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Introduction
[bookmark: _Ref129681832]Based on the Rel-16 study on NR beyond 52.6GHz captured in [1], it was decided to extend FR2 operation up to 71GHz with the adoption of one or more new numerologies to be identified by the study on waveform for NR > 52.6GHz. The SID [2] therefore focuses on studying the required support for NR to extend the operation between 52.6 and 71GHz including identifying critical issues of physical signals and channel design as well as studying the channel access mechanism considering potential interference to/from other nodes and 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. 
In addition, the WID [3] extends NR operation up to 71GHz considering both licensed and unlicensed operation, wherein the NR-U defined procedures for operation in unlicensed spectrum will also be leveraged towards operation in the unlicensed 60GHz band.
From RAN1 perspective, some physical layer aspects and procedures were identified as objectives of the WI such as the time line related aspects adapted to each of the new numerologies, supporting of up to 64 SSB beams for licensed and unlicensed operation, and the channel access mechanism assuming beam based operation in compliance with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz. It was also noted that for operation in such extended frequency band, NR/NR-U operation can be in stand-alone or aggregated via CA or DC with an anchor carrier.
In this contribution, we discuss the channel access mechanism for operation in the 60GHz unlicensed in different scenarios. The adaptability of the energy detection threshold for directional LBT as well as the channel access parameters for CAT4 LBT are also discussed. Finally, advanced channel access mechanisms such as receiver-assisted LBT are discussed.   
Overview of channelization and regulations in the 60GHz band
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Fig. 1 Availability of the 60GHz spectrum band in different regions of the globe 
According to the study in [1], the availability of bands in the 52.6GHz to 71GHz range has been verified globally. For the most part, as shown in Fig.1, it is full availability of the original 60GHz band (57-66GHz) in regions such as the USA, Canada, EU, and Japan, or partial availability in other regions such as China, South Korea, and Australia. Fig. 1 also shows that the extended 60GHz band (57-71GHz) is available in USA and Canada. As per the ITU-R requirements for Multiple Gigabit Wireless Systems (MGWS) operating in the 60GHz band [4], a maximum channel bandwidth of 2.16 GHz is considered and bonding of channels is allowed. 
It is noted that the channels and center  frequencies depicted by FIG. 1 are those adopted by 802.11ad (DMG) and the soon to be finalized standard 802.11ay (EDMG) which further supports channel bonding and/or aggregation rendering the following possible transmission bandwidths of a PPDU: 2.16GHz, 4.32GHz, 6.48GHz, 8.64GHz, 2.16+2.16GHz, and  4.32+4.32GHz.
Table 1: Summary of key regulatory aspects in the 60GHz band
	
	EN 302 567
v 2.1.1) MGWS
	EN 303 722 V0.0.2 WDTS
	FCC 13-112A1
(indoor/outdoor)
	China

	Fc range
	57-66GHz
	57-71GHz
	57-71GHz
	59-64GHz

	PSD
(EIRP)
	13dBm/MHz
	23dBm/MHz
38dBm/MHz for fixed outdoor with  30 dBi gain 
	NA
	NA

	RF Pwr
(EIRP)
	40dBm
	if GA < 13 dBi, 27dBm+GA;
if 13dBi ≤ GA < 30dBi, 40dBm;
If 30 dBi ≤ GA, 
40 dBm or 55 dBm (for fixed outdoor)
	Indoor: 40dBm avg/43dBm Peak
Outdoor PtP: 82dBm when Gant>51dBi; 82-2*(51-Gant) when Gant≤51dBi
	47dBm peak; 44dBm avg;
10dBm per antenna

