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Introduction
For the on-going study item on NR in unlicensed spectrum, it was agreed in RAN1#92BIS to study the following [1]:
Agreements:
· Study the design changes needed to support the following channels /signals in NR-U
· PDCCH/PDSCH
· PUCCH/PUSCH
· PSS/SSS/PBCH
· PRACH
· DL and UL reference signals applicable to the operational frequency range

This contribution presents a discussion on the need for PUCCH in NR-U.
PUCCH Support in NR-U

Multiple methods of transmitting UCI have been defined in the NR WI:
· UCI on PUSCH with UL-SCH
· UCI on PUSCH without UL-SCH
· UCI on PUCCH (Formats 0/1/2/3/4)
UCI is multiplexed on PUSCH when the starting symbol of a scheduled PUSCH coincides with the PUCCH. The availability of multiple methods of UCI delivery based on the payload size and scheduling design is beneficial in terms of system efficiency. Similar methods of UCI delivery are also defined for LTE.
However, for the case of frame structure type 3 in LTE, PUCCH was not defined for eLAA/FeLAA LTE in Rel-14/15, and only UCI (excluding periodic CSI) on PUSCH is allowed on unlicensed carriers. Due to the availability of the licensed LTE PCell and emphasis on optimization of LAA UL data channels, this was an acceptable prioritization at that time. We next discuss whether a similar design decision is suitable for NR-U.

LAA NR-U
[bookmark: _GoBack]We first consider the case of a licensed NR PCell with one or more NR-U SCells. Up to 16 serving cells may be configured for a Rel-15 NR UE. Due to the 20 MHz channelization of the 5 GHz band and undetermined channelization of 6 GHz, it is therefore possible that a single PCell is aggregated with a large number of unlicensed SCells. With the introduction of CBG-based HARQ ACK, the UCI payload from a single UE can be quite large. For example, with 15 DL CCs, MIMO, and 8 k1 values x 8 CBG HARQ-ACK bits, the ACK/NACK payload is 1920 bits from one UE. Allocating sufficient UL resources on the licensed PCell for large UCI payload sizes is therefore not a scalable solution. Furthermore, triggering cross-carrier UCI-on-PUSCH transmissions from the PCell takes away DL control resources from the licensed carrier UEs. These aspects motivate the offloading of UCI feedback and triggering to the unlicensed SCells.
Borrowing from the NR framework, UCI-on-PUSCH and UCI on PUCCH are the candidate solutions for the LAA SCell. It is beneficial to support both options, since PUCCH has the added benefit of being able to multiplex UCI from multiple UEs.
Observation 1: UCI feedback on both PUSCH and PUCCH on unlicensed SCells is beneficial for the LAA case.

EN-DC 
The deployment scenario here is a LTE licensed carrier MeNB with NR-U as the secondary node. Due to the different frame structures, timing relations, and potentially different numerologies, it would be highly restrictive to transmit NR-U UCI on the licensed anchor. In any event, such an operation is not defined in the NR WI as well. Therefore, NR-U UCI must be transmitted on the unlicensed SCG, either on PUSCH or on PUCCH. UCI-on-PUSCH alone is not the most efficient solution, since DCI transmissions require an additional LBT, as well as the lack of UE multiplexing – motivating the definition of PUCCH. Similar arguments hold for the NR-DC case.
Observation 2: UCI feedback on both PUSCH and PUCCH on unlicensed SCG is beneficial for the DC case.


SA
For a standalone NR-U system without licensed anchor cells, evidently all UCI must be transmitted on unlicensed carriers. Again, in order to minimize unnecessary DL control transmissions to trigger UCI transmission and to multiplex UCI from different UEs, it is necessary to support UCI feedback on both PUSCH and PUCCH.
Furthermore, SR can be multiplexed with CSI only on PUCCH, which can reduce the scheduling delay in the SA case when a UE has both pending CSI feedback as well as data in its UL buffer.

Observation 3: UCI feedback on both PUSCH and PUCCH is beneficial for the SA case.

Based on the above, it is recommended that a universal PUCCH channel structure and UCI reporting procedure be defined for all variants (LAA, DC, SA) of NR-U.

Proposal 1: It is recommended that PUCCH be defined for all variants (LAA, DC, SA) of NR-U.

Summary
In this contribution we examined several design principles for the support of standalone NR-U, namely, the procedures for cell acquisition, initial access, RLM, and mobility management.
Observation 1: UCI feedback on both PUSCH and PUCCH on unlicensed SCells is beneficial for the LAA case.
Observation 2: UCI feedback on both PUSCH and PUCCH on unlicensed SCG is beneficial for the DC case.
Observation 3: UCI feedback on both PUSCH and PUCCH is beneficial for the SA case.
Proposal 1: It is recommended that PUCCH be defined for all variants (LAA, DC, SA) of NR-U.
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