrum (NR-U) was approved [1]. The objectives of the WI include following RAN1 works regarding physical layer procedure(s).
	-	Physical layer procedure(s) including [RAN1, RAN2]:
-	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)
[bookmark: _Hlk532426838]- 	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 discuss on the potential HARQ enhancements for NR-U operation. 
2. Discussion on potential HARQ enhancements
2.1	High level views on NR-U design principle
As below in [1], NR-U WI targets to support five scenarios including SA, CA with licensed NR, DC with licensed LTE and DC with licensed NR.
	This work item is aimed at supporting the following scenarios: 
· Scenario A: Carrier aggregation between licensed band NR (PCell) and NR-U (SCell). 
· NR-U SCell may have both DL and UL, or DL-only.
· In this scenario, NR PCell is connected to 5G-CN.
· Scenario B: Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· In this scenario, LTE PCell connected to EPC as higher priority than PCell connected to 5G-CN. 
· Scenario C: Stand-alone NR-U
· In this scenario, NR-U is connected to 5G-CN.
· Scenario D: A stand-alone NR cell in unlicensed band and UL in licensed band (single cell architecture).
· In this scenario, NR-U is connected to 5G-CN.
· Scenario E: Dual connectivity between licensed band NR and NR-U. 
· In this scenario, PCell is connected to 5G-CN.



The WI scope seems too large for the agreed TU and completion target if all possible enhancements for NR-U discussed during SI will be further discussed and specified. RAN1 should consider a priority among five scenarios, and an enhancement for NR-U should be specified only when it is deemed necessary to operate NR-U appropriately in high priority scenario(s). In other words, an enhancement for further flexibility/optimization should be deprioritized as well as an enhancement necessary/preferred for low priority scenario(s). Even for an enhancement for NR-U to support a functionality already supported in LTE-LAA, RAN1 should consider differences between LTE and NR designs.
In terms of potential HARQ enhancements, RAN1 should consider following aspects.
· In scenario A and D, HARQ feedback will be sent on licensed band. In such case, resource/timing for HARQ feedback could be ensured by gNB.
· Even when HARQ feedback will be sent on unlicensed band, since multiple DL-UL and UL-DL switching within a gNB-initiated COT will be allowed, gNB would have flexibility on resource/timing for HARQ feedback within the COT. 
· Different from LTE, NR supports wider CC bandwidth than 20MHz, such as 100MHz. So, CA operation with very large number of CCs should not be a major scenario.
· 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.


2.2	HARQ A/N transmission for corresponding data in the same shared COT
During the NR-U SI, HARQ A/N transmission for corresponding data in the same shared COT had been discussed and following is captured in the section 7.2.1.3.3 of TR38.889 [2].
	Transmission of HARQ A/N for the corresponding data in the same shared COT is identified as beneficial. For NR-U, the design strives to support transmitting all HARQ A/N for the corresponding data in the same shared COT, if possible, considering the current NR UE processing time required. A gap of up to 16 s should be allowed between the end of the DL transmission and the immediate transmission of feedback to accommodate for the hardware turnaround time. It is beneficial to be able to support transmissions (e.g. CSI reporting or SRS, or other PUSCH, or CSI-RS, or other PDSCH) in the time between one DL data transmission for a UE and the corresponding UL transmission of DL HARQ feedback for the same UE within a shared COT. Potential enhancements for such type of operation, e.g. by possibly pre-configured or pre-determined uplink transmissions for reducing signaling overhead for these transmissions, may be beneficial.
~
NR-U should support both the HARQ feedback corresponding to some or all the PDSCHs of a channel occupancy can be reported in the same channel occupancy and HARQ feedback corresponding to PDSCHs of a channel occupancy can be reported outside of that channel occupancy. 
To support the HARQ feedback corresponding to some or all the PDSCHs of a channel occupancy to be reported in the same channel occupancy, it is found beneficial to extend the PDSCH-to-HARQ-timing to support indicating timings up to the end of the longest COT allowed by regulations. One or more of the following would be needed: Allow values larger than 15 by RRC signalling; Allow more bits for the PDSCH-to-HARQ-timing-indicator.



