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 Introduction
[bookmark: OLE_LINK15][bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK16]In the RAN #86 meeting, a new SID on supporting NR from 52.6 GHz to 71 GHz was agreed [1] and this study item will include the following objectives for channel access mechanism in 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 will share our views on channel access mechanism for frequencies between 52.6 GHz and 71 GHz in different aspects.
 Discussion
 Regulation rules
NR operation in unlicensed spectrum should target fair and friendly coexistence with incumbent systems (e.g. WiFi/NR-U) and intra-RAT services. To satisfy fair coexistence target, NR-U should fulfill regulatory requirements for above 52.6 GHz as following:
Channel access mechanism
Channel access procedure is a mechanism by which NR equipment performs a clear channel assessment (CCA) detection before transmission. This procedure seems to be directly used for above 52.6 GHz frequency band without sufficient studies, discussion and simulation evaluations. Different from low frequency band (e.g., 5GHz), high frequencies for above 52.6 GHz have high beamforming gain, which will probably invalidate the benefits from omni-directional beam based LBT as specified in LAA/eLAA/NR-U. So enhanced channel access mechanism should be considered for above 52.6 GHz.
Occupied Channel Bandwidth (OCB)
According to ETSI regulation in 60 GHz [2], the Occupied Channel Bandwidth is the bandwidth containing 99 % of the power of the signal, which shall be between 70 % and 100 % of the declared Nominal Channel Bandwidth (NCB). Wherein, The Nominal Channel Bandwidth is the widest band of frequencies, inclusive of guard bands, assigned to a single channel. It is difficult for every activated NR BWPs used by NR-U to occupy more than 70% of the NCB, i.e. the entire wider bandwidth. The constraints of OCB requirements on BWP and impact to LBT should be studied.
Channel Occupancy 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. According to ETSI regulation in 60 GHz [2]. The total time that an equipment makes use of an Operating Channel is defined as the Channel Occupancy Time, which shall be less than 9 ms, after which the device shall perform a new CCA.
Equivalent Isotropically Radiated Power (EIRP) and Power Spectral Density (PSD) 
In TR 38.807 [3], the following regulatory requirements in different regions were provided:
	Country
	Frequency band (GHz)
	EIRP
	PSD

	Europe
	57-66
	Mean EIRP = 40dBm
	13 dBm/MHz

	South Africa
	57-64
	Max EIRP 55dBm
Max Tx power 10dBm.
Min antenna gain 30dBi.
	/

	
	57-66
	Max EIRP 40dBm
	/

	USA
	57-71
	Indoor:
Max avg, EIRP 40dBm
Max peak EIRP 43dBm

	/

	
	
	Outdoor:
Max avg. EIRP (82 – 2N) dBm
Max peak EIRP (85 – 2N) dBm.
N = max(0, 51 dBi – antenna-gain)
	

	Canada
	57-64
	Indoor: 
40dBm avg/43dBm Peak
	/

	
	
	Outdoor PtP: 
82dBm when Gant>51dBi;
82-2× (51-Gant) when Gant≤51dBi
	

	Brazil
	
	Total Peak Power at transmitter output ≤ 27dBm (500mW)
	Max avg. Power Density: 9 microW/cm^2 @3m

Max peak Power Density: 18 microW/cm^2 @3m

	China
	59-64
	Output power of antenna port: ≤ 10 dBm

Peak  EIRP: 47dBm
Mean EIRP: ≤ 44 dBm
	/

	Korea
	57 – 66
	Max Tx power 500mW (beamformed antenna)
Max Tx power 100mW (omni-direction antenna).
Max PSD 13dBm/MHz
Max EIRP 57dBm
[Note 1]
	/



