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Introduction
 
In RAN1#92bis meeting, the following agreement on channel access was made [1].
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

Further, in RAN1#93 meeting, the following agreement on channel access was made [2]
Agreement:
· LTE-LAA channel access mechanism is adopted as baseline for 5GHz 
· Further enhancements not precluded 
· LTE-LAA channel access mechanism is adopted as starting point of the design for 6GHz 
· Further enhancements not precluded 
· For 5GHz band, a no-LBT option is beneficial for NR-U, such as for supporting fast A/N feedback, and is permitted per regulation. 
· Restrictions/conditions on when no-LBT option can be used will be further identified, e.g., in consideration of fair coexistence. 
· No-LBT option can be applied to 6GHz band if allowed by regulation
· Restrictions/conditions on when no-LBT option can be used will be further identified, if fair coexistence criterion is defined for 6GHz band
Note: Channel access mechanisms need to comply with regulations and may therefore need to be adapted for particular frequency ranges.

In this contribution, we will further discuss challenges and design options we think RAN1 should consider for unlicensed NR with respect to channel access procedures.

Discussion

LBT procedures for channel access
As agreed in RAN1#92bis the LTE-LAA LBT mechanism is assumed as baseline for evaluations for operation in the 5GHz band. Also as agreed in RAN1#93, for 5GHz and 6GHz bands, a no-LBT option would be beneficial for NR-U, such as for supporting fast A/N feedback.
In Release 13 LTE LAA SI, RAN1 studied and categorized LBT as below [3].
- Category 1: No LBT
- Category 2: LBT without random back-off
- Category 3: LBT with random back-off with a contention window of fixed size
- Category 4: LBT with random back-off with a contention window of variable size
For category 1 and 2, there is no or small latency of LBT procedure, while it entails a lot of collisions between transmissions from unmanaged nodes. On the other hand, for category 3 and 4, fair co-existence could be ensured by sacrificing spectral efficiency and latency.
Basically, in LTE LAA, transmission of physical channels/signals is subject to LBT category 4 in order to ensure fair co-existence with Wi-Fi. In some cases, LBT category 2 could be adopted for some physical channels and signals (e.g. DRS not including PDSCH, PUSCH indicated as type 2 channel access procedure). In cases of short transmission duration or conditions in which transmission is scheduled within COT, LBT category 2 could be adopted. In NR, various physical channels and signals were defined. For example, short PUCCH and PRACH with short format consisting of 1 or 2 symbols were introduced. Since PUCCH and PRACH are important for the radio link, it would be considered that LBT category 1 or 2 could be adopted for transmission of these channels, such as ACK transmission on Wi-Fi. Similar views on adapting the LBT category and priority for different channels and services were mentioned in other documents submitted to RAN1#93, e.g [4, 5].
[bookmark: _GoBack]Moreover, NR can change numerology from 15 kHz SCS to 240 kHz SCS. It means that transmission length of each channel can become shorter if higher SCS is used. In that case, possibility to adopt LBT procedure with fast processing would be increased because collision impact of these shorter transmissions could be negligible. Furthermore, if the transmitter knows by measurements such as statistics from multiple LBT procedures and/or channel occupancy measurements that no victim node exists between the links, LBT may temporary be modified to operate with fast processing. As another aspect, the energy detection level may be configured differently depending on the physical channel/signal type, in order to adapt the LBT performance towards different transmission delay probabilities.
Therefore, we support the study of various LBT options per channel type and further that NR could adopt LBT categories with fast processing depending on transmission duration, information type or QoS, condition of channel occupancy, the degree of congestion, etc.
Proposal 1: Consider adopting LBT procedure (no LBT, LBT without random back-off, and LBT with random back-off with a short contention window, energy detection level) to each NR physical channel/signal transmission depending on transmission duration, information type or QoS, condition of channel occupancy, the degree of congestion, etc.

