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1 [bookmark: _Ref513464071]Introduction
NR specifications that have been developed in Rel-15 and Rel-16 define operations for frequencies up to 52.6GHz, for which the physical layer is designed to be optimized. To further exploit the mmWave frequency resources, bands beyond 52.6GHz are being considered. As an initial step, 3GPP RAN has studied requirements for NR beyond 52.6GHz up to 114.25GHz including global spectrum availability and regulatory requirements (including channelization and licensing regimes), potential use cases and deployment scenarios, and NR system design requirements and considerations on top of regulatory requirements [1]. Among the frequencies of interest, frequencies between 52.6 GHz and 71 GHz attract more interest relatively in the short term because of their proximity to sub-52.6GHz for which the current NR system is optimized and the imminent commercial opportunities for high data rate communications, e.g., unlicensed spectrum but also licensed spectrum between 52.6GHz and 71GHz.
In RAN #86, a new SI was approved to study on supporting NR from 52.6GHz to 71GHz. The objectives of this SI include:
· Study of required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz
· Study of applicable numerology including subcarrier spacing, channel BW (including maximum BW), and their impact to FR2 physical layer design to support system functionality considering practical RF impairments [RAN1, RAN4].
· Identify potential critical problems to physical signal/channels, if any [RAN1].

· Study of channel access mechanism, considering potential interference to/from other nodes, assuming beam based operation, in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz [RAN1].
· Note: It is clarified that potential interference impact, if identified, may require interference mitigation solutions as part of channel access mechanism.   


In this contribution, we discuss the channel access mechanism to support NR operations on the band from 52.6GHz to 71GHz.
2 Discussions
In Rel-16 NR-U, channel access mechanisms for sub-7GHz unlicensed spectrum are defined. In our view, these mechanisms should be starting points for the design of channel access mechanism for 60GHz unlicensed band. However, there are quite a lot of differences between the 60GHz unlicensed band and the sub-7GHz unlicensed band, such as the narrower beam-based transmission and reception, the wider available bandwidth, different allowed TX power and antenna gains, and different coexisting systems, etc. These differences should be considered in the design of channel access mechanisms.
Proposal 1: Rel-16 Channel Access Mechanisms for sub-7GHz unlicensed spectrum are starting points for the design of channel access mechanism for unlicensed band between 52.6GHz and 71GHz. 
In [1], the available spectrum and regulatory requirements for the bands above 52.6GHz in different countries and regions are summarized. It is noted that, for all the countries and regions which have been studied, there is no mandatory regulation on the Occupied Channel Bandwidth (OCB) requirement in this spectrum band. For the channel access mechanisms, only Europe requires adequate spectrum sharing mechanism (e.g. Listen-before-Talk, Detect-And-Avoid) be implemented by the equipment in the frequency band from 51GHz to 66GHz, and the other countries and regions have no mandatory requirement on LBT. Furthermore, there is no regulation rule on the maximum channel occupation time for all the countries. Regarding the maximum TX power, conducted power and ERIP are both used as the metrics for most counties. For the indoor use, ERIP around ~40dBm is allowed for most countries, and allowed antenna gain could be up to ~30dBi for some countries (e.g., China, South Africa). For outdoor scenario, higher EIRP is allowed (e.g., 82dBm for fixed outdoor equipment in the USA). 
In summary, the regulatory restrictions on the unlicensed spectrum between 52.6GHz and 71GHz are much relaxed compared to the unlicensed band of sub-7GHz, and the regulations among countries vary a lot. Therefore, the LBT design (e.g., the sensing bandwidth, the max duration of COT, the CWS duration, etc.) should be flexible enough to meet different requirements in different countries.
Proposal 2: Flexible LBT design (e.g., in terms of the sensing bandwidth, the max duration of COT, the CWS duration, etc.) could be considered for the unlicensed band between 52.6GHz and 71GHz to meet different requirements in different countries or regions. 