In addition, the channel access schemes for a UL transmission within a gNB-initiated COT were also discussed and following is captured in the TR.
	Within a gNB-initiated COT, an UL burst for a UE consisting of one or more of PUSCH, PUCCH, PRACH, and SRS follows the channel access schemes in Table 7.2.1.3.1-3.
Table 7.2.1.3.1-3: Channel access schemes for a UL burst within a gNB-initiated COT as LBE device
	Cat 1 Immediate transmission 
	Cat 2 LBT
	Cat 4 LBT

	When the gap from the end of the DL transmission to the beginning of the UL burst is not more than 16 sec. Note: Maximum limits of the duration of the UL burst other than those already derived from MCOT duration limits should be further discussed when specifications are developed.
	For any of the following cases:
-	When the gap between any two successive scheduled/granted transmissions in the COT is not greater than 25 sec
-	For the case where a UL transmission in the gNB initiated COT is not followed by a DL transmission in the same COT
-	Note: the duration from the start of the first transmission within the channel occupancy until the end of the last transmission in the same channel occupancy shall not exceed 20 ms.
	N/A


Note: An UL burst is defined as a set of transmissions from a given UE having no gaps or gaps of no more than 16 µs. Transmissions from a UE having a gap of more than 16 µs are considered as separate UL bursts. The number of LBT attempts within a COT should be determined when specifications are developed.



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. So, 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. For the HARQ A/N transmission within a 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 gNB implementation is necessary to achieve the gap less than 16 or 25 us. Therefore, since the duration of the gap between the end of DL and the beginning of UL is 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. 
Proposal 1: The channel access scheme for HARQ A/N transmission on PUCCH within a same shared COT is indicated in the scheduling DCI.

In LTE-LAA, for PUSCH transmission, channel access scheme and PUSCH transmission start timing are indicated in the DCI. eNB selects PUSCH transmission start timing based on the end timing of the transmission before the PUSCH. For NR HARQ A/N transmission on PUCCH, symbol level transmission start timing adjustment can be realized by PUCCH resource configuration and indication. In addition, partial symbol transmission to achieve the gap less than 16 or 25 us should be done by gNB implementation as argued above. Therefore, further transmission timing adjustment for NR-U HARQ A/N on PUCCH may not be necessary.

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. 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 and to reuse Rel-15 design for NR-U in Rel-16.
Proposal 2: NR-U reuses Rel-15 design of PDSCH-to-HARQ feedback timing indicator.


2.3	HARQ A/N transmission for corresponding data in a separate COT
During the NR-U SI, cross-COT HARQ-ACK feedback and multiple opportunities for HARQ-ACK feedback had been discussed and following is captured in the section 7.2.1.3.3 of TR38.889 [2].
	However, it is understood in some cases, the HARQ A/N has to be transmitted in a separate COT from the one the corresponding data was transmitted. 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.
Techniques to handle reduced HARQ A/N transmission opportunities for a given HARQ process due to LBT failure are identified as beneficial. Potential techniques include mechanisms to provide multiple and/or supplemental time and/or frequency domain transmission opportunities.
When UL HARQ feedback is transmitted on unlicensed band, NR-U considers mechanisms to support flexible triggering and multiplexing of HARQ feedback for one or more DL HARQ processes
[bookmark: OLE_LINK20]NR-U should support both the HARQ feedback corresponding to some or all the PDSCHs of a channel occupancy can be reported in the same channel occupancy and HARQ feedback corresponding to PDSCHs of a channel occupancy can be reported outside of that channel occupancy. 
~
To support HARQ feedback corresponding to PDSCHs of a channel occupancy can be reported outside of that channel occupancy, the following possible candidate solutions can be considered:
-	Alt1: gNB requests/triggers feedback for PDSCH from earlier COT(s)
-	Alt2: UE is configured to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger
-	Alt3: by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH
The alternatives above are at least applicable for the case where there is no HARQ feedback expected in the same channel occupancy as the PDSCH.
Further details on potential solutions to allow cross-COT HARQ-ACK feedback and multiple opportunities for HARQ-ACK feedback are provided in Table 7.2.1.3.3-1.
Table 7.2.1.3.3-1: Possible alternatives to support multiple HARQ-ACK opportunities
	
