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1 Introduction
In 3GPP TSG RAN Meeting #86, a new SID on studying the support of NR from 52.6 GHz to 71 GHz (RP-193228) [1] was approved. As part of the objectives of the studying item, the following aspects were included:
	· 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 the context of the channel access procedure for NR above 52.6 GHz, a few topics will be discussed:
a. Regulatory Requirements;
b. 11ax/11ay channel access mechanism;
c. Restrictions and implications based on current ETSI BRAN requirements. 

2 Channel Access Procedure for NR above 52.6 GHz
2.1 Considerations on Regulatory Requirements 
As a result of the SI [2], RAN1 has developed TR 38.807 [3] with the aim to: i) identify target spectrum ranges, including survey on global spectrum availability, regulatory requirements, channelization, and licensing regimes; ii) identify potential use cases and deployment scenarios; iii) identify NR design requirements and considerations on top of regulatory requirements. While, this document provides a very thorough analysis of the spectrum availability and regulatory requirements for the band of interest for this new SI [1], this is not up to date, and some of its information are no longer current. In particular, TR 38.807 does not capture the latest decisions that the CEPT ECC made in August 2019 [6], which was based on ECC recommendation made in June 2019 [4]. The CEPT ECC in fact decided to open for unlicensed use the full band from 57 GHz up to 71 GHz, which was originally limited between 57 GHz to 66 GHz and currently captured in TR 38.807. Furthermore, the CEPT ECC made the decision to limit the maximum PSD within the band 66 GHz to 71 GHz and indicated that for the band that goes from 57 GHz up to 71 GHz the maximum mean EIRP density should not exceed 23 dBm/MHz. For convenience, Table 1 and Table 2 provide a summary of the aforementioned decisions and the related text from the EU decision 2019/1345 [6].

[bookmark: _Ref40349054]Table 1. Frequency bands between 52.6 GHz and 71 GHz with corresponding harmonised technical conditions and implementation deadline for short-range devices
	Band no
	Frequency band
	Category of short-range device
	Transmit power limit/field strength limit/power density limit
	Additional parameters (channelling and/or channel access and occupation rules)
	Other usage restrictions
	Implementation deadline

	75
	57 – 71 GHz
	Wideband data transmission devices
	40 dBm e.i.r.p.. and 23 dBm/MHz e.i.r.p density
	Requirements on techniques to access spectrum and mitigate interference apply [7].
	Fixed outdoor installation are excluded
	1 January 2020

	75a
	57 – 71 GHz
	Wideband data transmission devices
	40 dBm e.i.r.p., 23 dBm/MHz e.i.r.p density, and maximum transmit power of 27 dBm at the antenna port or ports
	Requirements on techniques to access spectrum and mitigate interference apply [7].
	
	1 January 2020

	75b
	57 – 71 GHz
	Wideband data transmission devices
	55 dBm e.i.r.p., 38 dBm/MHz e.i.r.p density, and a transmit antenna gain ≥ 30 dBi
	Requirements on techniques to access spectrum and mitigate interference apply [7].
	This set of usage conditions is only available to fixed outdoor installations
	1 January 2020


[7] Techniques to access spectrum and mitigate interference that provide an appropriate level of performance to comply with the essential requirements of Directive 2014/53/EU shall be used. If relevant techniques are described in harmonised standards or parts thereof the references of which have been published in the Official Journal of the European Union under Directive 2014/53/EU, performance at least equivalent to these techniques shall be ensured.
[bookmark: _Ref40349055]
Table 2. Categories of short-range devices relevant for frequency ranges between 52.6 GHz and 71 GHz
	Category of short-range devices
	Scope

	Wideband data transmission devices
	Covers radio devices that use wideband modulation techniques to access the spectrum. Typical uses include wireless access systems such as radio local area networks (WAS/RLANs) or wideband SRDs in data networks.