[bookmark: _Hlk534382256]Beam-based LBT
In Rel-16 NR-U, directional LBT was discussed but not supported. One of the reasons is that most of the PHY channels and signals are not typically transmitted with narrow beam in the sub-7GHz spectrum, therefore it is not necessary to support beam based LBT. However, for the bands between 52.6GHz and 71GHz, the power gain brought by beam-based transmission and reception is critical to overcome the coverage shortage of the mmWave spectrum. 
[bookmark: OLE_LINK247][bookmark: OLE_LINK248][bookmark: OLE_LINK249][bookmark: OLE_LINK218][bookmark: OLE_LINK219][bookmark: OLE_LINK250]For beam-based LBT, due to the limited range of a direction for signal reception, the LBT outcomes are only dependent on whether potential interference may occur in the direction of the LBT beam. Therefore, the success rate of a beam-based LBT could be increased compared to an omni-directional LBT, and spatial reuse could also be improved in the dense deployment scenario. However, upon a successful LBT, gNB/UE is limited to transmit a signal in a direction covered the beamwidth of the LBT RX beam. 
BF gain is usually inversely correlated with the beamwidth, as a result the RX BF gain of LBT may not exactly match with TX BF gain in case of beam-based LBT is applied. Such a gap of BF gain may have impact on the setting of energy detection threshold. A lower energy detection threshold means more sensitive to received power, probably leading to reduction of success rate of LBTs. As [1] indicates, the required minimum BF gain in the indoor deployment could be 30dBi or higher for some countries and regions. The gap of BF gains between the LBT RX beam and TX beam will have a significant impact on the energy detection outcomes. 
Proposal 3: Beam-based LBT at both gNB side and UE side for the unlicensed band between 52.6GHz and 71GHz could be considered. 
Proposal 4: Study the impact of energy detection threshold setting on the performance in the scenarios where TX BF gain and RX BF gain are not matched. 

Receiver assisted LBT
[bookmark: OLE_LINK253][bookmark: OLE_LINK254][bookmark: OLE_LINK255]As aforementioned, beam based LBT is beneficial for improving the success rate of LBT. However, since only limited range of directions are sensed, the hidden node problems could be more severe. In Rel-16 NR-U, receiver-assisted LBT was discussed with the motivation of alleviating the hidden node problem, but it is not supported. However, for the bands between 52.6GHz and 71GHz, since the beam width can be much narrower than the band of sub-7GHz, the necessity of the receiver assisted LBT could be re-evaluated.
A straightforward method of the receiver-assisted LBT is to use the WiFi-like RTS/CTS mechanism. However, a feedback channel is needed for the receiver to report/inform the LBT outcomes. Take DL as an example, after a successful LBT, gNB may transmit a RTS-alike signal with a DL channel (e.g., a group common PDCCH). Once UE receives the signal, it performs the LBT, and UE may transmit a CTS-alike signal using an existing UL PHY channel (e.g., PUCCH channel) after it executes a LBT and the LBT outcome is positive. Furthermore, a transmission gap, e.g., 16 μs, after the RTS-like signal transmitted by gNB is needed for the UE to perform the LBT. 
Furthermore, it is also possible to indicate multiple UEs to perform LBT and feedback their corresponding CTS-alike signals to gNB. Due to different locations of the UEs, victim hidden nodes can be sensed more easily than the case where only a single UE performs LBT.
[bookmark: OLE_LINK226][bookmark: OLE_LINK227]Proposal 5: Study the necessity of receiver assisted LBT for the unlicensed band between 52.6GHz and 71GHz, the exiting DL/UL channels can be considered to convey the RTS/CTS like signals. 

LBT for DRS
In Rel-16 NR-U, new DRS bursts are introduced based on the Rel-15 SSB structure with necessary changes. As shown in Figure 1, for each SSB, multiple transmission opportunities are provided, and the actual transmission opportunity is determined based on the LBT outcomes. The SSB index is determined based on the candidate position and the number of actual transmitted SSB. For the 60GHz unlicensed band, beam-based LBT (a.k.a., directional LBT) should be considered for the DRS design, which is beneficial for increasing the transmission opportunities. For DRS design, up to 64 SSB beams should be supported. However, considering the large number of SSB, if LBT is performed individually for each SSB, the overall overhead will be considerably large. Therefore, it could be studied how to reduce the LBT overhead for directional LBT. To get a tradeoff between the overhead and LBT success rate, wide-beam or multi-beam based LBT may be considered. With a wide or multiple receiving beam for LBT, multiple consecutive SSBs may share a single LBT process, then the number of times required by LBT could be reduced. 


