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Introduction 
In RAN1 #93, the following agreement was made [1]: 
	Agreement:
· Transmission of HARQ A/N for the corresponding data in the same shared COT is identified as beneficial
· Strive 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
· Mechanisms to support this need to be identified
· 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
· Mechanisms to support this need to be identified
Agreement:
· 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
Agreement:
· NR-U uses NR HARQ feedback mechanisms as baseline, and enhancements can be identified
· 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




Based on the above agreements, we will discuss the following issues in this contribution:
· HARQ-ACK transmission in same shared COT and separate COT
· Multiple transmission opportunities for HARQ-ACK
· Enhancements on dynamic HARQ-ACK mechanism 
Discussion
In Licensed Assist Access (LAA), due to the absence of Physical Uplink Control Channel (PUCCH) on an unlicensed band and mandatory presence of a licensed primary cell, HARQ-ACK is delivered on the licensed cell. However, in NR-Unlicensed (NR-U), when dual connectivity between licensed cell and NR-U or stand-alone NR-U is deployed, HARQ-ACK will be delivered on the unlicensed cell. 
NR supports fairly flexible HARQ-ACK timing for dynamic frame structures and possibly to aggregate multiple HARQ processes in one HARQ-ACK transmission. HARQ-ACK for any particular HARQ process has one transmission opportunity, where the slot timing between PDSCH and the time resource for acknowledgement is determined based on the PDSCH-to-HARQ-timing-indicator. However, in unlicensed spectrum, it is difficult to guarantee a transmission opportunity at a fixed time when the transmission is subject to Listen-before-Talk (LBT), which causes a critical issue that the UE may fail to perform the HARQ-ACK transmission in the predefined time resource. Due to the one-to-one association between PDSCH and corresponding transmission opportunity, if the UE fails to transmit the HARQ-ACK on the predefined time resource upon a LBT failure, all the corresponding PDSCHs will be assumed NACK and retransmitted. The increased HARQ retransmissions make resource utilization inefficient and also causes unnecessary channel contention.
HARQ-ACK transmission in same shared COT and separate COT
Due to uncertainty in channel access, the duration between the current shared COT and the next separate COT reserved by the gNB or the UE is non-deterministic, which is conflict with the deterministic HARQ-ACK timing supported in NR. Therefore, we believe that it is highly beneficial to maximize the chances that all the HARQ-ACK transmissions are self-contained within the same shared COT to avoid additional complexity and ambiguity for the UE and gNB. To keep the HARQ-ACK transmissions self-contained while providing the UE reasonable processing time, the frame structure of a shared COT may be carefully designed. 
Proposal 1: The frame structure of a shared COT may be carefully designed to maximize the chances that all the HARQ-ACK transmissions are self-contained.
In some cases, for example due to UE capability limitation, the HARQ-ACK has to be transmitted in a separate COT than the COT the downlink data has been received. NR-U therefore should discuss how to handle that multiple HARQ processes for a same HARQ transmission may be distributed in different COTs. 
Multiple transmission opportunities for HARQ-ACK 
Even all the HARQ-ACK transmissions are self-contained within the same shared COT, aggressive LBT (one-shot LBT) may be still necessary for switches from DL to UL for fulfilling some regulatory requirements. Moreover, on an unlicensed band, there is always risk that HARQ-ACK is corrupted by hidden node transmission. Thus, multiple HARQ-ACK transmission opportunities for a given HARQ process should be supported and studied in NR-U to make the system more robust to LBT related failures and hidden node interference.
Proposal 2: To guarantee the transmission and mitigate the issue of PUCCH misdetection, provide multiple transmission opportunities for HARQ-ACK should be supported in NR-U operation.
To provide multiple transmission opportunities for HARQ-ACK, the following mechanisms could be considered:

· Opportunistic HARQ-ACK transmission
If a HARQ-ACK for given HARQ processes is failed to be transmitted in the predefined time resource due to LBT failure, this HARQ-ACK is included in the next available HARQ-ACK transmission for other HARQ processes. This mechanism provides the UE with another opportunities to send the HARQ-ACK. However, we have some concerns related to this alternative. First, opportunistic HARQ-ACK transmission is not capable to mitigate the issue of PUCCH misdetection. While PUCCH misdetection on a licensed band is unlikely, it is highly likely to happen on an unlicensed band due to interfering transmission from hidden nodes. Second, since the payload size for each subsequent HARQ-ACK transmission may be increased due to the aggregated HARQ-ACK information bits, how to efficiently allocate resources or design HARQ-ACK codebooks should be further studied. Third, opportunistic HARQ-ACK transmission may cause misalignment between the expected codebook size by the gNB and the actual one reported by the UE.



