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1 Introduction
A work item on NR-based access to unlicensed spectrum was agreed in RAN #82 meeting [1]. One objective of the work item is to specify HARQ enhancement to reduce the impact of LBT failure. For the HARQ-ACK feedback mechanism based on gNB triggering, both the HARQ-ACK feedback according to explicit HARQ process indication (Alt 1b) and relying on other information without explicit HARQ process indication (Alt 1a) are the candidate solutions. RAN1 made good progress on Alt 1a while there was limited discussion for Alt 1b. In this contribution, we discussed potential issues for Alt 1b.  
2 Discussion 
For Alt 1b, a set of HARQ processes groups can be semi-statically configured and gNB dynamically triggers HARQ-ACK feedback of one HARQ processes group in DCI. One extreme case is only one HARQ processes group consisting of all configured HARQ processes. 
Apparently, HARQ-ACK feedback for all PDSCHs in the HARQ processes group may lead to useless feedback for some PDSCHs. The HARQ processes group is semi-statically determined, the HARQ-ACK feedback for one HARQ processes group can only be triggered by DCI scheduling the PDSCH associated with the HARQ process in the same group. However, which HARQ processes to be scheduled in one COT may vary from COT to COT, depending on the traffic arrival, QoS and decoding result for each HARQ process. It is possible that gNB wants to schedule PDSCHs in consecutive slots associated with HARQ processes in different HARQ processes group. Consequently, gNB has to trigger HARQ-ACK feedback for these PDSCHs in different PUCCHs. When a UE is configured with more than one DL serving cell, the UCI transmission efficiency is further degraded. It is more likely that scheduled PDSCHs on different DL CCs do not necessarily belong to the same HARQ processes group, considering the HARQ procedure is independently maintained for each CC. As a result, gNB has to assign separate PUCCHs if the HARQ processes group of multiple DL CCs is different. For example, assuming 2 DL CCs, 4 HARQ processes group with HARQ processes 0~3, 4~7, 8~11 and 12~ 15 respectively for each DL CC. In one COT, gNB schedules PDSCHs with HARQ process 0~2 and 4 for CC1, HARQ process 0, 10, 12~13 for CC2. Then, 4 PUCCHs are needed for HARQ-ACK feedback of all scheduled PDSCHs, and there are only few valid HARQ-ACK bits in each PUCCH (valid HARQ-ACK bits are coloured blocks, and useless HARQ-ACK bits are blanked blocks in the figure). If only one PUCCH for HARQ-ACK per slot is allowed as in Rel-15, it requires 4 UL slots for HARQ-ACK feedback. Then, if there are limited UL slots within the gNB initiated COT, UE has to perform Cat-4 LBT to transmit PUCCHs outside COT, e.g. UL 3 and UL4.


Figure 1                               
To avoid excessive number of PUCCHs shown in Figure 1, HARQ-ACK feedback for all HARQ processes can be considered. Then, only one PUCCH is needed for all PDSCHs over single or multiple DL CCs regardless which HARQ processes are scheduled. However, the number of PUCCHs is reduced at the cost of much larger number of UCI bits per PUCCH, i.e. (number of configured DL CCs) × (number of configured HARQ processes). 
Observation 1: HARQ process group based HARQ-ACK feedback restricts scheduling flexibility or leads to poor UCI efficiency. 
Comparing with dynamic codebook based on Alt 1a, it seems HARQ process group based HARQ-ACK saves DCI payload and also a much simpler codebook design, with the assumption that HARQ-ACK bit in the codebook is simply determined by HARQ process index (DL assignment anyway includes HARQ process index) thus no additional bit is needed to aid the detection of any HARQ-ACK codebook ambiguity. It is true that the number of HARQ-ACK bits and bit ordering is determined by the indicated HARQ processes without ambiguity, but HARQ-ACK value ambiguity may happen without the assist information from gNB.     
Similar to HARQ-ACK value determination for PUSCH in FeLAA DFI, it seems natural to set the default value NACK for a given HARQ process after UE transmits HARQ-ACK previously. Unfortunately, HARQ-ACK value ambiguity (ACK-to-NACK error) happens when a UE previously transmitted HARQ-ACK but gNB miss-detected it. In FeLAA, such ACK-to-NACK error does not degrade UL transmission efficiency if eNB schedules a new transmission with toggled NDI in UL grant. But for NR-U DL transmission, gNB can only schedule the retransmission of all PDSCHs with NACK even though UE has already correctly decoded some of these PDSCHs. In Figure 2, UE transmits HARQ-ACK for HARQ process #0 but gNB miss-detects it, and UE fails to transmit HARQ-ACK for HARQ process #1 due to LBT failure. Upon the reception of triggering indication, UE transmits HARQ-ACK for all HARQ processes with NAAA. Therefore, gNB can not obtain the real HARQ-ACK value of HARQ process #0.