Frequency usage
As agreed in RAN1#92bis the baseline for this study is that 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. Further, LBT can be performed in units of 20MHz.  Similar proposals have also been introduced during RAN1#93 in e.g. [6].
Within NR the BWP concept has been introduced, and this can be useful for such operation of NR with channel sensing split into smaller units of the total bandwidth. If the total bandwidth is split into multiple units using BWPs, each BWP could consist of one or multiple 20MHz units where the LBT procedure could operate per 20MHz unit. In case multiple BWPs are configured it could be beneficial if reconfigurations of the used BWPs over time could be done quickly, reducing the interference due to coexistence depending on the variations in channel utilization from different networks and systems.
In licensed NR, BWPs are activated via RRC signaling and DCI. However for use in unlicensed bands there are likely to be some limitations and drawbacks in the current BWP specifications for licensed NR operation. This was also highlighted in RAN1#93 in e.g. [7]. 
In order to utilize the BWP concept for fast and efficient access to the unlicensed channel when using e.g. LBT operations, we therefore propose to study BWP activation and switching enhancements within the unlicensed NR operations and also enhancements on how to operate with multiple active BWPs. Such enhancements could include considering new measurements and reporting to support system awareness of the current channel properties of configured BWPs. We suggest to study if multiple channels can be configured on RRC level and to use L1 signaling for efficient channel switching based on current radio conditions.
Proposal 2: Study benefits of fast activation and switching for multiple BWPs configurations, aimed for improving the channel access.
Further we consider an allocated carrier/channel may be relatively wide and in an unlicensed system it could be beneficial to view such a wide channel as a multiple of 20MHz units/sub-channels with individual usage based on current radio conditions for each sub-channel. 
Multiple methods are possible, e.g. network to control which 20MHz units to use for each transmission, or to configure that transmitting devices always perform LBT over all 20MHz units in the BWP, or to define some kind of priority order for LBT among the multiple configured 20MHz units. We propose that these aspects are studied, to analyze pros and cons for different LBT strategies.
Proposal 3: Study how to perform LBT among a multiple configured 20MHz units, for sub-7GHz operation.

Directional LBT
In NR-based access to unlicensed spectrum, highly directional antennas bring two advantages. Transmission with beamforming allows high SINR to be achieved at the receiver, as supported in NR phase 1. Without beamforming, NR operation might not work in a high frequency band such as 60 GHz unlicensed spectrum due to severe propagation loss. In addition, through transmission with narrow beams, spatial reuse among several nodes could be enabled since the Tx node can reduce transmissions in unnecessary directions.
Observation 1: Transmission with narrow beams would be beneficial for increasing the link gain and enabling beam-based spatial reuse.
As agreed in RAN1#92bis techniques to cope with directional antennas/transmissions should be studied. Potential issues in applying high-gain beamforming on unlicensed spectrum is the increase in extra hidden nodes and handling of regulatory EIRP limitations. For example, in the case that the Tx node transmits a signal with high-gain beamforming but applies omni-directional LBT, the signal might reach a node which is located outside the coverage of the omni-directional LBT. If the Tx node transmits using beamforming, directional LBT might be useful for detecting other nodes. Another possible solution is RSSI measurement and reporting from UEs. In LTE LAA, RSSI measurement and reporting by UEs is introduced to detect hidden nodes seen from eNodeB. Also, in NR-based access to unlicensed spectrum, RSSI measurement and reporting would be useful for detecting hidden nodes. In addition, by using directional Rx antennas, UEs can measure RSSI directionally so that the gNodeB can acquire more detailed information on the communication environment around the gNodeB. Similar views were also mentioned in RAN1#93 in e.g. [8,9]. A further idea is to add information in the DL signal that can be used in beam selection to prioritize beams more likely to cause less interference and reduce the risk for hidden node problems. Such concept is e.g. discussed in [10].
Proposal 4: Study directional LBT and measurement mechanisms to alleviate hidden node problem especially in the higher frequency bands.

Conclusions
In this contribution, based on the above discussion we have the following observations and proposals:
Observation 1: Transmission with narrow beam would be beneficial for increasing link gain and enabling beam-based spatial reuse.

Proposal 1: Consider adopting LBT procedure (no LBT, LBT without random back-off, and LBT with random back-off with a short contention window, energy detection level) to each NR physical channel/signal transmission depending on transmission duration, information type or QoS, condition of channel occupancy, the degree of congestion, etc.
Proposal 2: Study benefits of fast activation and switching for multiple BWPs configurations, aimed for improving the channel access.
Proposal 3: Study how to perform LBT among a multiple of configured 20MHz units, for sub-7GHz operation.
Proposal 4: Study directional LBT and measurement mechanism to alleviate hidden node problem especially on the higher frequency bands.
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