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 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK15][bookmark: OLE_LINK16]The SID on NR-based Access to Unlicensed Spectrum [1] aims to identify and evaluate solutions and techniques for next generation wireless systems operating on unlicensed bands e.g. 5GHz, 37GHz, 60GHz. Besides, coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements should also be studied. The SID includes the following objectives:
SID RP-170828:
· Study NR-based operation in unlicensed spectrum (RAN1, RAN2, RAN4) including 
· Physical channels inheriting the choices of duplex mode, waveform, carrier bandwidth, subcarrier spacing, frame structure, and physical layer design made as part of the NR study and avoiding unnecessary divergence with decisions made in the NR WI
· Consider unlicensed bands both below and above 6GHz, up to 52.6GHz
· Consider unlicensed bands above 52.6GHz to the extent that waveform design principles remain unchanged with respect to below 52.6GHz bands 
· Consider similar forward compatibility principles made in the NR WI 
· Initial access, channel access. Scheduling/HARQ, and mobility including connected/inactive/idle mode operation and radio-link monitoring/failure
· Coexistence methods within NR-based and between NR-based operation in unlicensed and LTE-based LAA and with other incumbent RATs in accordance with regulatory requirements in e.g., 5GHz, 37GHz, 60GHz bands 
· Coexistence methods already defined for 5GHz band in LTE-based LAA context should be assumed as the baseline for 5GHz operation. Enhancements in 5GHz over these methods should not be precluded. NR-based operation in unlicensed spectrum should not impact deployed Wi-Fi services (data, video and voice services) more than an additional Wi-Fi network on the same carrier; 
In this contribution, we discuss potential solutions and techniques for NR-U (NR-based access to Unlicensed Spectrum). Our views on candidate spectrum and deployment scenarios for NR unlicensed operation are discussed in our companion contribution [2][3] respectively.
 The requirements of NR-U
NR design in unlicensed spectrum should target fair and friendly coexistence with incumbent systems (e.g. WiFi/LAA/Radar) and intra-RAT services. To satisfy fair coexistence target, NR-U should have basic functionalities and fulfill regulatory requirements as following:
· LBT (CCA): The listen-before-talk (LBT) procedure is a mechanism by which NR equipment applies a clear channel assessment (CCA) check before using the channel. The CCA utilizes at least energy detection to determine the presence or absence of other signals on the channel in order to determine if the channel is occupied or clear, respectively. The basic principle of LBT mechanism for LAA can be reused for NR-U, but some enhancements for NR-U LBT need to be taken into account, e.g. LBT for beam-based transmission in high frequency scenarios, LBT for BWPs, LBT-based frequency reuse for improving NR spectrum efficiency.
· DFS: Dynamic Frequency Selection (DFS) functionality is used to avoid interfering with 5/60 GHz radar systems, as well as uniformly spread the traffic load across all available channels. Whenever radar signals are detected, the NR service must switch to another channel to avoid interference. Thus, DFS is an essential functionality for NR-U.
· FR: The Frequency Reuse (FR) process allows the reusing of the same carrier at the same time. In general, if a device is accessing the carrier, then other devices in the vicinity should be muted in this carrier. They cannot reuse this carrier at the same time. This will reduce frequency reusing factor. The FR mechanism is beneficial for the devices belonging to same operator & RAT to increase FR factor and promote spectral efficiency. Therefore, NR-U should consider FR mechanism for the sake of improving NR system performance as NR devices can reuse the same carrier at the same time. 
· COT: In unlicensed spectrum, channel availability cannot always be guaranteed. In addition, certain regions such as Europe and Japan prohibit continuous transmission and impose limits on the maximum Channel Occupancy Time (COT) in the unlicensed spectrum. In 5GHz specified in ETSI specification [4], the COT of Frame Based Equipment (FBE) shall not be greater than 95% of the Fixed Frame Period (range from 1 ms to 10ms) and shall be followed by an Idle Period (with a minimum of 100us). The maximum COT of Load Based Equipment (LBE) depending on priority class is limited to 2ms, 4ms, or 6ms (it may be increased to 8ms or 10ms in some cases). In Japan, the maximum COT shall be less than 4ms. The COT in 60GHz bands [5] shall be less than 9ms. NR-U should deal with the impacts of maximum COT limitation on scheduling/HARQ timing, UL&DL shared occupation COT, longer TTI, special usage scenarios e.g. mMTC and so on.