Figure 2                               
Alternatively, HARQ-ACK value determination that a UE reports the actual HARQ-ACK result of the latest received PDSCH of a triggered HARQ process can help gNB to recover valid HARQ-ACK result missed by gNB. However, if UE miss-detects the new PDSCH and reports the ACK of previous received PDSCH associated with the same HARQ process ID, DTX-to-ACK error happens. As shown in Figure 3, UE reports ACK for HARQ process #0 with TB1, but gNB assumes ACK for HARQ process #0 with TB2, thus TB2 can only be recovered by higher-layer ARQ.   


Figure 3  
To resolve the above error cases, the assist information to determine which HARQ-ACKs gNB has not correctly received should be indicated to UE. Similar as Alt 1a, gNB can indicate whether one PUCCH needs to be retransmitted by PDSCH group set or reset indication. For example, if the reset indicator is toggled, default NACK is reported for a HARQ process without receiving a new PDSCH. Otherwise, the UE reports the actual HARQ-ACK for a HARQ process. 
In some scenarios, the number of assist information bits is almost the same as Alt 1a. As shown in Figure 4, assuming totally 4 HARQ processes, gNB schedules 3 PDSCHs with HARQ process 0~2 triggering all HARQ process feedback in UL1, gNB schedules PDSCH 4 with HARQ process 3 triggering all HARQ process feedback in UL 2, and gNB schedules PDSCH 5/6 with HARQ process 1 and 2 triggering all HARQ process feedback in UL 3, respectively. If there is only 1 bit reset indication, gNB is incapable of indicating which PUCCH (UL 1 or 2) has been received. Similar issue was identified during the discussion of Alt 1a with the consensus of maintaining separate reset indication per PDSCH group. Because option 2 only triggers HARQ-ACK feedback for one PDSCH group once, it is sufficient to only indicate the reset indication for the triggered PDSCH group. But for all HARQ process based feedback, HARQ-ACK codebook includes HARQ processes from different PDSCH groups, e.g., HARQ process 0 from PDSCH group1, HARQ process 3 from PDSCH group 2 and HARQ process 1/2 from PDSCH group 3. Therefore, the reset indication per PDSCH group or per HARQ process is needed. Table 1 compares the total number of bits to resolve HARQ-ACK ambiguity for Alt 1a and Alt 1b. Alt 1b only saves 1 bit. 


Figure 4  
Table 1 Number of bits in DCI to avoid HARQ-ACK ambiguity 
	All HARQ process based feedback (Alt 1b)
	Alt 1a option 2

	PDSCH group index: 2 bits for up to 4 PDSCH groups
	PDSCH group index: 2 bits for up to 4 PDSCH groups

	Reset indicator: 1 bit per PDSCH group, totally 4 bits for 4 PDSCH groups
	Reset indicator: 1 bit for the triggered PDSCH group

	
	C-DAI: 2 bits

	
	T-DAI: 2 bits

	Total number: 6 bits
	Total number: 7 bits



Observation 2: HARQ process group based HARQ-ACK feedback provides marginal DCI overhead reduction. 
Considering the benefit of all HARQ process based feedback is valid only if HARQ-ACK of a large number of PDSCHs is pended, it seems reasonable to combine Alt 1a and Alt 1b wherein Alt 1a works in a normal state and Alt 1b works as a fallback solution. For example, gNB triggers Alt 1a HARQ-ACK feedback by DL assignment and Alt 1b can be triggered by a dedicated DCI. However, with a dedicated DCI, it requires additional DCI overhead other than the DL assignment scheduling PDSCHs. If UE miss-detects this dedicated DCI, the HARQ-ACK feedback for all PDSCHs is dropped. Alternatively, both Alt 1a and Alt 1b can be triggered by DL assignment. In that case, the DCI payload is determined by the maximum number of bits for both alternatives, which means unnecessary redundant bits are always transmitted in each DL assignment. 
Based on the analysis above, no clear benefit of HARQ process group based feedback over alternative 1a is observed.  
Proposal: NR-U does not support HARQ process group based feedback.

3 Conclusions
The proposals and observations made in this contribution are summarized below:
Observation 1: HARQ process group based HARQ-ACK feedback restricts scheduling flexibility or leads to poor UCI efficiency. 
Observation 2: HARQ process group based HARQ-ACK feedback provides marginal DCI overhead reduction. 
Proposal: NR-U does not support HARQ process group based feedback.
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