	Adaptivity
	LBT (Mandatory)
	TBD ?
	NA
	NA

	OCB
	70%
	70%
	NA
	NA

	MCOT
	5ms
	TBD ?
	NA
	NA

	EDT
	-47dBm+(40 dBm - Pout (dBm))
	TBD ?
	NA
	NA



A summary of the key region-specific regulatory aspects in the 60GHz band is provided in Table 1. 
It can be observed that a minimum Occupied Channel Bandwidth (OCB) containing 99% of the power of the signal is not required in the US and China regions. This is also the case for Japan, South Korea, Australia, and Singapore. Whereas, in EU, the OCB shall be between 70% and 100% of the declared Nominal Channel Bandwidth as per the HS for both MGWS and WDTS (Wideband Data Transmission Systems for fixed network radio equipment).
More importantly, while the Listen Before Talk (LBT) protocol is still mandatory in EU for MGWS to facilitate spectrum sharing through energy-detection based Clear Channel Assessment (CCA), LBT has not been mandated yet for WDTS and is not mandatory in US, China, Japan, South Korea, Australia, and Singapore.
Following the region specific requirements of LBT, the Energy Detection Threshold (EDT) to be used for CCA, is not applicable to USA, China and the regions wherein LBT is not mandatory. Whereas, for the EU, so far only the HS for MGWS regulates the EDT to be -47 dBm + 10 × log10 (PMax / Pout) where Pout is the RF output power (EIRP) and PMax is its maximum power level (EIRP) which is set to 40 dBm.
Realizing the need for the prospective networks to exploit the mmWave operation whereby the wireless nodes can be equipped with a large number of antenna elements, the impact of beamforming and highly directional transmissions has been captured in some regulations above at least in terms of the EIRP RF output power allowed given the antenna gain used in the transmission.
Channel access mechanism in the 60 GHz unlicensed band 
Beamforming brings high link gain and enables interference rejection. The narrow beam can enhance the spatial reuse and change the interference layout. For a received signal, the detected energy will be much amplified when the receive beam aligns with the direction of the transmitted signal, otherwise it will be attenuated. Therefore, interference fluctuates more dramatically when beamforming is adopted. However, LBT can still be used while beamforming is performed. 
[bookmark: OLE_LINK41]Quasi-omni-directional LBT: LBT with energy detection considering no array gain is called quasi-omni-directional LBT. This mechanism is used in IEEE 802.11ad/ay systems and can be introduced in the NR-U system for operation in the same 60GHz band. From an implementation point of view, it is easy to implement and can simplify the system design. However, quasi-omnidirectional LBT could cause an ‘over protection’ problem. For example, as captured in Fig. 2, one strong signal sensed from one beam direction could block the transmission on all directions even if the transmission will not interfere with the transmissions of other nodes in other beam directions. Quasi-omnidirectional LBT could thus decrease the probability of spatial reuse. 
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Fig. 2: Quasi-omni versus directional LBT 

Directional LBT: LBT with energy detection via narrow beam is called directional LBT. It has the merit to improve the probability of successful channel access and enhance the spatial reuse,  However, directional LBT covers one beam direction per transmission and one beam covers a few number of UEs in that direction. The spatial reuse can be improved as such if one or multiple UEs in close proximity are intended for a directional transmission. In order to cover many UEs in all different directions such as in beam sweeping, the gNB would rather perform (quasi)-omnidirectional LBT to reduce the overhead and complexity caused by directional LBT. Thus, how to design the directional LBT mechanism to obtain the spatial reuse gain with less overhead needs to be studied.
It is also worth noting that when directional LBT is performed at the transmitter side, the hidden node issue could be more emphasized due to the limited sensing direction. Therefore, additional mechanisms should be introduced to address that issue as discussed in Section 5.


 
No LBT: Also known as CAT1 LBT. In 802.11ad/ay No-LBT is used within the Service Period or in TDD mode. Such a mechanism, although not yet defined by the EU regulations for MGWS, could be similarly adopted for NR-U operation in the 60GHz band. Furthermore, we observe that No LBT can also be used to initiate a channel occupancy in that spectrum band for highly directional transmissions, e.g., point-to-point (P2P) communication links with beamforming gain GA > X dBi. This observation is informed by the indoor simulation results captured in Fig. 3 from which it can be seen that LBT actually degrades the capacity for such highly directional links as opposed to No-LBT. Details of the system level simulation scenario and parameters are provided in our companion contribution [5].We note that these results still confirm the benefits of LBT to wider beam transmissions, as would be the case with the asymptotic case of omni-directional transmissions, especially at medium to high load.   
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Fig. 3: Impact of the channel access mechanism on highly directional and wide beam transmissions in the indoor scenario under different loading conditions 

Proposal 1：For operation in the 60 GHz band, Omni LBT, directional LBT and No LBT could be considered in different scenarios. 

Channel access parameters
Table 2 compares the values of key channel access parameters as applicable to the LBT type between the ETSI BRAN HS and those adopted by 802.11ad and inherited thereafter by 802.11ay. For operation in the 60GHz band (NR-U-60), we propose that the corresponding parameters for operation in the 5/6GHz in NR-U Rel-16 should be modified in accordance with the ETSI BRAN HS. Inter-frame spacing durations (SIFS, PIFS, and DIFS) as well as CW minimum and maximum values could be the starting point.
Finally, we note that the same procedures specified for CWS adjustment and multi-channel access in Rel-16 NR-U should be adopted for NR-U-60 with necessary modifications.   