· OCB: According to ETSI regulation in 5 GHz band [4], the Occupied Channel Bandwidth (OCB), defined to be the bandwidth containing 99% of the power of the signal, shall be between 80% and 100% of the Nominal Channel Bandwidth (NCB). The OCB might change with time/payload. During a COT, equipment may operate temporarily with an OCB of less than 80% of its NCB with a minimum of 2 MHz. The OCB in 60GHz bands shall be more than 70% of the NCB. It is difficult for every activated NR BWPs used by NR-U to occupied more than 80% or 70% of the NCB i.e. entire wider bandwidth. The constraints of OCB requirements on BWP should be clarified. In addition, we need to consider the problems of some NR RS/channel transmission with above OCB limitation, e.g. PRACH.
· EIRP and PSD: For candidate 5GHz band, the maximum mean Equivalent Isotropically Radiated Power (EIRP) & Power Spectral Density (PSD) with TPC are limited to 23dBm & 10 dBm/MHz in 5150~5350MHz for indoor typically in ETSI EN 301 893. In 60 GHz band [5], maximum EIRP is limited to 40dBm and PSD is limited to 13dBm/MHz. For wideband operation with the limitation of maximum EIRP and PSD, the PSD may be very low due to its total transmission power should be less than or equal to the maximum EIRP limitation, e.g. 23dBm for 5150-5350MHz bands. Too lower PSD will impact on NR-U coverage and system performance. Therefore, the challenge is how to solve the bandwidth and PSD problems related to LBT mechanisms for wider bandwidth.
The overall LTE design principles for LAA operation in unlicensed 5GHz bands comprised of integration with the licensed spectrum, which had an objective of the guarantee of fair co-existence with same system and other existing systems using unlicensed spectrum, such as Wi-Fi. An in-depth study of channel access mechanism in LAA was made to satisfy this objective. Hence, channel access procedures and solutions in LAA can be used as the baseline for NR-U in 5GHz bands. But some enhancements as discussed above may be needed. 
The 60GHz unlicensed spectrum can be also used as an attractive candidate for NR-U bands since it is currently not very crowed and can offer a large amount of contiguous bandwidth. The reference [5] specified for 60GHz provides some basic regulation requirements such as COT/OCB/EIRP and a preliminary LBT procedure. In addition to referring to LAA LBT procedure, NR should define channel access mechanism for NR-U in 60GHz based on its transmission characteristics and available bandwidth size in this band.
Proposal 1: NR-U should have basic functionalities and consider regulatory requirements as following:
· Basic functionalities: LBT/CCA, DFS, FR (frequency reuse)
· Regulatory requirements: COT, OCB, EIRP &PSD
 Diverse usage scenarios
The overall target of NR as described in NR SID/WID [6, 7] is to satisfy different requirements of diverse usage scenarios, e.g. enhanced mobile broadband (eMBB), ultra-reliable low-latency communications (URLLC), and massive machine-type-communication (mMTC). These usage scenarios can operate in all spectrum bands including licensed spectrum and unlicensed spectrum in order to meet NR design target. We analyse the possibilities and issues of above usage scenarios if applied in unlicensed spectrum as following.
· eMBB 
eMBB can in many cases be served very well with a somewhat long transmission duration, at least when transferring larger object. eMBB should ensure the throughput and efficiency with regular subcarrier spacing and subframe length. The scaling down of transmission time interval (TTI) and subframe can reduce the latency for eMBB if NR adopts larger subcarrier spacing(s). Compared with mMTC and URLLC, eMBB operated in unlicensed spectrum is a use case that is much easier to utilize the existing LAA mechanism. But it also faces many problems to be solved with new numerology and frame structure, including LBT operation, low scheduling/HARQ feedback delay, larger subcarrier spacing with shorter OFDM symbols, transmit power and PSD, dynamic TTI size, wideband and HF transmission, flexible DL/UL transmission within a burst, etc.
