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1. Introduction
During RAN plenary #78, the release 15 NR specifications supporting licensed band operation were approved. Before that a NR Study Item [1] dealing with NR-based access to unlicensed spectrum has been approved in RAN plenary #75. In this contribution, we consider potential changes and enhancements needed for HARQ feedback and scheduling for NR unlicensed scenarios. Good progress was achieved in RAN1#92bis [2] and RAN1#93 [3] with following agreements: 
Agreement: [2]
· NR-U supports both Type-A and Type-B mapping already supported in NR 
· Additional starting positions and durations are not precluded
· For sub-7 GHz, NR-U study the SCSs, 15/30/60KHz
· Study performance difference between different SCS
· Study if changes to UL design are needed to meet the PSD and OCB requirements
· Study if an SS block design/RMSI/OSI with 60KHz SCS is needed 
· Impact on MIB and SIB1 content 
· Need for use of ECP for 60KHz
· RACH design with 60KHz SCS in addition to options currently part of NR
· Other considerations are not precluded. 
· Impact on support of different BWs with different SCS
· Study supporting more than one switching points within a TxOP
· FFS the LBT requirement for each DL/UL data/control burst in the TxOP.
Agreement: [3]
· 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: [3]
· 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: [3]
· 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
 Agreement: [3]
· 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 using a single UL grant is identified as beneficial and should be supported in NR-U
2. Discussion
2.1 UL scheduling
NR unlicensed can be expected to be deployed on small cells due to limitations on the total transmission power as well as on the allowed EIRP. In a small cell, frequently there may be only few UEs active at a time. This means that variations on the DL / UL traffic ratio can be expected to be large to the extent that occasionally a cell may serve effectively only UL traffic or only DL traffic. 
In RAN1#92bis [2], it was agreed to study the support for more than one switching point within a COT. Efficient support for COT with a single switching point needs also to be investigated. Single switching point per COT together with only few scheduled UEs can lead to COT with short DL portion and long contiguous UL portion with each UE scheduled with multiple PUSCHs in the consecutive slots. To facilitate for example such situations, it was agreed on RAN1#93 that scheduling multiple TTIs for PUSCH in a single PDCCH monitoring occasion, either by using multiple separate UL grants or with single multi-slot UL grant is beneficial, and at least multi-slot UL grant should be supported in NR-U. 
When considering the scheduling of LAA uplink, the SI considers also the LAA case of carrier aggregation with a NR cell on the licensed band. In such case, cross-carrier scheduling of unlicensed-band PUSCH from a licensed-band NR cell offers clear benefits, as the inherent uncertainties of unlicensed access do not affect PDCCH but are limited only to actual PUSCH transmission and reception. Hence, we see that UL cross-carrier scheduling from a licensed-band NR cell should be supported in NR unlicensed. In the case of NR LAA, the licensed band scheduling carrier may use lower SCS than the unlicensed band scheduled carrier. It was identified during Rel-15 NR WI that multi-slot scheduling would be beneficial for cross-numerology scheduling from low SCS to high SCS. Hence, we propose that NR-U multi-slot scheduling supports also cross-numerology scheduling across carriers. Further, when investigating multi-slot PUSCH scheduling with different TB in each slot, at least the PUSCH timing indication needs to be considered. 
Proposal 1: NR-U PUSCH multi-slot scheduling supports also cross-numerology scheduling.
2.2 PDSCH HARQ feedback over unlicensed band
When HARQ feedback is transmitted over an unlicensed band, channel contention creates additional challenges: channel contention may delay HARQ feedback unpredictably, and hidden node problem and bursty interference may cause occasional HARQ feedback detection failures.
Flexible HARQ feedback determination & timing being defined in NR Release 15 forms the natural baseline for HARQ feedback in NR unlicensed, as it has inbuilt support for highly flexible TDD configurations, and support for self-contained slot operation (depending on the UE capability). In RAN1#93 [3], it was agreed that the PDSCH processing times for PDSCH processing capability 2 can be as short as 3, 4.5, and 9 symbols for SCS of 15 kHz, 30 kHz and 60 kHz, respectively. 
We see that HARQ feedback latency as well as jitter in the feedback latency are minimized if all HARQ feedback can be transmitted in the same shared COT as the associated PDSCHs as channel is likely vacant immediately after a DL burst. This kind of self-contained COT (c.f. self-contained slot) was identified in RAN1#93 to be beneficial, and it was agreed to strive to support it. The self-contained COT is well supported by Rel-15 PDSCH processing capability 2. 
However, contrary to the licensed bands, a transmission gap of even few symbols is undesirable on unlicensed band operation as it opens possibility for other systems to content and access the channel. Hence, we see it desirable to support mechanisms where gaps are avoided and utilized for transmitting useful UL transmissions prior PUCCH carrying the HARQ feedback as shown in Figure 1. Such UL transmissions may be PUSCH, PUCCH used for CSI reporting, or even SRS. In our view, it is important that triggering or scheduling of these transmissions does not require separate DCIs increasing the downlink control overhead but are triggered by the same DL assignment scheduling PDSCH.
Observation 1: In self-contained COT operation, the gap between DL and UL transmissions can be minimized by transmitting a short UL transmission of PUSCH, CSI reporting or even SRS before the HARQ feedback PUCCH.
Proposal 2: In self-contained COT operation, DL assignment can trigger a pre-configured UL transmission preceding the HARQ ACK transmission associated to the DL assignment.  
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Figure 1. HARQ feedback in self-contained COT with UL transmission filling the PDSCH processing time gap.
