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Background
In RAN#82 meeting the following agreements were made for HARQ feedback timing in WID [1].
	Agreement: 
· 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 another COT;



In this contribution we present our views on HARQ enhancement for NR-U operation.
 
Discussions
Multiple HARQ-ACK feedback opportunities in the same shared COT
The issue of multiple HARQ-ACK feedback opportunities in the same shared COT is studied in NR-U SI phase and summarized as following in the TR38.889 [2].

	Text from TR38.889
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.
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.
…
-  Alt 4: preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands
-  Alt 5: preconfigured/pre-indicated multiple opportunities in time domain
· 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



In NR-U cells, HARQ-ACK feedback probably cannot be successfully delivered to gNB at the indicated timing, since the HARQ-ACK transmission has to be subjected to LBT. In order to increase the probability of successful delivery of HARQ-ACK feedback with low latency, it is beneficial to support method(s) of creating multiple HARQ-ACK feedback opportunities in the same shared COT, in time domain and/or frequency domain.
· Alt4: In order to use multiple HARQ-ACK feedback opportunities in frequency domain, there are still issues that have to be solved first. For example, multiple frequency resources (BWPs or LBT subbands or carriers) might be found available after UE performs LBT procedure. If multiple frequency resources are used for HARQ-ACK feedback transmission, then problems of transmission power or PAPR have to be further considered. While if only one frequency resource is used for HARQ-ACK feedback transmission, additional processing on determining which frequency opportunity to be used becomes necessary.
· Alt5: With multiple HARQ-ACK feedback opportunities in time domain, when UE misses a HARQ-ACK feedback opportunity due to LBT failure, UE can continue to try the next opportunity, rather than giving up the HARQ-ACK feedback transmission within the COT.

Proposal 1: 
· Method(s) of creating multiple HARQ-ACK feedback opportunities in time domain within the same shared COT should be supported.

As illustrated in Figure 1, with Alt5a multiple timings are provided (reserved) by PDSCH-to-HARQ-timing-indicator and/or other DCI fields. For the HARQ-ACK feedback corresponding to PDSCH1, UE cannot use timing 1A due to LBT failure, then UE continues to perform LBT procedure and successfully transmit PUCCH1 at timing 1B. However, for the HARQ-ACK feedback corresponding to PDSCH2, UE directly transmits PUCCH2 at timing 2A without LBT failure. In this case, the reserved timing 2B is not used by this UE and cannot be used by other UEs, thus resulting in resource waste. In Alt5b as shown in Figure 2, UE is configured with time windows for HARQ-ACK feedback transmission. Similarly, the remained window size (the gray portion) after UE seizes the channel by LBT procedure and transmits the HARQ-ACK feedback is not efficiently utilized. Thus, it is natural to consider how to efficiently utilize each time window for multiple PDSCHs (rather than reserved for only one PDSCH) in order to alleviate the resource waste.
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Figure 1: Illustration of multiple candidate opportunities by providing multiple timings (Alt5a)
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Figure 2: Illustration of multiple opportunities by configuring a time window (Alt5b)

Before introducing our proposal on multiple HARQ-ACK opportunities in each time window, the mechanism of semi-static HARQ-ACK is explained with the following example. As shown in Figure 3, PUCCH1 carrying HARQ-ACK codebook1 is indicated by the DCI scheduling PDSCH1, while PUCCH2 carrying HARQ-ACK codebook2 is indicated by the DCI scheduling PDSCH2. With Release 15 semi-static HARQ-ACK method, the size of HARQ-ACK codebooks is firstly determined based on configurations of PDSCH-to-HARQ-timing-indicator K1 and PDSCH. When UE generates HARQ-ACK codebooks, the HARQ-ACK bit in HARQ-ACK codebook1 corresponding to PDSCH1 is enabled and the HARQ-ACK bit in HARQ-ACK codebook2 corresponding to PDSCH1 is disabled (i.e., set to ‘NACK’). Similarly, the HARQ-ACK bit in HARQ-ACK codebook2 corresponding to PDSCH2 is enabled and the HARQ-ACK bit in HARQ-ACK codebook1 corresponding to PDSCH2 is disabled.
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Figure 3: Illustration of semi-static HARQ-ACK codebook

In order to solve the resource efficiency problem in Alt5a and Alt5b, a method of creating multiple HARQ-ACK feedback opportunities in each time window during semi-static HARQ-ACK codebook generation can be considered. As shown in Figure 4, since potential multiple HARQ-ACK feedback opportunities already exist within the time window corresponding to each PDSCH, it is beneficial to exploit the disabled HARQ-ACK bits to create additional HARQ-ACK feedback opportunities. For example, enable the HARQ-ACK bit in HARQ-ACK codebook2 corresponding to PDSCH1 and enable the HARQ-ACK bit in HARQ-ACK codebook1 corresponding to PDSCH2. Since originally both PUCCH1 and PUCCH2 are supposed to be transmitted, it can be seen that additional HARQ-ACK feedback opportunities are created for both PDSCH1 and PDSCH2 without any additional resources. Consider that the transmission of HARQ-ACK codebook1 via PUCCH1 is not possible due to LBT failure but HARQ-ACK codebook2 via PUCCH2 can be transmitted, then the HARQ-ACK feedback for PDSCH1 is still delivered.
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Figure 4: Illustration of multiple opportunities by enhancing semi-static HARQ-ACK codebook


Proposal 2: 
· A method of creating multiple HARQ-ACK feedback opportunities in time domain by enhancing the semi-static HARQ-ACK codebook should be supported.

Cross-COT HARQ-ACK feedback
The issue of cross-COT HARQ-ACK feedback is studied in NR-U SI phase and summarized as following in the TR38.889 [2].

	Text from TR38.889
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.
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.



It is understood that cross-COT HARQ-ACK feedback mechanism is necessary. Several alternations on implementing the mechanism exist as summarized above. With Alt1, gNB can flexibly trigger the HARQ-ACK feedback for PDSCH either from earlier COT(s) or in the same shared COT, at the cost of additional downlink controlling overhead. On the contrary, Alt2 and Alt3 do not require additional downlink controlling overhead but are lack of flexibility. Due to the uncertain time spent during the LBT procedure, gNB is not able to know the exact available HARQ-ACK feedback timing a priori. For Alt3, the Release15 PDSCH-to-HARQ-timing-indicator is not sufficient for cross-COT indication, since the gap between COTs is uncertain. Furthermore, the PDSCH-to-HARQ-timing-indicator needs to be enhanced to be able to indicate multiple HARQ-ACK feedback opportunities. Hence, it is beneficial to support Alt1 owing to the flexibility and possibility of triggering multiple HARQ-ACK feedback opportunities.

Proposal 3: 
· For cross-COT HARQ-ACK feedback, at least Alt1 (trigger-based method) can be supported.
Conclusion
In this contribution we present our views on HARQ enhancement for NR-U operation, and we make the following proposals and observations:

Proposal 1: 
· Method(s) of creating multiple HARQ-ACK feedback opportunities in the same shared COT should be supported.
Proposal 2: 
· A method of creating multiple HARQ-ACK feedback opportunities in time domain by enhancing the semi-static HARQ-ACK codebook should be supported.
Proposal 3: 
· For cross-COT HARQ-ACK feedback, at least Alt1 (trigger-based method) can be supported.
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