Table 2: Channel access parameters in consideration for NR-U-60
	
	EN 302 567 v2.1.1
	802.11ad/ay

	No LBT/
CAT1 LBT
	NA
	Y (after SIFS=3us) or in SP/TDD mode

	CAT2 LBT
	NA
	Y, PIFS (=8us)

	CAT4 LBT
	Td  = 8us, 
Tsl = 5us
CWmin = 0
CWmax = 127,
	DIFS=13/18/38us 
SIFS= 3us
Tsl = 5us 
CWmin = 3/7/15
Cwmax = 7/15/1023

	MCOT
	5ms
	NA

	COT sharing
	NA
	Y, bi-directional

	Paused COT
	NA
	N

	CWS update
	NA
	Y, 

	Multi channel
	NA
	Y, Hierarchical 




Proposal 2：For operation in the 60 GHz band, NR-U could consider to modify the channel access parameters for 5/6GHz in accordance with the ETSI BRAN Harmonized Standard if LBT is necessary. 
Proposal 3：The procedures specified for CWS adjustment and multi-channel access in Rel-16 NR-U could be considered for operation in the 60 GHz band with necessary modifications if LBT is necessary.

Receiver-assisted directional LBT  
In the unlicensed spectrum, LBT is typically performed before the transmitter expects to transmit on the unlicensed channel to protect the ongoing transmission from other devices. In general, there are two purposes for channel sensing:  (1) determine whether the potential transmission might cause interference to other ongoing transmissions; (2) determine whether the designated receiver is experiencing interference from other ongoing transmissions. Channel sensing only at the transmitter side is efficient when the assumption is valid that the interference sensed at the transmitter side is equivalent to that sensed at the receiving end. This is a widely adopted channel sensing mechanism in the low frequency, such as the 5GHz band, in which technologies such as WiFi (e.g. IEEE802.11ac/ax), 3GPP LTE LAA and R16 NR-U coexist. 
However, in the high frequency, e.g. the 60GHz band, due to the beamforming and large path loss, LBT at the transmitter side with (quasi)-omni antenna has the following drawbacks: (1) Hidden node issue, due to the transmitter’s inability to detect the interference at the receiver. (2) Exposed node issue, due to the transmitter maybe detecting tolerable/harmless interference to the receiver. 
Therefore, a general approach for NR-U transmission to avoid the above issues should be through supporting receiver-assisted LBT such as a configurable handshake mechanism between the gNB and the UE as shown in Fig. 2. For DL transmission, UE could perform directional LBT with receiving spatial filter for PDSCH indicated by PDCCH to ensure no interference from others; gNB could perform omni LBT in order to avoid interference to others. Similarly, for UL transmission, gNB could perform directional LBT with receiving spatial filter for PUSCH whereas the UE performs omni LBT in order to avoid interference to others. 
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(a) DL transmission
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(b) UL transmission
Fig. 2. LBT with receiver assisted mechanism for NR-U in the 60GHz unlicensed band

Proposal 4：NR-U can consider receiver-assisted LBT with directional LBT in 60GHz unlicensed band.
 

Conclusions
Based on the discussions, the following proposals are made:
Proposal 1：For operation in the 60 GHz band, Omni LBT, directional LBT and No LBT could be considered in different scenarios. 
Proposal 2：For operation in the 60 GHz band, NR-U could consider to modify the channel access parameters for 5/6GHz in accordance with the ETSI BRAN Harmonized Standard if LBT is necessary. 
Proposal 3：The procedures specified for CWS adjustment and multi-channel access in Rel-16 NR-U could be considered for operation in the 60 GHz band with necessary modifications if LBT is necessary.
Proposal 4：NR-U can consider receiver-assisted LBT with directional LBT in 60GHz unlicensed band.
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32T4R DL mean UPT(Mbps)

No-LBT	Low	Medium	High	1985.4	1469.5	871.4	Omin-LBT	Low	Medium	High	1640.8	1225.9000000000001	700.9	Direct-LBT	Low	Medium	High	1658.5	1293.7	776.6	Receiver-assistant-LBT	Low	Medium	High	1710.1	1467.9	933.9	



32T4R DL 10% UPT(Mbps)

No-LBT	Low	Medium	High	811.1	288.5	56.6	Omin-LBT	Low	Medium	High	692	258.89999999999998	33.299999999999997	Direct-LBT	Low	Medium	High	719.4	336	81.900000000000006	Receiver-assistant-LBT	Low	Medium	High	826.9	499.6	106.4	



256T32R DL mean UPT(Mbps)  

No-LBT	Low	Medium	High	2235.5	1991.2	1804.5	Omin-LBT	Low	Medium	High	1836.4	1626.1	1722.7	Direct-LBT	Low	Medium	High	1844.8	1643	1766.1	Receiver-assistant-LBT	Low	Medium	High	1847.4	1648.5	1795	
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