· URLLC
To satisfy the user plane latency requirements of 0.5 ms for URLLC, the TTI length should be extremely short. URLLC requires proper mini-slot configurations or adopts larger subcarrier spacing(s) for short latency. The URLLC services with ultra low latency may not be suitable to transmit in unlicensed spectrum due to LBT/CCA time/result restrict. Therefore, firstly we need to distinguish the key requirements of some URLLC service that is ultra reliable or low latency. Furthermore, re-designing the LBT/CCA process (but may be limited due to fairness coexistence and regulation requirements), increasing the success probability of LBT/CCA, and shortening scheduling latency should be considered. In short, URLLC is a sub-priority usage scenario deploying in unlicensed spectrum, which faces more challenges compared to eMBB and mMTC.
· mMTC
In Rel-15, mMTC in NR-licensed has not been standardized. But future compatibility for supporting mMTC in unlicensed spectrum could be considered and verified.  The target KPI of mMTC is extended coverage, low energy consumption, and massive number of devices. The air interface design for mMTC would require long TTI (or subframe bundling) for coverage extension and low PSD for energy saving. If deploying mMTC in unlicensed spectrum, the gNB/UE can perform a successful CCA more easily on a relative narrowband. Besides, the system performance may not be influenced heavily even by CCA failure considering the mMTC may using the repetition mechanism. However, some technical issues should still be considered in addition to most of the problems mentioned in the above eMBB, e.g. interruption of mMTC data transmission due to longer TTI of mMTC and shorter MCOT regulation restrict in unlicensed spectrum; power consumption due to failure of CCA based channel access, and so on.
Observation 1: Supporting URLLC operated in unlicensed spectrum is more challenging than support of eMBB and mMTC.
 Potential solutions and techniques for NR-U
 Channel access mechanism
 High frequency/Beam-based LBT
[bookmark: _Hlk505968808]In LTE, in order to guarantee fair coexistence with the incumbent Wi-Fi system in the unlicensed carrier, LBT (listen before talk) with energy detection via omni-directional beam was introduced in LAA and eLAA. 
[bookmark: OLE_LINK9]In NR, for the new features of NR such as directional transmission and reception with much wider channel bandwidth, LBT can still be used to avoid unexpected interference on the ongoing transmission in the same band. The narrower beam makes it possible for interference avoidance. Similarly, the LBT mechanism defined in LTE LAA can be reused for directional transmission and reception. However, if LBT in LTE LAA is directly reused, it will lead to inaccurate CCA detection problems. For example, high interference detected on the omni-directional beam could block the transmission on narrow directional beam even if the transmission does not interfere with the transmission of the other nodes in the other beam directions. 
[bookmark: OLE_LINK14]Therefore, it is necessary to study directional LBT mechanism for directional transmission in order to improve the probability of channel access and the accuracy of CCA detection such as an enhancement calculation method of observed interference in the beam range, CCA detection threshold for directional transmission. Wherein, LBT (listen before talk) with energy detection via omni-directional beam in LTE-LAA can be considered as a baseline.
However, due to directional sensing direction, the hidden nodes problem will become more severe as shown in Figure 1. Both BS1 and BS2 adopt directional beam mode to transmit/receive. BS1 senses channel idle and transmits to UE1. BS2 may not be able to detect the energy of BS1 and hence transmits to UE2. However, both UE1 and UE2 are within the coverage of BS1 and BS2 transmit beam. Both UE1 and UE2 might fail to receive the respective transmissions due to inter-RAT interference. Based on this, some methods to avoid the hidden nodes need to be studied, e.g., the receiving device performs a LBT, sends some indication signal. 


Figure 1: directional Tx/Rx
[bookmark: OLE_LINK13][bookmark: OLE_LINK8]Proposal 2: A directional LBT mechanism should be studied to improve the probability of successful channel access and the accuracy of CCA detection, e.g., enhancement calculation method of observed interference in the beam range, CCA detection threshold for directional transmission. Wherein, LBT (listen before talk) with energy detection via omni-directional beam in LTE-LAA can be considered as a baseline.
 Frequency reuse
In LTE-LAA, frequency reuses among the neighbour nodes of the same operator have been supported. Wherein, maximum ED threshold (-52dBm) has been agreed for supporting frequency reuse. Based on this, frequency reuse can be considered to be supported in NR-U.
