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Introduction
During the RAN1 AH 1901 meeting, HARQ enhancements was discussed and the following agreements were reached regarding the K1 values for NR-U: 
	Agreement:
· RRC parameter dl-DataToUL-ACK supports a value that can be signaled by PDSCH-to-HARQ-timing-indicator, which indicates that the UE needs to store the HARQ A/N feedback result for the corresponding PDSCH, and which does not provide any timing for the transmission of this HARQ A/N feedback result

Conclusion:
· No additional value of K1 signaled by PDSCH-to-HARQ-timing-indicator needs to be introduced for the purpose of requesting feedback outside the COT (i.e. Alt3 in TR38.889 section 7.2.1.3.3)
· Further discuss the details for determining the LBT type for the UE transmission of HARQ A/N feedback for this case
· Further discuss whether additional values need to be introduced for the purpose of requesting feedback inside the COT
· If additional values are introduced these can also be used for requesting feedback outside the COT
· Note: This does not necessitate that the UE needs to know whether the feedback is inside or outside the COT at the time when the feedback is requested



Furthermore, to enable multiple opportunities for HARQ A/N the following were agreed: 
	Agreement:
For enabling multiple opportunities for HARQ A/N transmission and for cross-COT HARQ-ACK feedback, at least the following is supported:
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)



In this contribution, we further discuss HARQ procedure enhancements for NR-U and multi-TTI grants. 

Enhancements to HARQ Procedure
During the last RAN1 AH meeting, enhancing HARQ protocol for NR-U was discussed and an important agreement was reached. Basically, it is supported in NR-U to indicate to a UE to not transmit a HARQ A/N bit for the corresponding PDSCH, and rather store the A/N value in the buffer. Furthermore, it is supported that the gNB can request the HARQ A/N from earlier COT transmission(s) the HARQ feedback, where the timing and resource is provided in a different DCI. Such solution can be used in the case a gNB does not detect the PUCCH correctly due to e.g. collision or LBT failure at UE, by giving another chance to the UE to transmit or retransmit the PUCCH by assigning a supplemental PUCCH resource. For instance, it may happen that the gNB does not detect an expected PUCCH twice or more in a row which leaves the UE to aggregate HARQ feedback of several PDSCH resources (see example in Figure 2). Furthermore, for the downlink transmissions occurred in the last slots/symbols of gNB initiated COT, disabling the HARQ feedback for possibly next COT is also is now adopted with the current agreement. 
In our view, multiple HARQ-ACK feedbacks can be aggregated within the same HARQ-ACK codebook. For example, the gNB can request the HARQ-ACK of the stored A/N feedbacks and the failed PUCCH transmissions using the same DCI.