Observation 1: CEPT ECC has recently opened the band 66-71 GHz band for unlicensed used. Furthermore, it relaxed the maximum mean EIRP to 23 dBm/MHz for the European/CEPT areas.

2.2 Considerations on ETSI BRAN for Above 60 GHz Band 
The ETSI EN 302 567 [5], which is part of the harmonized standards (i.e., ETSI BRAN) created under standardization requests from the European Commission, provides the spectrum usage conditions for multiple Gigabit/s radio equipment operating in the 60 GHz band. While currently, the scope of ETSI EN 302 567 [5] is constrained to radio apparatus operating in the ITU region 1 in band 57 GHz to 66 GHz, its scope will be certainly widened to band 57 GHz to 71 GHz to follow more closely the recent decisions made by the CEPT ECC [4]. Furthermore, given that the ETSI BRAN has been used as a guidance for conformance test and compliance with the regulatory requirements when developing the LTE LAA, and NR-U system, similar approach may be also followed in this SI [1], and ultimately when the system under design would operate in the ITU region 1 within band 57 -71 GHz its requirements should be met. 
With that said, the ETSI EN 302 567 [5] currently provides several requirements that must be considered. Firstly, it mandates the maximum occupied channel bandwidth (OCB) to be between 70% and 100% of the declared nominal bandwidth. In fact, it contains the following text:
	[bookmark: _Toc535304723][bookmark: _Toc535305729][bookmark: _Toc535305846][bookmark: _Toc535501717]“4.2.10.2	Definition
The nominal channel bandwidth is the widest band of frequencies, inclusive of guard bands, assigned to a single channel.
The Occupied Channel Bandwidth is the bandwidth containing 99 % of the power of the signal.
When equipment has simultaneous transmissions in adjacent channels, these transmissions may be considered as one signal with an actual nominal channel bandwidth of "n" times the individual nominal channel bandwidth where "n" is the number of adjacent channels. When equipment has simultaneous transmissions in non-adjacent channels, each power envelope shall be considered separately.
[bookmark: _Toc535304724][bookmark: _Toc535305730][bookmark: _Toc535305847][bookmark: _Toc535501718]4.2.10.3	Requirements
The Occupied Channel Bandwidth shall be between 70 % and 100 % of the declared nominal channel bandwidth. In case of smart antenna systems (devices with multiple transmit chains) each of the transmit chains shall meet this requirement.”



In this matter, given that ETSI EN 302 567 [5] mandates the system to obey to certain OCB requirements when operating in the ITU region 1, RAN1 should account for this limitation. 

Observation 2: RAN1 should account for the OCB requirements mandated in the ITU Region 1 by ETSI EN 302 567 when the system operates in band 56 GHz to 71 GHz.

The ETSI EN 302 567 [5] contains also a dedicated section (i.e., Sec. 4.2.5) that describes the present requirements in terms of medium access and adaptivity. In this matter, the ETSI EN 302 567 contains the following text:
	[bookmark: _Toc535304702][bookmark: _Toc535305709][bookmark: _Toc535305825][bookmark: _Toc535501696]4.2.5.2	Definition
Adaptivity (medium access protocol) is a mechanism designed to facilitate spectrum sharing with other devices in the wireless network.
[bookmark: _Toc535304703][bookmark: _Toc535305710][bookmark: _Toc535305826][bookmark: _Toc535501697]4.2.5.3	Requirement
Adaptivity (medium access protocol) shall be implemented by the equipment and shall be active under all circumstances. LBT is mandatory to facilitate spectrum sharing.



As highlighted in yellow, the ETSI BRAN mandates the listen-before-talk (LBT) procedure under all circumstances. Therefore, RAN1 should also account for this specific limitation.  
Observation 3: RAN1 should assume mandatory LBT procedure when operating in Region 1 in band 56 GHz to 71 GHz.