Based on the above requirement in different areas, 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., 40dBm for 57 GHz - 66 GHz band in South Africa. 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.
In summary, the above regulatory requirements should be supported for above 52.6 GHz. Further, some enhancement mechanism should be also further studied deeply to achieve good spectrum sharing with other systems..
Proposal 1: The following regulation rules for above 52.6 GHz, including channel access rule, OCB, COT, EIRP and PSD should be supported and enhanced to achieve good spectrum sharing with other systems.
[bookmark: _Toc28873153] Channel access mechanism for above 52.6 GHz
In LTE stage, 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, new features such as directional transmission and reception with much wider channel bandwidth are adopted to cope with the issue of severe channel condition for above 52.6 GHz frequency rand. LBT should 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. 
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 enhanced calculation method of observed interference in the beam range, CCA detection threshold for directional transmission. Wherein, LBT with energy detection via omni-directional beam in LTE-LAA can be considered as a baseline.
Proposal 2: A directional beam-based LBT mechanism should be studied and considered to improve the probability of successful access channel.
Proposal 3: The energy detection threshold needs to consider directional beam-based transmission feature for above 52.6 GHz.
Hidden/Exposed nodes
In high frequency band (e.g., above 52.6 GHz), if directional beam-based sensing mechanism is adopted, the hidden nodes problem will become more severe as shown in Figure 1. For example, assuming that gNB1 and gNB2 adopt directional beam mode to transmit/receive, gNB2 is transmitting to target UE2 while gNB1 is performing a channel sensing operation. At this time, gNB1 does not detect interference signal from gNB2, so it thinks that the current channel is idle and available, and thus would initiate a transmission to target UE1. But in fact, both UE1 and UE2 are within the coverage of gNB1 and gNB2 transmit beam, hence UE1 and UE2 might fail to receive the respective transmissions due to inter-RAT interference. 
[bookmark: _GoBack]Another problem is exposed nodes, that is, gNB2 is located in the sensing range of gNB1 and gNB2 is transmitting to target UE2 when gNB1 is performing a channel sensing procedure, for this situation, gNB1 senses channel as busy while no transmission date to target UE1 due to gNB2 is transmitting data to UE2, but actually a transmission from gNB1 to UE1 does not impact on a transmission from gNB2 to UE2. That is to say, the sensed power for gNB1 is much larger than the actual interference power, i.e. the channel is detected as busy, but it is actually not occupied. This case is benefit to protect ongoing gNB2 from interference impact, but at the expense of transmission opportunity of sensing node (e.g., gNB1).


                       
Figure 1: Hidden nodes problem                                    Figure 2: Exposed nodes problem
Based on the above situations, some methods to avoid the hidden/exposed nodes need to be studied, e.g., the receiving device performs a LBT mechanism and sends a indication signal. 
Proposal 4: In order to alleviate interference mismatch at Tx and Rx, a method that the receiving device performs a LBT mechanism and sends an indication signal can be considered.
 LBT for MCOT Sharing between DL and UL
In LTE-LAA, if the nodes perform Type1 channel access mechanism with omni-directional beam successfully, it is allowed to transmit within a MCOT. Further, if this MCOT can be shared with other nodes (e.g., eNB or UE), the other nodes need to perform Type 2 channel access mechanism 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, gNB 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 directional beam-based LBT once at the beginning of the MCOT and non-LBT for DL transmission within MCOT, then for one gNB, 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.
Proposal 5: 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. 
 Conclusion
In this contribution, we share some our views on channel access mechanism for frequencies between 52.6 GHz and 71 GHz in different aspects and provide the following proposal:
Proposal 1: The following regulation rules for above 52.6 GHz, including channel access rule, OCB, COT, EIRP and PSD should be supported and enhanced to achieve good spectrum sharing with other systems.
Proposal 2: A directional beam-based LBT mechanism should be studied and considered to improve the probability of successful access channel.
Proposal 3: The energy detection threshold needs to consider directional beam-based transmission feature for above 52.6 GHz.
Proposal 4: In order to alleviate interference mismatch at Tx and Rx, a method that the receiving device performs a LBT mechanism and sends an indication signal can be considered.
Proposal 5: 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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