	Cross-COT HARQ-ACK feedback
	Multiple opportunities for HARQ-ACK feedback

	Alt1: 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)
	Alt1a: request/trigger reporting of HARQ feedback for earlier COT(s) or additional reporting of earlier HARQ feedback without explicit signaling of HARQ process ID, possibly along with other HARQ feedback reports (e.g. for the current COT)
Alt1b: request/trigger reporting for a set of HARQ processes, either for all configured HARQ processes (e.g. group feedback), or for a set of HARQ process IDs or HARQ process ID groups

	Alt2: UE is configured/allowed to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger 
	UE autonomously reports UCI with additional information about HARQ processes - e.g. corresponding to PDSCH from earlier COT(s) - that are reported in PUSCH [or PUCCH] along with the HARQ-ACK feedback.

	Alt3: gNB requests feedback outside the COT by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH
	The UE will attempt reporting at the indicated time and resource (e.g. in a UE-initiated channel occupancy), even if the PDSCH-to-HARQ-timing-indicator indicates a slot that falls outside the gNB-initiated COT.
	Not a solution if PDSCH-to-HARQ-timing-indicator can only indicate a single value

	Alt4: preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands
	Possible if this is combined with Alt1 or Alt2 or Alt3
	Possible for indicating multiple candidate PUCCH or PUSCH carrying HARQ-ACK feedback

	Alt5: preconfigured/pre-indicated multiple opportunities in time domain
	The UE will attempt reporting at the preconfigured/pre-indicated times and resources (e.g. in a UE-initiated channel occupancy)
	Alt5a: Multiple candidate opportunities by providing multiple timings in PDSCH-to-HARQ-timing-indicator and/or other DCI fields
Alt5b: Multiple candidate slots in a window with size configured by RRC. There could be some activation/deactivation by DCI



[bookmark: OLE_LINK7][bookmark: OLE_LINK9]A possible enhancement for dynamic HARQ codebook is to support a larger DAI field to accommodate for possibly missing more than 4 PDSCH transmissions, which is more likely to occur on unlicensed spectrum. Enhancements are necessary for aligning the dynamic HARQ codebook between UE and gNB. Alt. 1 in Table 7.2.1.3.3-1 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 in the table 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).



In case that the HARQ A/N has to be transmitted in a separate COT from the one the corresponding data was transmitted, actual resource/timing for the HARQ A/N transmission cannot be determined when the scheduling DCI for the data is transmitted. Therefore, instead of PDSCH-to-HARQ-timing indication or LBT mechanism indication, the scheduling DCI in this case should indicate that HARQ A/N has to be transmitted in a separate COT and resource/timing for the HARQ A/N transmission will be determined later. Otherwise, if the scheduling DCI indicates resource/timing for the HARQ A/N transmission outside the COT, it may not be available due to LBT failure. In addition, if the scheduling DCI indicates multiple candidate resources/timings for the HARQ A/N transmission outside the COT, it is inefficient since only one of them will be used for actual HARQ A/N transmission. Therefore, among potential solutions discussed during SI, we propose to support Alt.1: gNB requests/triggers feedback for PDSCH from earlier COT(s), as a mechanism for HARQ A/N transmission in a separate COT. Another DCI providing HARQ feedback timing and resource may also indicate explicit HARQ process IDs or HARQ process ID groups so that gNB can request/trigger missed or unreported HARQ feedback again.
Proposal 3: Following mechanism is supported for HARQ A/N transmission in a separate COT from the one the corresponding data was transmitted.
· The scheduling DCI indicates that HARQ A/N has to be transmitted in a separate COT and resource/timing for the HARQ A/N transmission will be determined later, instead of PDSCH-to-HARQ-timing indication and/or LBT mechanism indication.
· Another DCI in the same or in another COT provides exact HARQ feedback timing/resource and potentially corresponding HARQ process ID.

