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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 meeting #92, it was agreed that [1]
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.
· [bookmark: _Hlk500847868]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
· [bookmark: _Hlk500847837]Dual connectivity between licensed band NR (PCell) and NR-U (PSCell)
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
It is also noted that RAN1 prioritizes the simulation for sub-7 GHz band, and it does not preclude evaluation for above 7 GHz. In this contribution, we provide brief investigation on the regulation of target spectrum and the evolution of coexistence therein. Based on the observations, we propose the overall design principle for NR-based unlicensed bands operations. 
[bookmark: _Ref129681832]Design principles of NR-based unlicensed access
As one of the objective in the SID, physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design would be part of the study item to avoid unnecessary divergence from decisions made in the NR WI. Licensed designs made in NR could be used if they are not related to the regulations. For example, duplex mode, the maximum carrier bandwidth, subcarrier spacing, modulation and coding scheme of the NR-based unlicensed system can be totally inherited from the licensed designs below 52.6GHz of NR. Inheriting these licensed decisions will not only reduce the workload of NR-based unlicensed access system design but also keep good consistence of the NR system. On the other side, frame structure and some of physical channels e.g. synchronization signal, random access, PUCCH, PUSCH and etc. should be considered together with the Listen-Before-Talk (LBT) and Occupied Channel Bandwidth (OCB) requirements, which would be necessary for most of the deployment scenarios in the agreement.
Proposal 1: NR design for licensed bands should be taken as baseline for NR design in unlicensed band when satisfying regulation and coexistence requirement.
Numerology and Wideband operation in unlicensed band
In LTE, 15KHz SCS with normal CP length is supported, and it is natural to reuse the same SCS for NR-U. It also provide higher frequency resource utility in narrow carrier bandwidth. Besides, larger SCS with shorter symbol duration could be considered. It not only has the benefits of more channel access opportunities and reduced latency, but also facilitates wideband operation with reduced overhead in control and guard tones.
NR supports at maximum of 100MHz carrier bandwidth in sub-6 GHz in Rel-15. In order to achieve higher spectrum efficiency, carrier bandwidth larger than 20MHz should also be supported in unlicensed bands. When  a single wideband carrier  configured in unlicensed band (e.g. 80MHz in 5GHz), the available transmission bandwidth may vary from time to time due to interference from other systems. It is natural to adapt the transmission bandwidth dynamically according to the LBT result. For example, 20MHz interference (e.g., from Wi-Fi or other unlicensed systems) can make the whole channel busy if wideband LBT is performed. Therefore, sub-band based LBT mechanism should be supported to achieve dynamic bandwidth occupancy. 
In NR design, bandwidth part (BWP) configuration has been introduced to enable reduced UE bandwidth capability as well as reduced UE power energy consumption by bandwidth adaptation within a wideband carrier. And both single wideband BWP and multiple active BWPs could be considered in order to support dynamic bandwidth transmission. With the choice of single wideband BWP, only one wideband BWP is activated for a UE within a component carrier, which is consistent with the current NR design. While for multiple active BWPs, it is similar to CA operation in LTE LAA. Detailed analysis could be found in [2].
Proposal 2: NR should support carrier bandwidth larger than 20MHz in unlicensed bands, and dynamic transmission bandwidth for wideband operation should be supported for better transmission flexibility and spectrum efficiency. 
PHY channels on unlicensed band
Due to some spectrum characteristics and regulatory requirements, e.g., uncertainty of channel availability due to LBT and the ratio between OCB and nominal channel bandwidth, specific PHY designs are required to make the following features compatible with unlicensed band operation. 
SS/PBCH Block
Transmission of a SSB block may be skipped due to LBT failure, which leads to the inefficiency of UE beam detection. This may impact the design of the time-window size and the periodicity of SS burst set as well as the configuration of the number of SSB per SS burst set. Also the current NR design for the transmission bandwidth of SSBs do not consider the OCB requirement. For SSB only transmission, the maximum transmission bandwidth of SSB is obviously narrower than that of the nominal channel bandwidth in unlicensed bands. Hence, SSB transmission of NR-U could be modified from the design of NR licensed by taking LBT and OCB into consideration [3]. 