In NR-U, in addition to CCA detection approach, it is possible to further consider schemes that have been discussed but not standardized in LTE-LAA for frequency reuse such as blank pattern method. Wherein different operators configure different blank patterns and NR-U nodes within the same operator configure the same blank pattern. Some blank patterns are reserved during its reservation signal and/or data transmission. NR-U nodes can detect energy on the blank pattern to estimate the source of interference. For example, set a default CCA threshold value to T1, and set another CCA threshold value to T2. If the detected energy on the blank pattern for the operator’s own NR-U nodes is lower than a pre-defined threshold T1, while detected energy on the whole bandwidth is lower than CCA threshold T2 and higher than CCA threshold T1, then we think that frequency reuse can be realized.
[bookmark: OLE_LINK17]Proposal 3: Similar to LTE-LAA, frequency reuse should be supported in NR-U.
 Channel access mechanism for duplexing in licensed spectrum
During the discussion NR duplexing flexibility, the channel sensing scheme is suggested to be used for mitigating the cross-link interference [8]. The channel sensing scheme includes energy detection and/or signal detection. Energy detection is the same as LAA LBT/CCA, while signal detection can partially use the approach of frequency reuse, which can identify the signal from the same operator nodes. Before NR transmission with duplexing flexibility, the gNB/UE detects the signal or energy in a short time duration. Then the gNB re-adjusts the DL/UL scheduling or resource assignment according to the comparison between the detection results and thresholds. As analyzed above, there are a lot of similarities between channel sensing scheme used to eliminate CLI in duplexing flexibility and channel access mechanism for the fair coexistence in NR-U. Therefore, RAN1 could strive for a common PHY layer design for a sensing scheme that can be used for both duplexing flexibility and NR-U.
Proposal 4: RAN1 could strive for a common PHY layer design between channel access mechanism for NR-U and sensing scheme for duplexing flexibility.
 NR-U RS design
 DRS, CSI-RS, and SRS
LAA discovery reference signal (DRS) was introduced in Rel-13 for RRM measurement and synchronization. Same as Rel-12 DRS, LAA DRS is composed of CRS, PSS/SSS and configurable CSI-RS. But a LAA DRS occasion only consists of a period with a duration of 12 OFDM symbols, that is shorter than the Rel-12 DRS. In order to increase the transmission opportunity of LAA DRS, LAA DRS adopted a higher channel access mechanism i.e. CAT2, that can occur in any subframe within the discovery signal measurement timing configuration (DMTC). For the NR-U design, SS block can be used as a component RS of NR-U DRS. Furthermore, the signal design and transmission procedure of NR-U DRS should be considered.
For NR-U DL, CSI measurement and report are still necessary. Due to the uncertainty of channel availability for CSI-RS transmission and the measurement result report, the periodic CSI measurement and report may not be always applicable. Furthermore, the interference situation in the measured unlicensed spectrum may fluctuate violently and be unpredictable due to the larger delay between measurement and report, as well as beam-based transmission. The NR-U CSI-RS design for CSI measurement and report should be considered as well.
The LTE SRS used for channel sounding is transmitted in the last symbol of an UL subframe. In Rel-14 LAA, periodic SRS is not supported. Some solutions on LAA SRS were made taking into consideration the uncertainty of channel access, such as aperiodic SRS transmission without PUSCH, SRS transmission timing, etc. LAA SRS can be a starting point for NR-U research, although NR SRS has many aspects different from LTE SRS. Other enhancements should not be precluded.
Proposal 5: NR-U DRS, CSI-RS and SRS should be considered. The RS design for LTE-based LAA can be used as a starting point for NR-U RS design.
 Minimization the ratio of reservation signal
In Rel-13 LAA, the eNB can only start transmission at slot boundaries (symbol 0/7) with 15kHz subcarrier spacing. The reservation signal is transmitted before the DL transmission start position, i.e., the slot boundary, to reserve the carrier and prevent other devices from occupying the spectrum, which is the overhead of LAA system. Consequently, the overhead of reservation signal should be reduced to a minimum.