Figure 2: UE aggregates HARQ feedback of the previous COT and the current COT

Proposal 1: Support triggering multiple HARQ-ACK feedbacks with a single DCI in NR-U.
One option to trigger the HARQ-ACK feedback of multiple transmissions could be to use the HARQ processes IDs. The gNB can send a DCI containing a bitmap of all the configured HARQ IDs and requests a sub-set of the processes. A drawback of this option is the signaling overhead. For example, in case the UE is configured with 16 HARQ processes, 16 bits are needed to indicate for which HARQ ID A/N is requested. Another option is to reuse the dynamic HARQ codebook supported in NR with some enhancements. Dynamic codebook allows the gNB to dynamically indicate the number of HARQ-ACKs by using counter DAI and total DAI. One potential enhancement is to use HARQ-ACK codebook process, where the UE maintains multiple HARQ codebooks on its buffer and associates an A/N of TB based on the gNB indication. Such HARQ codebook process can be requested for transmission by the gNB using a DCI that gives a PUCCH resource as well as HARQ timing indication. 
Proposal 2: Dynamic HARQ codebook should be enhanced to support aggregation of multiple HARQ-ACK feedbacks in NR-U. 
· Consider a UE buffering multiple HARQ-ACK codebook processes.
CWS and CBG Level HARQ ACK Transmission
[bookmark: _GoBack]Traditionally, contention window size (CWS) is adjusted based on the acknowledgement. For example, if a positive acknowledgement is received, then the CWS may be reset to the minimum value and if a negative acknowledgement is received, or no acknowledgement is received within certain period, the CWS may be double or set to the maximum value. The purpose of CWS adjustment is to increase the listen interval when the network is dense and thus reduce the collision probability. In LAA, if a predefined percent of HARQ ACK values corresponding to PDSCH transmissions in a reference subframe k or within a period are determined as NACK, then CWS is increased to the next level otherwise it is reset to the minimum value. 
With CBG level transmissions introduced in NR, a TB may have one or more CBGs, and each CBG may has its own acknowledgement bit. It is possible to receive both positive and negative acknowledgement for CBGs within a TB. In case LTE LAA TB-based CWS adjustment procedure is adopted in NR-U, we need to clarify the definition of TB ACK/NACK to be used in CWS adjustment when both TB and CBG level acknowledgements are received. If TB level acknowledgement is ACK and all CBG level acknowledgements are ACK, then TB is considered as ACK. If TB level acknowledgement is NACK and all CBG level acknowledgements are NACK, then TB is considered as NACK. A difficult case is that TB level acknowledgement is NACK and one or more CBG acknowledgements are ACK. In this case the TB transmission failure may be due to collision or low SNR. In the case of collision increasing the CWS value should be considered, while in the case of low SNR the CWS value may need not be increased. A further study to evaluate the statistics of transmission failure in this case should be done.
Alternatively, a CBG based CWS adjustment procedure may be used in NR-U. For example, a predefined percentage of HARQ ACK values corresponding to CBG transmissions in reference slot may be used as a criteria to adjust the CWS levels. A TB level transmission may be treated as a single CBG transmission.
Proposal 3: NR-U should consider enhancements to the CWS adjustment procedure considering the CBG-level A/N.
LBT and CWS Adjustment for PUCCH Transmission
Given the latest RAN1 agreements, it is possible that a UE receives a PDSCH-to-HARQ-timing indication outside of the current COT. While a gNB cannot extend the COT duration beyond MCOT, a UE, like any other device that operates in the unlicensed band, can still try to access the channel after performing appropriate LBT procedure. If the PDSCH-to-HARQ-timing indicates that the scheduled PUCCH is longer than 25µs after the COT, then the UE may have to invoke a more robust LBT category such as Cat-3 or Cat-4, otherwise the UE should be allowed to transmit the PUCCH after LBT Cat-1 or Cat-2.
In case the UE fails to access the channel, the UE needs to wait for channel being available again and retransmits in the next opportunity. Normally, with a failed transmission, a device may need to increase the contention window size so that a larger random back off value may be drawn for next transmission. However, this will introduce a delayed acknowledgement transmission which causes delayed data transmission. If such events happen consecutively, e.g., in a densely populated unlicensed channel, a UE may have to aggregate HARQ feedback several consecutive TBs.
The problem is more significant when aggregated HARQ ACK transmissions for more than one PDSCHs are allowed. It has been agreed that NR-U considers mechanisms to support multiplexing of HARQ feedback for one or more DL HARQ processes. In that case, a UE may have accumulated acknowledgements for multiple PDSCHs to transmit. It is possible that the UE may have a large CWS after several transmission failures in a densely deployed system, causing the accumulated acknowledgements to be delayed significantly. If this happens it seems logical to prioritize the accumulated HARQ codebook. One remedy is to let a UE in such condition to access the channel with a high-priority LBT procedure so that the UE gets to deliver the accumulated HARQ codebook as soon as possible. This includes either using a higher-priority LBT or allowing proper CWS adjustment to shorten the listen interval.
Proposal 4: If a UE has accumulated HARQ feedback for several preceding PDSCHs, the UE should be allowed: a) to prioritize PUCCH transmission carrying HARQ ACK codebook in CWS procedure, or b) to transmit PUCCH with a higher-priority LBT category.  
Multi-TTI grants
To improve COT usage efficiency, it was agreed during the SI that “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” [2].
Rather than requiring multiple DL slots for multiple UL grants, allowing multiple grants in a PDCCH monitoring occasion reduces the amount of resources of a COT used for scheduling UEs. This can improve COT usage efficiency and reduce the need for cross-COT scheduling.
In RAN1 #95, the feature lead summary provides the following alternatives:
· Scheme 1 (already agreed): for scheduling multiple TTIs for PUSCH using a single UL grant:
· Scheme 1a: same TB
· One TB rate-matched across all TTIs.
· Same TB with different RV in different TTIs (as in Rel-15 NR)
· Scheme 1b: different TBs
· Scheme 2 (identified as beneficial): Scheduling multiple TTIs with different TBs for PUSCH using multiple UL grants in the same PDCCH monitoring occasion
· Scheme 3: for scheduling multiple TTIs for PDSCH using a single DL assignment
· Scheme 3a: same TB (supported in Rel-15)
· Scheme 3b: different TBs.

If Scheme 1 is used for different TBs, the DCI will have to be modified to indicate a set of HARQ processes and a set of NDIs. This could require an unreasonable increase in the DCI payload. Therefore, it would make sense for the UE to determine the set of HARQ processes without explicit signalling of all applicable HARQ process IDs.
Proposal 5: The UE determines the HARQ Process ID(s) applicable to TB(s) transmitted part of a multi-TTI grant without requiring explicit indication of more than one HARQ process ID in the UL grant.
Another issue to consider for multi-TTI scheduling is the LBT. Depending on whether the PUSCH transmissions are adjacent or not, the UE may need to perform LBT prior to some or each of the PUSCH transmissions. Furthermore, even for adjacent TTIs, the UE may need to perform LBT prior to a TTI as a function of the successful transmission of an immediately preceding PUSCH. Lastly, we should discuss the UE behaviour when the channel is only acquired for a subset of the multi-TTIs.
Summary
In this contribution, we discussed some enhancements to HARQ NR procedure to counter events unique to operation in unlicensed bands. In the following, above-discussed proposals are listed:
Proposal 1: Support triggering multiple HARQ-ACK feedbacks with a single DCI in NR-U.
Proposal 2: Dynamic HARQ codebook should be enhanced to support aggregation of multiple HARQ-ACK feedbacks in NR-U. 
· Consider a UE buffering multiple HARQ-ACK codebook processes.
Proposal 3: NR-U should consider enhancements to the CWS adjustment procedure considering the CBG-level A/N.
Proposal 4: If a UE has accumulated HARQ feedback for several preceding PDSCHs, the UE should be allowed: a) to prioritize PUCCH transmission carrying HARQ ACK codebook in CWS procedure, or b) to transmit PUCCH with a higher-priority LBT category.  
Proposal 5: The UE determines the HARQ Process ID(s) applicable to TB(s) transmitted part of a multi-TTI grant without requiring explicit indication of more than one HARQ process ID in the UL grant.
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