[bookmark: OLE_LINK229][bookmark: OLE_LINK230][bookmark: OLE_LINK231][bookmark: OLE_LINK232]Figure 1. the DRS design of Rel-16 NRU
Proposal 6: Study mechanisms to reduce the overhead of LBT for DRS transmissions, e.g., using wide-beam/multi-beam based LBT for DRS.

COT sharing
[bookmark: OLE_LINK233][bookmark: OLE_LINK234][bookmark: OLE_LINK244][bookmark: OLE_LINK245][bookmark: OLE_LINK246][bookmark: OLE_LINK256][bookmark: OLE_LINK257]In Rel-16 NR-U, gNB and UE can share a COT acquired by each other. However, for bands between 52.6GHz and 71GHz, as Figure 2 depicted, gNB and UE may both use narrow beam for LBT and data transmission, and they may have different beam width and beam direction. Whether and how the COT can be shared between them need further studies. Take gNB initialed COT as an example, assuming gNB acquires a COT by directional LBT, it only reflects that a range of directions within the beamwidth of the gNB LBT RX beam are clear for transmission. In the COT, for DL transmission, gNB can determine whether a transmission is within the LBT beam easily. However, for UL transmission, the location and beam width of UE may be not precisely known by gNB. If UE transmits signals in the COT without LBT or with an inappropriate type of LBT, interference may occur if a victim is located in the coverage of UE but not in the coverage of gNB. Therefore, it needs further study of the mechanisms to enable the COT sharing in the case that directional LBT is used for both gNB and UE.
[bookmark: OLE_LINK239][bookmark: OLE_LINK240][bookmark: OLE_LINK241]Proposal 7: Study mechanisms to enable the COT sharing between gNB and UE in the case that directional LBT is used for both gNB and UE.


Figure 2. Example of the beam used by gNB and UEs
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]For gNB initiated COT, UEs that can be scheduled are limited by the LBT RX beam direction. Therefore, if a single beam is used to acquire the COT, the UEs which are not covered by the LBT RX beam cannot be scheduled in this COT. This may degrade the system performance and increase the UE latency. Furthermore, LBT with a single beam may increase the consumed time of LBT if channels covered by the beam direction is occupied by other nodes with a certain probability. To avoid the drawbacks of the single beam LBT, LBT with multiple beam directions can be considered. Due to the diversity effect by the multiple beam direction, the LBT time consumption may be saved and the UE transmissions opportunities may be increased. 
[bookmark: _Hlk534382284][bookmark: _Hlk534382311]Proposal 8: Multi-beam based LBT by gNB/UE to acquire a COT could be considered.

3 Conclusion
[bookmark: _GoBack]In this contribution, we provide our views on the channel access mechanisms in the bands from 52.6GHz to 71GHz. Our proposals are as follows:
Proposal 1: Rel-16 Channel Access Mechanisms for sub-7GHz unlicensed spectrum are starting points for the design of channel access mechanism for unlicensed band between 52.6GHz and 71GHz. 
Proposal 2: Flexible LBT design (e.g., in terms of the sensing bandwidth, the max duration of COT, the CWS duration, etc.) could be considered for the unlicensed band between 52.6GHz and 71GHz to meet different requirements in different countries or regions. 
Proposal 3: Beam-based LBT at both gNB side and UE side for the unlicensed band between 52.6GHz and 71GHz could be considered. 
Proposal 4: Study the impact of energy detection threshold setting on the performance in the scenarios where TX BF gain and RX BF gain are not matched. 
Proposal 5: Study the necessity of receiver assisted LBT for the unlicensed band between 52.6GHz and 71GHz, the exiting DL/UL channels can be considered to convey the RTS/CTS like signals. 
Proposal 6: Study mechanisms to reduce the overhead of LBT for DRS transmissions, e.g., using wide-beam/multi-beam based LBT for DRS.
Proposal 7: Study mechanisms to enable the COT sharing between gNB and UE in the case that directional LBT is used for both gNB and UE.
Proposal 8: Multi-beam based LBT by gNB/UE to acquire a COT could be considered.
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