Different NR-U slot types including slot and mini-slot (2/4/7 non-slot-based scheduling) can be utilized to minimize the reservation signal length. The NR gNB or UE should be able to send DL/UL TX burst as soon as possible whenever it finishes LBT/CCA, resulting in dynamic TTI size. As illustrated in Figure 2, the gNB can choose the type of first TTI i.e. mini-slot based on LBT/CCA success location and TTI boundary, and then select the type of following TTIs with a larger size e.g. slot. The type of last TTI(s) is/are chosen according to maximum COT restriction and the time which has been already occupied. In Figure 2, the rest of the maximum COT is not enough for a normal slot, but enough for two whole mini-slots.
In addition, larger subcarrier spacing e.g. 60kHz can be considered to minimize the overhead of reservation signal. Naturally, the larger the subcarrier spacing (be limited to spectrum and coverage) is, the shorter the reservation signal, occupies the channel, which providing higher spectrum efficiency. Therefore, for NR in FR1 (i.e., 15/30/60 kHz SCS values, where the frequency range is 450 – 6000 MHz bands), the SCSs up to 60kHz can be considered.
Proposal 6: Mini-slots and larger subcarrier spacing can be considered to minimize overhead of reservation signal and improve spectrum efficiency.


Figure 2: Minimization of reservation signal length
 Initial access and mobility
· SSB transmission
[bookmark: OLE_LINK11]As we know, SSB (including SSS/PSS/PBCH) transmission has been supported in the NR licensed carrier. For NR-U deployment scenarios, SSB transmission may be supported in the NR-U carrier to enable initial access and/or measurement and so on. Whether SSB transmission should be supported for licensed band NR (PCell) and NR-U (SCell) CA mode and licensed band NR (PCell) and NR-U (PSCell) DC mode is FFS.
Considering the regulatory requirement of unlicensed carrier, LBT operation needs to be performed before SSB transmission. If LBT failure occurs, SSB may not be transmitted in time, which will result in large delay or failure of initial access for UE. The configuration of periodicity of the SS burst set and the number of SSB in a SS burst set should be considered based on the impact mentioned above.
In addition, according to ETSI regulation requirement for OCB, the current transmission bandwidth of SSB is obviously smaller than nominal channel bandwidth of the NR-U carrier in most cases. 
[bookmark: OLE_LINK12]On top of that, due to the channel occupancy time (COT) with four symbols for each SSB that is similar to DRS in LAA, we think it could access the channel with high priority, e.g., fast LBT such as Cat2 LBT.
Based on the above discussion, further studies need to be done, e.g., method of increasing transmission opportunity of SSB, SSB design satisfying OCB requirement, and LBT mechanism to shorten channel occupancy time for SSB.
· PRACH
In LTE-LAA, PRACH procedure is not supported in unlicensed carrier. Some deployment scenarios in NR-U, PRACH procedure may be supported to realize some functions such as UL synchronization, resource request, etc. Whether PRACH procedure should be supported in licensed band NR (PCell) and NR-U (SCell) CA mode and licensed band NR (PCell) and NR-U (PSCell) DC mode is FFS.
In NR, the four-steps PRACH procedure have been supported. If PRACH procedure is performed in the NR-U carrier, then four times LBT may need to be performed. This may result in the increase of the probability of random access failure. Furthermore, due to LBT failure, configured PRACH resource may be wasted. Therefore, to improve the channel access opportunity for PRACH, a simplified LBT for PRACH mechanism should be considered or studied.
Furthermore, RACH preamble transmission needs to meet ETSI regulation requirement of OCB, thus new PRACH waveform may be required, e.g., repeated preamble transmission in the frequency domain, enlargement subcarrier intervals, etc.
· Paging transmission
[bookmark: OLE_LINK10]In NR, consensus have been reached on the paging message for RRC idle mode that is scheduled by DCI carried by NR-PDCCH and is transmitted in the associated NR-PDSCH. For Stand-alone NR-U, paging may need to be supported in the NR-U carrier for mobility. The uncertainty of channel availability makes paging DCI signaling hard to be sent out at the redefined time domain resource, which will result in missing paging messages for UE. Therefore, some methods to increase the transmission opportunity of paging signal should be studied.
Proposal 7: SSB, PRACH procedure and Paging should be supported and studied for NR unlicensed band.