Within the same section, the ETSI EN 302 567 [5] also includes the following text, detailing the LBT procedure:
	The LBT mechanism is as follows:
1) Before a transmission or a burst of transmissions on an Operating Channel, the equipment shall perform a Clear Channel Assessment (CCA) check using "energy detect". The equipment shall observe the Operating Channel(s) for the duration of the CCA observation time measured by multiple CCA slot times of 5 μs. The Operating Channel shall be considered occupied for a slot time if the energy level in the channel exceeds the threshold corresponding to the power level given in step 6) below.
2) Extended CCA Check definition:
a) An extended CCA check is initiated at end of operating channel occupied.
b) The transmission shall not start earlier than 8 μs while observing CCA empty.
c) The transmission deferring continues for a random number of empty slots period.
d) Random number: ranges from zero to a Max number not greater than 127.
e) Extended CCA Check Time equals b) + c), i.e. 8 μs + random(0 to 127) × 5 μs.
3) The equipment shall perform an Extended CCA Check in the Operating Channel. If the equipment finds an Operating Channel occupied, it shall not transmit in that channel. If the extended CCA check has determined the channel to be no longer occupied for the entire Extended CCA Check Time, the equipment may resume transmissions on this channel.
4) The total time that an equipment makes use of an Operating Channel is defined as the Channel Occupancy Time. This Channel Occupancy Time shall be less than 9 ms, after which the device shall perform a new CCA as described in step 1) and step 2) above.
5) The equipment, upon correct reception of a packet which was intended for this equipment, can skip CCA and immediately proceed with the transmission in response to received frames. A consecutive sequence of transmissions by the equipment, without a new CCA, shall be less than or equal to the Maximum Channel Occupancy Time as defined in step 4) above.
6) The energy detection threshold for the CCA shall be -47 dBm + (40 dBm - Pout (dBm)) where Pout is the RF output power (EIRP) defined in clause 4.2.2.1.



From the above text, the following considerations can be drawn:
1. The described LBT procedure is different from that imposed by ETSI BRAN for the sub-6 GHz band.  In fact, this new procedure is aligned with the new SIFS length (e.g., 5us) of the 802.11ad/11ay, as detailed in the following subsection. Furthermore, the described LBT procedure is composed by a single clear channel access (CCA) and enhanced CCA (eCCA) procedure with no concept of channel access priority classes.
2. Regardless of the type of traffic conditions, the maximum COT is always limited to 9 ms.
3. Transmissions without performing any LBT are always supported within the initiating device COT regardless of the gap between transmissions.
4. The LBT procedure is based on energy detection. The energy detection threshold, which allows to distinguish between an idle and a busy channel, only depends on the maximum transmit power, but not on the channel bandwidth, which is not fixed, but can be declared by the manufacturers.

Proposal 1: The LBT procedure detailed in the ETSI EN 302 567 should be used as a baseline to develop the channel access procedure for when the system operates in the ITU Region 1 within band 56 GHz to 71 GHz.

2.3 Considerations on 802.11ad/11ay Systems 
Given that IEEE 802.11ad system (also known as Directional Multi-gigabit (DMG) system) is one of systems that was commercially deployed in the 60 GHz unlicensed band, it may be important to understand this system and upcoming IEEE 802.11ay systems (also known as Enhanced DMG (EDMG) system), which is the next version of 802.11ad systems for 60 GHz.
IFS
One of the more important aspects for 802.11ad systems compared to 802.11n/ac/ax system, which operate in 5 GHz spectrum, is the inter frame spacing (IFS) timings. Table 3 shows a comparative chart of IFD timing comparison between 5 GHz and 60 GHz band for IEEE 802.11 systems.
[bookmark: _Ref40459239]Table 3. 802.11 IFS Timing Comparison between 5 GHz and 60 GHz band
	IFS Timing
	IEEE 802.11
in 5 GHz Band
	IEEE 802.11
in 60 GHz Band

	aSlotTime
(Basic unit time for channel access)
	9 μs
	5 μs

	RIFS
(reduced IFS timing, for between consecutive packets)
	2 μs
	1 μs

	SIFS
(immediate response IFS, e.g. for ACK, CTS, response frame in ATI)
	16 μs
	3 μs