In order to align the dynamic HARQ codebook between UE and gNB, support of a larger DAI field to accommodate for possibly missing more than 4 PDSCH transmissions can be considered as agreed during SI. However, since NR supports wider CC bandwidth such as 100MHz as discussed in section 2.1, it is possible to use only a few number of DL CCs to cover wide unlicensed spectrum, different from LTE-LAA case. In such case, missing more than 4 PDSCH transmissions may not need to be considered, and semi-static HARQ codebook can be used even if missing more than 4 PDSCH transmissions is concerned. Therefore, we propose to not extend DAI field for NR-U in Rel-16.
Proposal 4: NR-U reuses Rel-15 design of downlink assignment index.


2.4	Scheduling of multiple TTIs for PUSCH
Regarding the scheduling of multiple TTIs for PUSCH, following is captured in the section 7.2.1.3.3 of TR38.889 [2].
	Scheduling multiple TTIs for PUSCH each using a separate UL grant in the same PDCCH monitoring occasion is identified as beneficial. Scheduling multiple TTIs for PUSCH, i.e., scheduling multiple TBs with different HARQ process IDs over multiple slots, using a single UL grant, is identified as beneficial and should be supported in NR-U.



Scheduling multiple TTIs for PUSCH using a single UL grant is supported in LTE-LAA, and it is beneficial to schedule PUSCH in UE-initiated COT since the single UL grant provides multiple possible PUSCH starting points. In other words, even when PUSCH transmission in the first scheduled slot is failed due to LBT busy, UE can try PUSCH transmission in the next scheduled slot without UL grant again.
[bookmark: _GoBack]On the other hand, although scheduling multiple TTIs for PUSCH each using a separate UL grant in the same PDCCH monitoring occasion can achieve same benefit for acquiring the UE-initiated COT, detecting multiple UL grant in the same PDCCH monitoring occasion would increase UE burden. 
Therefore, we propose to support the scheduling of multiple TTIs for PUSCH using a single UL grant for NR-U. Detailed UL grant design should be discussed once other contents necessary for UL grant in NR-U are identified.
Proposal 5: NR-U supports the scheduling of multiple TTIs for PUSCH using a single UL grant.


2.5	How to adjust the contention window size in case of CBG-based HARQ and LBT category 4
Regarding the CWS adjustment in case of CBG-based HARQ, following is captured in the section 7.2.1.3.3 of TR38.889 [2].
	In case of CBG-based HARQ and LBT category 4, enhancements for defining how to adjust the contention window size (CWS) based on TB-level HARQ-ACK and CBG-level HARQ-ACK would be beneficial.



The CWS adjustment based on HARQ feedback intends to take NACK due to possible collision into account for CWS adjustment. The collision here means that nodes that are closely located each other start transmission at the same time and provide strong interference each other until at least one of the nodes ends its transmission. TB-level HARQ-ACK would reflect such collision situation and CBG-level HARQ-ACK would not need to be considered for the CWS adjustment.
Proposal 6: NR-U supports the CWS adjustment based on TB-level HARQ ACK.


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: The channel access scheme for HARQ A/N transmission on PUCCH within a same shared COT is indicated in the scheduling DCI.
Proposal 2: NR-U reuses Rel-15 design of PDSCH-to-HARQ feedback timing indicator.
Proposal 3: Following mechanism is supported for HARQ A/N transmission in a separate COT from the one the corresponding data was transmitted.
· The scheduling DCI indicates that HARQ A/N has to be transmitted in a separate COT and resource/timing for the HARQ A/N transmission will be determined later, instead of PDSCH-to-HARQ-timing indication and/or LBT mechanism indication.
· Another DCI in the same or in another COT provides exact HARQ feedback timing/resource and potentially corresponding HARQ process ID.
Proposal 4: NR-U reuses Rel-15 design of downlink assignment index.
Proposal 5: NR-U supports the scheduling of multiple TTIs for PUSCH using a single UL grant.
Proposal 6: NR-U supports the CWS adjustment based on TB-level HARQ ACK.
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