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1 Introduction
In RAN1#92 meeting, the study item of NR-based access to unlicensed spectrum is started. During this meeting, the design target, simulation methodology, deployment scenario and candidate spectrum are extensively discussed. The related agreements are made in [1] and listed below.
Agreement:
· The study targets identification of additional functionality needed for a PHY layer design (except channel access procedures) for operation in unlicensed spectrum that may be applicable over a particular frequency range (e.g., sub-7 GHz, 7-52.6 GHz, > 52.6 GHz).

· FFS: The definition of the frequency ranges

· Note: Optimizations for a particular frequency band may be necessary.

· Note: Channel bandwidths below 5 MHz are not targeted

· The study targets the design of channel access procedures for frequency bands based on coexistence and regulatory considerations applicable to the band.

· Note: The study includes identification of procedures for technology neutral channel access for frequency bands that may become available subject to regulations.

· The study assumes regulation will provide the framework concerning the protection for the technologies not using unlicensed access in those bands.

Agreement:
· The following network topologies are included in the evaluations:

· Indoor sub7GHz, choose one of the following options

· Option 1: Reuse 38.802 indoor hotspot topology and allocating half of the gNBs to each operator (6+6)

· Option 2: Reuse 38.802 indoor hotspot topology but further reduce gNB density (3+3)

· Option 3: Based on IEEE indoor enterprise model with modifications

· Outdoor sub7GHz

· NR dense urban scenario with two layers, but only consider the micro layer

· Randomly drop one micro layer per operator

· Indoor mmW

· Reuse indoor sub7GHz topology

· Parameter changes may be needed and submitted together with simulation results

· Outdoor mmW

· Reuse outdoor sub7GHz topology

· Parameter changes may be needed and submitted together with simulation results

Agreement:
· 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)

Agreement:
· From RAN1 design perspective, the study is not limited to a particular unlicensed band

· Note: This does not have any implications on prioritizations between unlicensed bands

· Note: The study does not target sub-1GHz unlicensed bands

However, the physical layer signaling and procedure about NR on unlicensed spectrum have not been discussed yet. In this contribution, we discuss HARQ-ACK transmission issues and present our views. 
2 Discussion
As mentioned above, there are five deployment scenarios for NR access to unlicensed spectrum. In some scenarios, e.g., NR CA between PCell on licensed band and SCell on unlicensed band, and an NR cell with DL on unlicensed band and UL on licensed band, HARQ-ACK feedback corresponding to PDSCH transmission can be transmitted on the licensed carrier. The benefit in the two scenarios is its HARQ-ACK transmission can be guaranteed on the dynamically indicated or predetermined slot due to no need to perform LBT on licensed carrier. 
On the other hand, since Rel-13 Carrier Aggregation WI, one SCell can be configured to transmit PUCCH in addition to the PCell PUCCH. From the standard point of view, existing standard has already supported PUCCH transmissions on two serving cells. Therefore, it is straightforward and reasonable to extend the two-PUCCH mechanism to the scenario of NR CA between PCell on licensed band and SCell on unlicensed band. In this way, for this NR LAA scenario, one PUCCH is always transmitted on NR PCell in licensed spectrum and another PUCCH is opportunistically transmitted on NR SCell in unlicensed spectrum.
Supporting PUCCH on LAA SCell can also offload some UCI transmission from licensed spectrum to unlicensed spectrum. In this way, the problem of heavy load on PCell PUCCH can be solved to some extent. This is especially true considering the amount of unlicensed spectrum can be much larger than that of licensed carrier. For example, in a certain case, only one licensed carrier is aggregated with more than four unlicensed carriers. UCI transmission on unlicensed spectrum can be considered to alleviate the load of the licensed carrier.
In addition, considering the two dual-connectivity scenarios, i.e., the dual-connectively between LTE PCell on licensed band and NR pSCell on unlicensed band, and the dual-connectively between NR PCell on licensed band and NR pSCell on unlicensed band, two-PUCCH transmission has to be supported. In this way, one PUCCH is transmitted on PCell to LTE MeNB or NR MgNB and another PUCCH is transmitted on pSCell to NR SgNB.
Regarding the standalone NR-U deployment, the PUCCH is inevitably transmitted on unlicensed carrier. 

To sum up, except the scenario of an NR cell with DL in unlicensed spectrum and UL in licensed spectrum, other four NR-U scenarios need to support HARQ-ACK transmission on unlicensed carrier. 

Proposal 1: HARQ-ACK transmission on unlicensed carrier is supported.
In case that HARQ-ACK transmission in the unlicensed spectrum, LBT (Listen-Before-Talk) is always needed before the HARQ-ACK transmission so as to guarantee the fair coexistence in unlicensed spectrum. Considering the HARQ-ACK is very important and has small number of bits, it is better to use one-shot LBT with at least 25us CCA detection so as to grab the channel more quickly. 

Due to large bandwidth in the unlicensed spectrum in 5GHz and millimeter wave frequency band, one NR UE may be configured with a few unlicensed carriers. One problem is which carrier can be used to transmit the HARQ-ACK and other UCI. In order to increase the transmission opportunity of HARQ-ACK feedback on unlicensed carrier, one potential solution is gNB can dynamically select one unlicensed carrier with light load from all the configured unlicensed carriers and send an UL grant to UE to trigger HARQ-ACK transmission on the selected carrier. Upon reception of the UL grant, the UE shall perform one-shot LBT and transmit the corresponding HARQ-ACK feedback on the scheduled carrier if the LBT is successful. In this way, gNB can not only dynamically balance the load on the unlicensed carriers but also fast select one unlicensed carrier with the best channel condition.  
Proposal 2: gNB can trigger UE to transmit HARQ-ACK feedback on the selected unlicensed carrier.

Furthermore, if HARQ-ACK can not be transmitted to gNB due to failed LBT, DL performance loss will happen. In order to avoid this problem, it is better to allow multiple opportunities for a UE to transmit one HARQ-ACK feedback. For each transmission opportunity, the UE shall perform LBT for fair coexistence with other wireless systems. 

Proposal 3: HARQ-ACK transmission on unlicensed carrier is allowed to have multiple transmission opportunities.
3 Conclusion

In this contribution, we focus on the HARQ-ACK transmission issues and present our views. 
Based on the above analysis, we have below proposals:
Proposal 1: HARQ-ACK transmission on unlicensed carrier is supported.

Proposal 2: gNB can trigger UE to transmit HARQ-ACK feedback on the selected unlicensed carrier.

Proposal 3: HARQ-ACK transmission on unlicensed carrier is allowed to have multiple transmission opportunities.
References
[1] Chairman’s notes of RAN1#92
[2] RP-172021, “Revised SID on NR-based Access to Unlicensed Spectrum”, Qualcomm Incorporated
[3] TS38.212 v15.0.1
[4] TS38.213 v15.0.1