	PIFS (SIFS + aSlotTime)
(Prioritized claim of the channel, e.g. continuing to transmit after transmission failure)
	25 μs
	8 μs

	DIFS (PIFS + aSlotTime)
(minimum IFS for channel access mechanism)
	34 μs
	13 μs

	AIFS (PIFS + N × aSlotTime)
(IFS for different access category classes, and management frames, value of N is determined by QoS)
	25 + 9×N μs
	8 + 5×N μs

	SBIFS
(Separating multiple transmission from a single transmitter during a receive sector sweep, transmission occurs with different transmit antenna configuration and no SIFS-separated response is expected)
	N/A
	1 μs

	BRPIFS
(Maximum time between transmissions of beam refinement (BRP) frames)
	N/A
	SIFS ~ 40 μs

	MBIFS
(Between the BTI and A-BFT service period of DMG/EDMG)
	N/A
	9 μs

	LBIFS
(Between transmission employing different DMG/EDMG antennas when the recipient STA is expected to switch DMG/EDMG antennas)
	N/A
	Variable



It is fairly easy to check that ETSI BRAN EN 302 567 [5] rules for the extended CCA check (i.e., “e) Extended CCA Check Time equals b) + c), i.e. 8 μs + random(0 to 127) × 5 μs.”), is aligned with IFS of the IEEE 802.11 system. In fact, the minimum idle period of 8 μs described in ETSI BRAN EN 302 567  is equal to the PIFS interval, and the additional increment of 5 μs is equal to aSlotTime, which is used for count down process of the random backoff channel access in IEEE 802.11 systems.

Observation 4: ETSI EN 302 567 CCA rules are aligned with IEEE 802.11ad channel access operations, especially with regards to channel access random backoff time unit, aSlotTime equal to 5 μs, and minimum channel IDLE period for channel access, PIFS time equal to 8 μs.

CCA
Second aspect of DMG/EDMG system is the clear channel assessment (CCA) difference compared to 5 GHz band. CCA for DMG/EDMG is defined as:
· The start of a valid DMG SC mode transmission at a receive level greater than the minimum sensitivity for MCS 1 (-68 dBm) shall cause CCA to indicate busy with a probability > 90% within 1 μs.
· The receiver shall hold the carrier sense signal busy for any signal 20 dB above the minimum sensitivity for MCS 1.

Essentially, for DMG/EDMG frames the detection threshold is at -68 dBm, and for energy detection the threshold is at -48 dBm, which is 20 dB higher. Additionally, for DMG devices the CCA check is done using quasi-omni antenna patterns at the receiver, and no directional LBT is supported for DMG. EDMG does support in a limited manner direction LBT, but the use is controlled by the AP and limited to certain service periods.
Finally, it should be noted that the CCA for DMG/EDMG were designed with channel bandwidth of 2.16 GHz. However, the ETSI BRAN rules do not specifically define the nominal channel bandwidth, but allow each vendor to declare the nominal channel bandwidth used for the CCA. Therefore, some study of operation with channel bandwidth less than 2.16GHz could be needed.
Observation 5: ETSI EN 302 567 CCA level is 1 dB looser (i.e. -47 dBm) than what IEEE 802.11ad specification requires for energy detection (i.e. -48 dBm). However, ETSI EN 302 567 rules contain CCA detection threshold relaxation as a function of intended transmit power reduction from 40 dBm, whereas IEEE 802.11ad specification does not have such mechanism.