In addition, considering that both Wi-Fi and LTE LAA adopts 20MHz component carrier bandwidth for channel access, 20MHz can also be considered as the default channel bandwidth for initial access in NR unlicensed band at least in sub-7GHz scenario. It can re-use channel access design for LTE LAA as well as better co-exist with incumbent unlicensed systems.
PRACH
Multiple NR PRACH formats have been agreed which are either based on a long Zadoff-Chu (ZC) sequence of length L = 839 or a short sequence L=139. Formats with long sequences are used to support large cell, while formats with short sequences are introduced to support smaller cell. Since NR-U aims at smaller cell size, format with short preamble duration should be sufficient in terms of link budget.  Moreover, in order to fulfill OCB requirement, interlace or other possible approaches should be considered. Note that it is beneficial to have PRACH waveform compatible with PUCCH/PUSCH waveform in NR-U. Detailed design can be referred to [4].
In terms of resource allocation for PRACH, semi-static resource allocation of PRACH with shorter periodicity could be considered as baseline in NR-U. Because in case of LBT failure, a UE will not be able to transmit its PRACH signal and need to wait until the next PRACH occasion, so larger periodicities should then be avoided to reduce access latency. On the other hand, when a contention-free random access is triggered by gNB, extra transmission opportunities for PRACH could be dynamically scheduled via DCI to further reduce access delay, which is beneficial to the UE with QoS requirements.
PUSCH
Interlaced based UL resource mapping is adopted in LTE LAA to fulfill OCB requirement. For NR UL transmission, interlaced based UL resource mapping could be the baseline. However, due to Maximum transmission bandwidth configuration NRB agreed in RAN4, even interlace design may not be suitable and non-even interlace could be considered. 
Besides, due to the uncertainty of LBT, the actual available bandwidth for UE could be different from the scheduled bandwidth. It is expected that the dynamic wideband operation should be also supported for uplink transmission in NR-U. Thus, it is required that interlace design should be scalable over various bandwidth to avoid conflict. Detailed design can be referred to [2].
PUCCH
Different from eLAA where UCI is reported via the primary cell on licensed bands, UCI transmission on PUCCH is subject to LBT and OCB requirement in unlicensed band. LBT failure makes the UE unable to report the required UCI timely and gNB may not be able to discriminate between whether no PUCCH reception is due to CCA failure or due to complete DTX (i.e., all PDCCHs were missed). The latter would incur retransmission of all PDSCHs and should be avoided, while the former could be alleviated by allowing the UE to make another transmission attempt of the PUCCH. Therefore, reliable LBT-resilient mechanisms are required for the resource allocation of PUCCH, and one possible solution is that UCI could be feedback with multiple opportunities in both time and frequency domain.  
When PUCCH is not frequency multiplexed with PUSCH, it needs to independently fulfil the OCB requirement, and similar interlace design could be reused from PUSCH transmission. Detailed design can be referred to [5].
Proposal 3: Some PHY channels are required to be adjusted for unlicensed band, e.g. SSB, PRACH, PUSCH, PUCCH and etc. 
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discuss the NR-based unlicensed band operation, and have the following proposals and observations: 
Proposal 1: NR design for licensed bands should be taken as baseline for NR design in unlicensed band when satisfying regulation and coexistence requirement.
Proposal 2: NR should support carrier bandwidth larger than 20MHz in unlicensed bands, and dynamic transmission bandwidth for wideband operation should be supported for better transmission flexibility and spectrum efficiency. 
Proposal 3: Some PHY channels are required to be adjusted for unlicensed band, e.g. SSB, PRACH, PUSCH, PUCCH and etc. 
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