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 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK16][bookmark: OLE_LINK15]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, 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 RAN1 #92bis meeting, the following agreement has been reached for NR-U[2]:
Agreement:
· Study possible enhancements for HARQ operation 
· Study changes needed for Configured Grant support in NR-U
· Baseline for study: If absence of Wi-Fi cannot be guaranteed (e.g. by regulation) in the band (sub-7 GHz) where NR-U is operating, the NR-U operating bandwidth is an integer multiple of 20MHz
· At least for band where absence of Wi-Fi cannot be guaranteed (e.g. by regulation), LBT can be performed in units of 20 MHz. 
· FFS: details on how to perform LBT for as single carrier with bandwidth greater than 20 MHz, i.e., integer multiples of 20 MHz.
· Study whether or not the following techniques enhance performance beyond the baseline LBT mechanisms
· Techniques to cope with directional antennas/transmissions
· Receiver assisted LBT : RTS/CTS type mechanism
· On-demand receiver assisted LBT: For example receiver assisted LBT enabled only when needed 
· Techniques to enhance spatial reuse 
· Preamble detection
· Enhancements to baseline LBT mechanisms above 7 GHz
· Note: LTE-LAA LBT mechanism are assumed as baseline for evaluations for 5GHz. 
· Note: Other aspects are not precluded from being included
In this contribution, we share our views on channel access mechanism for NR-U.
Requirements on channel access mechanism for coexistence
NR design in unlicensed spectrum should target fair and friendly coexistence with incumbent systems (e.g. WiFi/LAA) 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. 
· 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 the same operator to increase FR factor and improve 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 [2], 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 [3] shall be less than 9ms. 
· OCB: According to ETSI regulation in 5 GHz band [3], 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. the entire wider bandwidth. The constraints of OCB requirements on BWP and impact to LBT should be studied. 
· 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 [2]. In 60 GHz band [4], 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.
[bookmark: OLE_LINK18]The overall design principles for LAA operation in unlicensed 5 GHz bands comprised of integration with the licensed spectrum in LTE, 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 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, LBT for MCOT sharing between DL and UL for improving NR spectrum efficiency. 
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 [3] 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 consider the following regulatory requirements when designing channel access mechanism:
· LBT/CCA
· DFS
· FR (frequency reuse)
· COT
· OCB
· EIRP &PSD 
 Channel access mechanism for NR-U
 LBT for Frequency Reuse
In LTE-LAA, frequency reuses among the neighbour nodes of the same operator have been supported. Wherein, maximum ED threshold (-52 dBm) has been agreed for supporting frequency reuse. For the same reason, frequency reuse should be also considered to be supported in NR-U.
In NR-U, in addition to CCA detection approach, it is possible to further consider schemes such as blank pattern method that is used to enable NR-U nodes of frequency reuse while distinguishing whether the signal observed on the channel is from other NR-U nodes of the same operator or from NR-U nodes from the other operator or from other RATs. Preferably, different operators configure different blank patterns and NR-U nodes of 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 T1, then the current channel is considered idle and can be reused. Or if the detected energy on the blank pattern is lower than T1 and detected energy on the whole bandwidth is higher than T1 and lower than T2, then NR-U nodes think that frequency reuse can be realized.
[bookmark: OLE_LINK17]Proposal 2: Frequency reuse should be supported in NR-U and some methods of frequency reuse can be considered such as blank pattern method.
 Beam-based LBT in high frequency
In LTE-LAA, 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 antenna beam was introduced in LAA and eLAA. 
In NR, directional transmission and reception is beneficial to improve the transmission performance and cell coverage by providing additional beamforming gain, which to some extent can compensate the impact of severe channel fading in high frequency spectrum (e.g., 60GHz). Similar to LTE-LAA, beam-based LBT should still be used to avoid unexpected interference on the ongoing transmission beam direction in the same band. Wherein, the narrower beam makes it possible for interference avoidance. In order to support beam-based LBT, some enhancements to current LTE-LAA LBT mechanism are worthy study to avoid interference. For example:
· Enhanced energy calculation method
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.
Therefore, it is necessary to study beam-based LBT mechanism for directional transmission in order to improve the probability of channel access and the accuracy of CCA detection such as an enhanced calculation method of observed interference in the beam range.
· CCA detection threshold

For LTE-LAA, due to 20MHz channel and omni-directional channel detection mode, the CCA energy detection threshold is unique for the transmission nodes. For NR-U, if channel access uses beam-based LBT, the CCA energy detection threshold for the transmission node may change due to beamforming gain is introduced in EIRP of  calculation. Wherein, EIRP=Tx power + antenna gain + beamforming gain. Therefore, it is necessary to discuss and study the calculation method of EIRP and appropriate CCA detection threshold for beam-based LBT in NR-U. 