In addition to HARQ feedback within a self-contained COT, also UEs with more modest processing capabilities should be supported in NR-U. In RAN1#93, it was to identify mechanisms supporting HARQ feedback transmission on a separate COT than the associated PDSCHs. One of the challenges of codebook design across multiple shared COTs is that HARQ feedback timing for ACK reported in following shared COT is unknown at the time of PDSCH scheduling. Codebook design may be based on HARQ process ID, Rel-15 NR semi-static codebook, or on Rel-15 NR dynamic codebook:
· Codebook based on HARQ process ID obviously solves problems related to multiple COTs, but at price of large codebook size – especially when CBG based transmission and carrier aggregation are used. For example, with 8 CBGs and 16 HARQ processes, 128 bits per cell are transmitted to signal HARQ feedback even for single TB.   
· Rel-15 semi-static codebook results also easily to large codebook size. The semi-static codebook would e.g. need to be dimensioned to cover a range of non-overlapping PDSCH starting positions, possible used to support flexible DL burst starting positions.
· Rel-15 dynamic codebook has flexibly scaling codebook size, and the DAI mechanism can also be extended to cover situations where HARQ feedback contains ACKs for PDSCHs in multiple COTs. This results in significantly smaller codebook size than the other options.
· An example of simple dynamic codebook extension across COTs is introduction of K1 value indicating that HARQ feedback is transmitted on next COT. Correspondingly, DL association set determining the codebook is extended to next COT as shown in Figure 2. The actual transmission time is determined by K1 value indicated in the next COT.
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Figure 2. Extending DL association set of dynamic codebook across COTs by corresponding K1 value.
Proposal 3: Rel-15 dynamic HARQ-ACK codebook is used as a design starting point for the HARQ-ACK feedback both within a shared COT and between separate shared COTs. 
Observation 2: HARQ feedback timing indication can be enhanced to support dynamic codebook determination across COTs. 
For UEs with more modest processing capabilities, it cannot be denied that HARQ feedback transmission on a separate COT will lead to additional feedback latency and increasing the retransmission latency. It shall be beneficial to support some mechanism of early retransmission without waiting HARQ feedback transmission on the separate COT.
Proposal 4: Mechanism of early retransmission without waiting for HARQ feedback transmission on the separate COT shall be studied.
On unlicensed band, there is always risk that HARQ feedback transmission is blocked by UE LBT (if UE LBT is required for HARQ feedback) or corrupted by hidden node transmission starting during PUCCH. Mechanisms providing multiple and/or supplemental time and/or frequency domain transmission opportunities were identified as potential techniques for efficiently recovering from such error cases. 
Multiple HARQ feedback mechanisms may be needed in NR-U to achieve good reliability on HARQ feedback. Both a mechanism providing multiple HARQ-ACK transmission opportunities based on the PDSCH DL assignment as well as HARQ feedback triggered or scheduled by a separate DCI could be considered. 
· Determining multiple HARQ feedback transmission opportunities can reduce the additional latency caused by LBT blocking the original HARQ feedback opportunity, as the missing HARQ feedback does not need to be pulled by a separate DCI. Reduced latency facilitates more efficient HARQ operation as some of HARQ processes are not suspended by missing HARQ feedback. The mechanism for multiple HARQ feedback transmission opportunities should be highly flexible.  
· HARQ feedback pulling via a separate triggering DCI offers a robust mechanism to retrieve HARQ feedback even after a longer disruption on channel access. As the pulled HARQ-ACK feedback occurs with ambiguous timing relation to the associated PDSCHs, we see that HARQ-ACK codebook based on the HARQ process IDs is a good starting point for investigations on pulled HARQ-ACK feedback. However, as the HARQ process ID based codebook results a very large codebook in some cases, also other codebook determination mechanism suitable for HARQ feedback pulling and allowing for reduced codebook size should be investigated. For example, the codebook determination mechanism is based on dynamic HARQ groups.
Proposal 5: Support both a mechanism providing multiple HARQ-ACK transmission opportunities as well as a mechanism for HARQ feedback pulling by a separate DCI.
Proposal 6: HARQ-ACK codebook based on HARQ process ID is used as a starting point for pulled HARQ-ACK feedback design, but also other codebook determination mechanism suitable for HARQ feedback pulling are investigated.
4. Conclusions
In this contribution, we discussed potential changes and enhancements needed for HARQ for NR unlicensed scenarios. Based on the discussion, we make the following observations and proposals:
Proposal 1: NR-U PUSCH multi-slot scheduling supports also cross-numerology scheduling.
Observation 1: In self-contained COT operation, the gap between DL and UL transmissions can be minimized by transmitting a short UL transmission of PUSCH, CSI reporting or even SRS before the HARQ feedback PUCCH.
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Proposal 3: Rel-15 dynamic HARQ-ACK codebook is used as a design starting point for the HARQ-ACK feedback both within a shared COT and between separate shared COTs. 
Observation 2: HARQ feedback timing indication can be enhanced to support dynamic codebook determination across COTs. 
Proposal 4: Mechanism of early retransmission without waiting for HARQ feedback transmission on the separate COT shall be studied.
Proposal 5: Support both a mechanism providing multiple HARQ-ACK transmission opportunities as well as a mechanism for HARQ feedback pulling by a separate DCI.
Proposal 6: HARQ-ACK codebook based on HARQ process ID is used as a starting point for pulled HARQ-ACK feedback design, but also other codebook determination mechanism suitable for HARQ feedback pulling are investigated.
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