 Scheduling aspects
 Scheduling/HARQ
[bookmark: OLE_LINK5][bookmark: OLE_LINK4][bookmark: OLE_LINK7]Currently NR supports flexible DL/UL scheduling and HARQ feedback timing, i.e. the timing between PDCCH and PDSCH and the timing between PDSCH and HARQ-ACK, or the timing between PDCCH and PUSCH and the timing between PUSCH and HARQ-ACK. The timing can be indicated in the DCI. However, due to LBT, an UE may not be able to access the unlicensed channel at the time schedule for PDSCH/PUSCH transmission or ACK/NACK feedback according to the timing indicator. Therefore, NR-U should consider the LBT influence on PDSCH/PUSCH and the HARQ-ACK transmission. Especially, unlike LAA, UCI transmission on unlicensed bands should be supported for NR DC and standalone operation. Therefore, further enhancement for UCI transmission should be studied due to LBT impact. Or asynchronous HARQ with necessary enhancement should be supported in unlicensed bands. For example, to lighten the impact of LBT, it is better to apply higher-priority channel access category for UCI transmission. 
[bookmark: OLE_LINK3]Besides, PUCCH/PUSCH transmission should meet the OCB requirement. In eLAA, for PUSCH, interlaced-RB allocation has been adopted to meet the OCB requirement but the PUCCH transmission on unlicensed bands had not been specified. Currently in NR, both short-duration PUCCH and long-duration PUCCH are supported to cater to different requirements of UCI payload and cell coverage. Therefore, both interlaced PUCCH and interlaced PUSCH can be considered to meet occupied channel bandwidth requirement and further studies should be performed.
Proposal 8: Necessary enhancement for scheduling/HARQ and data transmission should be considered for NR unlicensed band operation. 
 NR-U UL transmission
Autonomous uplink access (AUL) with frame structure type 3 is being specified in Rel-15 FeLAA WI. Meanwhile, grant-free was also discussed in Rel-15 for NR UL data transmission. Compared with the grant-based access, both AUL and grant-free have the following advantages: energy efficiency on UE side, very low cost/complexity with UE design, reduced signalling overhead and transmission latency. These advantages are also the goals that NR-U needs to achieve. Thus AUL/grant free could be considered for NR-U UL transmission, and some enhancements considering NR unique characteristic should be studied.
For NR-U, frequency reuse is a mechanism that has to be adopted especially in massive connectivity or dense deployment scenarios. We can use the non-orthogonal multiple access (NOMA) mechanism for NR-U to improve the frequency reuse factor and reduce the impacts due to UL collision. Meanwhile, further studies should be performed on how to support multiple access considering LBT influence.
Proposal 9: Autonomous UL access, grant-free UL transmission and NOMA mechanism should be considered for NR-U UL transmission.
[bookmark: IDX-CHP-8-0996][bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0992] Conclusion 
In this contribution, we discuss some potential solutions and techniques for NR operation in unlicensed spectrum, and have the following observations and proposals:
Observation 1: Supporting URLLC operated in unlicensed spectrum is more challenging than support of eMBB and mMTC.
Proposal 1: NR-U should have basic functionalities and consider regulatory requirements as following:
· Basic functionalities: LBT/CCA, DFS, FR (frequency reuse)
· Regulatory requirements: COT, OCB, EIRP &PSD
Proposal 2: A directional LBT mechanism should be studied to improve the probability of successful channel access and the accuracy of CCA detection, e.g., enhancement calculation method of observed interference in the beam range, CCA detection threshold for directional transmission. Wherein, LBT (listen before talk) with energy detection via omni-directional beam in LTE-LAA can be considered as a baseline.
Proposal 3: Similar to LTE-LAA, frequency reuse should be supported in NR-U.
Proposal 4: RAN1 could strive for a common PHY layer design between channel access mechanism for NR-U and sensing scheme for duplexing flexibility.
Proposal 5: NR-U DRS, CSI-RS and SRS should be considered. The RS design for LTE-based LAA can be used as a starting point for NR-U RS design.
Proposal 6: Mini-slots and larger subcarrier spacing can be considered to minimize reservation signal length and improve spectrum efficiency.
Proposal 7: SSB and PRACH procedure and Paging should be supported and studied for NR unlicensed band.
Proposal 8: Necessary enhancement for scheduling/HARQ and data transmission should be considered for NR unlicensed band operation.
Proposal 9: Autonomous UL access, grant-free UL transmission and NOMA mechanism should be considered for NR-U UL transmission.
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