Proposal 3: Beam-based LBT mechanism should be studied to improve the probability of successful channel access and the accuracy of CCA detection, e.g., enhanced calculation method of observed interference in the beam range, CCA detection threshold for directional transmission. 
Receiver assisted LBT
Receiver assisted LBT has been supported to enhance performance beyond the baseline LBT mechanisms in RAN1 #92bis meeting. Based on this, we need to further study the hidden node problems in the beam-based LBT operation. Due to beam-based sensing operation, the hidden nodes problem will become more severe as shown in Figure 1. For example, both BS1 and BS2 adopt directional beam mode to transmit/receive. BS1 senses channel idle and transmits to UE1. BS2 in its beam direction 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. For this case, the beam-based LBT can be enhanced such as the target UE perform a beam-based LBT and send out a short indication signal. Therefore, receiver assistance should be support to help mitigation potential hidden node issue.


Figure 1: directional Tx/Rx
Proposal 4: For beam-based LBT manner, some receiver assistance methods (e.g., the receiver perform a beam-based LBT and send out a short indication signal) should be supported to help mitigation of potential hidden node issue.
LBT for wideband
In NR, it has been agreed that the maximum channel bandwidth per NR carrier is 100MHz for blow 6GHz and 400MHz for 6~52.6GHz. While in RAN1 #92bis meeting, similar conclusion for NR-U has been reached that the NR-U operating bandwidth is an integer multiple of 20MHz. That is to say, NR-U bandwidth/BWP can be split into multiple 20MHz subbands in sub-7 GHz and LBT can performed individually on each 20MHz subband. Based on this conclusion, LBT for wideband can be done in a similar manner as it is done for LTE-LAA multiple CCs (e.g., Type A/B) in TS 36.213 Section 15.1.5[5]. Therefore, considering coexistence fairness with incumbent systems, LBT for wideband can reuse LTE-LAA multiple CCs LBT (e.g., Type A/B) manner.
Proposal 5: Considering coexistence fairness with incumbent systems, LBT for wideband can reuse LTE-LAA multiple CCs LBT (e.g., Type A/B) manner.
 LBT for MCOT Sharing between DL and UL
In LTE-LAA, if the nodes perform Cat-4 LBT with omni-directional beam success, it is allowed to transmit within a MCOT. Further, if this MCOT is shared by other nodes (e.g., eNB or UE), the other nodes need to perform Cat-2 LBT with omni-directional beam. 
Different from LTE-LAA, NR takes advantage of beamforming technology and TRP-based topology to expand cell coverage and also enhance edge user performance. With these features, LBT for MCOT in NR-U may be different compared with LTE-LAA. Owing to the beamforming transmission modes, in order to transmit message to the serving UEs in a certain range, TRP needs to transmit different beams toward different directions, which can be within the same or different time units. Therefore, if simply reuse LTE-LAA LBT for MOCT, that is to say, gNB only perform beam-based LBT once at the beginning of the MCOT and non-LBT for different DL transmission time units within MCOT, then for one TRP, it may happen that within MCOT some beams experience an unoccupied channel and the other beams encounter a channel with higher interference from other coexisting nodes. 
Therefore, we suggest that some modifications are needed for channel access mechanism/procedure of MOCT or introduction of channel access gap between consecutive DL or UL with different beams within MCOT.
Besides, if the gap between DL and UL (e.g., UCI) within MCOT is smaller than 16us, then non-LBT can be introduced for UL transmission.
Proposal 6: Channel condition difference for different beams should be considered when designing the channel access mechanism for MCOT sharing between DL and UL in NR unlicensed spectrum. 
[bookmark: IDX-CHP-8-0992][bookmark: IDX-CHP-8-0993][bookmark: IDX-CHP-8-0994][bookmark: IDX-CHP-8-0995][bookmark: IDX-CHP-8-0996] Conclusion 
In this contribution, we share our views on channel access mechanism for NR-U. We have the following proposals:
Proposal 1: NR-U should consider the following regulatory requirements when designing channel access mechanism:
· LBT/CCA
· DFS
· FR (frequency reuse)
· COT
· OCB
· EIRP &PSD 
Proposal 2: Frequency reuse should be supported in NR-U and some methods of frequency reuse can be considered such as blank pattern method.
Proposal 3: Beam-based LBT mechanism should be studied to improve the probability of successful channel access and the accuracy of CCA detection, e.g., enhanced calculation method of observed interference in the beam range, CCA detection threshold for directional transmission.
Proposal 4: For beam-based LBT manner, some receiver assistance methods (e.g., the receiver perform a beam-based LBT and send out a short indication signal) should be supported to help mitigation of potential hidden node issue.
Proposal 5: Considering coexistence fairness with incumbent systems, LBT for wideband can reuse LTE-LAA multiple CCs LBT (e.g., Type A/B) manner.
Proposal 6: Channel condition difference for different beams should be considered when designing the channel access mechanism for MCOT sharing between DL and UL in NR unlicensed spectrum. 
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