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1 Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In the RAN1 #92 meeting [1], some agreement of NR-U study was:
· Study the additional functionality needed beyond the specifications for operation in licensed spectrum in the following deployment scenarios. 
· Carrier aggregation between licensed band NR (PCell) and NR-U (SCell)
· NR-U SCell may have both DL and UL, or DL-only.
· Dual connectivity between licensed band LTE (PCell) and NR-U (PSCell)
· Stand-alone NR-U
· An NR cell with DL in unlicensed band and UL in licensed band
· Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)
And in the RAN1 #92bis meeting [2], some agreement of NR-U study was:
· Study possible enhancements for HARQ operation.
This contribution mainly discusses on potential HARQ enhancements for NR-U. It is the revision of R1-1806671.
2 [bookmark: OLE_LINK64][bookmark: OLE_LINK65]Discussion
Unlicensed band operation has been studied in Licensed Assist Access (LAA). Due to the absence of Physical Uplink Control Channel (PUCCH) in an unlicensed band and mandatory presence of a licensed primary cell, HARQ-ACK is delivered on the licensed cell obeying FDD HARQ timing for LAA SCell.
However, when dual connectivity of NR-U (PSCell) or stand-alone NR-U is deployed, HARQ-ACK will be delivered on NR-U. In this case, two topics should be study. One is physical channel enhancements for NR-U that will contain HARQ-ACK information to satisfy Occupied Channel Bandwidth (OCB) regulation from ETSI. The other is HARQ-ACK procedures enhancements that can be work well under Listen Before Talk (LBT) which is the basic channel access procedure on unlicensed band.
LBT is conflict with HARQ timing. HARQ timing means the HARQ-ACK transmission will start at a certain time that known to both transmitter and receiver, while LBT means transmission will be block due to failure of LBT. So, in NR-U HARQ-ACK feedback, enhancements should be study under condition of LBT.
[bookmark: _GoBack]One of potential enhancement is self-contained HARQ-ACK feedback like Wi-Fi on unlicensed band. HARQ-ACK will transmit immediately after the end of PDSCH transmission with a short gap, as figure 1 shows.


Figure 1, self-contained HARQ-ACK feedback case 1.
The gap can be very short, like 25us, in this way, HARQ-ACK transmission will have higher channel access priority than other coexistence channel devices. On the other hand, very short gap needs high UE capabilities, which allows UE to finish PSCH decoding and feedback preparing. For some UEs, self-contained feedback can be relaxed as figure 2 shows. HARQ-ACK is not transmitted in current slot but the next one within MCOT. There is no HARQ-ACK information for the first feedback resource and no feedback resource for the last HARQ-ACK information. One possible solution is that the first feedback resource can be used to transmit the last HARQ-ACK information from the previous MCOT.


Figure 2, self-contained HARQ-ACK feedback case 2.

Proposal 1: Self-contained HARQ-ACK feedback should be studied in NR-U.

One of another potential enhancement is opportunistic HARQ-ACK feedback as figure 3 shows.  Opportunity means if the HARQ-ACK transmission based on HARQ timing is failed to transmit due to LBT, it can wait for another opportunity to transmit until success. However, it will increase HARQ procedure complexity, like how to distinguish miss of PDCCH and failure of LBT from gNB side, how to allocate resources or design HARQ-ACK codebook for determining the corresponding PDSCH slot. Anyway, opportunistic HARQ-ACK feedback is one of potential enhancement, and should be further studied in NR-U.


Figure 3, illustration of opportunistic HARQ-ACK feedback.

Proposal 2: Opportunistic HARQ-ACK feedback should be studied in NR-U.

One of another potential enhancement is trigger based HARQ-ACK feedback as figure 4 shows. Self-contained HARQ-ACK feedback needs high UE capabilities to decode fast enough. While trigger based HARQ-ACK feedback can on one hand allow UE to decode for a long time, on the other hand allow very short gap to access channel which has higher channel access priority than other coexistence channel devices. Comparing with opportunity HARQ-ACK feedback, trigger based HARQ-ACK feedback has certain relationship between HARQ-ACK information bits and corresponding PDSCH slot.


Figure 4, illustration of trigger based HARQ-ACK feedback.

Proposal 3: Trigger based HARQ-ACK feedback should be studied in NR-U.

3 Conclusion
In this contribution, we provided our views on potential HARQ enhancements for NR-U and proposed that:
Proposal 1: Self-contained HARQ-ACK feedback should be studied in NR-U.
Proposal 2: Opportunistic HARQ-ACK feedback should be studied in NR-U.
Proposal 3: Trigger based HARQ-ACK feedback should be studied in NR-U.
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