Figure 1. Example of opportunistic HARQ-ACK transmission.
As illustrated in Figure 1, both transmission opportunities for the HARQ-ACKs of {PDSCH1, PDSCH2} and {PDSCH3} are blocked by LBT failures, and the transmission opportunity for the HARQ-ACK of {PDSCH4} is available. In this case, the HARQ-ACKs of {PDSCH1, PDSCH2} and {PDSCH3} can be deferred to the transmission opportunity for the HARQ-ACK of {PDSCH4}. Due to the miss of PDCCH detection, no HARQ-ACK information bit will be delivered for {PDSCH3}. As a result, an aggregated codebook {ACK, NACK, ACK} will be reported in the last transmission opportunity by the UE. However, this HARQ-ACK may cause ambiguity because the gNB cannot correctly interpret the last HARQ-ACK information bit in the codebook. To avoid such misalignment, the DAI mechanisms used in LTE/NR is good a starting point.
Proposal 3: The size of HARQ feedback codebook expected by the gNB and the one reported by the UE should be always aligned. To avoid misalignment, the DAI mechanisms can be considered as a starting point.

· Trigger-based HARQ-ACK transmission
The gNB may trigger transmission of HARQ-ACK for one or multiple HARQ processes on a given time resource. Compared to opportunistic HARQ-ACK transmission, trigger-based HARQ-ACK transmission has certain associations between HARQ-ACK information bits and corresponding HARQ processes to avoid misalignment. To achieve this, however, the trigger should explicitly or implicitly indicate HARQ process IDs, which will possibly cause high PDCCH overhead. On the other hand, if trigger-based HARQ-ACK transmission is supported in NR-U, dynamic and semi-static HARQ-ACK mechanisms supported by NR will become redundant.

· PUCCH transmission window in time domain and frequency domain
To increase the chance of a HARQ-ACK transmission as it will/should be subject to LBT before transmission, it may be desirable to introduce a concept of PUCCH transmission window for this HARQ-ACK transmission. Instead of indicating only one slot for a PUCCH transmission, a window with multiple consecutive slots for a PUCCH transmission allows the UE to perform multiple LBT attempts until it succeeds. In addition to increase the chance of a PUCCH transmission in time domain, it may also be desirable to introduce PUCCH transmission window in frequency domain. In NR-U, the UE can be configured to operate multiple 20 MHz channels in unlicensed spectrum. Thus, the gNB can indicate a set of frequency-domain PUCCH resources distributed across the multiple unlicensed channels for a PUCCH transmission. Then, UE performs subband LBTs for each unlicensed channel, and selects the available PUCCH resource to transmit the HARQ-ACK codebook. Whereas, the gNB may detect the PUCCH on the multiple allocated resources blindly.

Enhancements on dynamic HARQ-ACK mechanism
In a dynamic HARQ-ACK mechanism, the HARQ-ACK codebook size is determined based on the number of actually received DCIs pointing to the same HARQ-ACK transmission. To align the codebook sizes determined by the UE and the gNB for each HARQ-ACK transmission, the DAI mechanism is introduced. The DAI value in the DL scheduling DCI indicates the accumulative number of the downlink assignments pointing to the same HARQ-ACK transmission. If difference between the DAI value in current received DCI and the DAI value in earlier received DCI is more than 1, it implies the PDCCH misdetection(s). However, because the DAI value in NR Rel-15 is only two bits, if the UE missed four or more PDSCH transmissions, the UE will not be aware of the PDCCH misdetection(s), and therefore it will cause the ambiguity between UE and gNB when they determining the number of bits of HARQ-ACK information. While missing four or more consecutive PDCCH on a licensed band is unlikely, it is likely to happen on an unlicensed band due to collisions from hidden nodes. 
[bookmark: _GoBack]In addition, in NR-U operation, as we discussed previously, it is difficult to guarantee a HARQ-ACK transmission at a fixed time when the transmission is subject to LBT. Although NR provides flexible and dynamical HARQ-ACK timing indication between PDSCH and corresponding HARQ-ACK transmission, it may not be efficient and desirable when the mapping is not one-to-one or not deterministic in the unlicensed band.

Proposal 4: Consider larger DAI field in DCI for scheduling PDSCH on unlicensed band.
Proposal 5: Study possible enhancements to enable more flexible and efficient HARQ-ACK timing control in NR-U.
Conclusion
In this contribution, potential enhancements on HARQ for unlicensed operation were discussed. Based on the discussion, the following observations and proposals were made:
Proposal 1: The frame structure of a shared COT may be carefully designed to maximize the chances that all the HARQ-ACK transmissions are self-contained.
Proposal 2: To guarantee the transmission and mitigate the issue of PUCCH misdetection, provide multiple transmission opportunities for HARQ-ACK should be supported in NR-U.
Proposal 3: The size of HARQ feedback codebook expected by the gNB and the one reported by the UE should be always aligned. To avoid misalignment, the DAI mechanisms can be considered as a starting point.
Proposal 4: Consider larger DAI field in DCI for scheduling PDSCH on unlicensed band.
Proposal 5: Study possible enhancements to enable more flexible and efficient HARQ-ACK timing control in NR-U.
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