2.4 General Design Considerations
In light of the requirements discussed in the previous sections, and those incorporated in TR 38.807, Table 4 provides a summary of the worldwide regulatory restrictions in terms of maximum average EIRP, maximum PSD, maximum peak EIRP, OCB and spectrum access.
[bookmark: _Ref40348055]Table 4. Summary of the global regulatory restrictions within the 52.6-71 GHz frequency band
	ITU-R Regions
	Region 1
	Region 2
	Region 3

	Countries
	Europe
/CEPT
	South Africa
	USA
	Canada
	Brazil
	Mexico
	China
	Japan
	South Korea
	India
	Singapore
	Australia

	Band (GHz)
	57-71
	57-66
	57-71
	57-64
	57-64
	57-64
	59-64
	57-66
	57-66
	61-61.5
	57-66
	57-66

	Max Avg. EIRP
	40 dBm
	40 dBm
	40 dBm
	40 dBm
	27dBm
	
	44 dBm
	40 dBm
	27 dBm
	20 dBm
	
	

	PSD (dBm/MHz)
	23
	
	
	
	
	
	
	
	13
	
	
	

	Max Peak EIRP (dBm)
	
	
	43
	43
	
	85
	47
	<=24
	43
	
	40
	43

	OCB
	>70%
	>70%
	
	
	
	
	
	<9 GHz
	
	
	
	

	Spectrum access
	LBT
	
	
	
	
	
	
	LBT*
	
	
	
	


Note*: For Tx power above 10dBm
As it is possible to notice from Table 33, the most stringent requirements (highlighted in yellow), are the following:
· Maximum average EIRP : maximum 20 dBm 
· PSD restriction : maximum of 13 dBm/MHz
· OCB requirement : minimum of 70% of the nominal channel bandwidth
· Spectrum access : mandatory LBT procedure

LTE LAA, and NR-U were designed with the aim of having an agnostic design which would be always able to comply with the worldwide regulatory requirements. In LTE LAA, the design was made so that given a set of requirements that would allow the system to be always complaint, these were always met regardless of the deployment, and regardless of whether they needed to be mandatorily met. However, given the flexible nature of NR, in NR-U some of the requirements were chosen to be met through proper network configuration. One example is the OCB requirement of 80% which is mandated by ETSI BRAN: in order to cope with this requirement an interlace waveform was introduced. In LTE LAA, this was a mandatory feature, and was always supported regardless of the region where the system is operated and the deployment. On the other hand, in NR-U the use of the interlace waveform could be configured, allowing the system to use it only when the requirements must be mandatorily met. 
Similar approach can be also adopted for the unlicensed design of NR above 52.6 GHz, and can be extended to all the aforementioned requirements including the use of LBT. 
Observation 6: While the unlicensed design of NR above 52.6 GHz should be always complaint with the worldwide regulatory restrictions, these could be met only when mandated.

3 Conclusions
In this contribution, we discussed several remaining issues to support configured grant mechanism operating on unlicensed spectrum, and we derived the following proposals, and observations:
Observation 1: CEPT ECC has recently opened the band 66-71 GHz band for unlicensed used. Furthermore, it relaxed the maximum mean EIRP to 23 dBm/MHz for the European/CEPT areas.
Observation 2: RAN1 should account for the OCB requirements mandated in the ITU Region 1 by ETSI EN 302 567 when a system operates in band 56 GHz to 71 GHz.
Observation 3: RAN1 should assume mandatory LBT procedure when operating in Region 1 in band 56 GHz to 71 GHz.
Observation 4: ETSI EN 302 567 CCA rules are aligned with IEEE 802.11ad channel access operations, especially with regards to channel access random backoff time unit, aSlotTime equal to 5 μs, and minimum channel IDLE period for channel access, PIFS time equal to 8 μs.
Observation 5: ETSI EN 302 567 CCA level is 1 dB looser (i.e. -47 dBm) than what IEEE 802.11ad specification requires for energy detection (i.e. -48 dBm). However, ETSI EN 302 567 rules contain CCA detection threshold relaxation as a function of intended transmit power reduction from 40 dBm, whereas IEEE 802.11ad specification does not have such mechanism.
Observation 6: While the unlicensed design of NR above 52.6 GHz should be always complaint with the worldwide regulatory restrictions, these could be met only when mandated.

[bookmark: _GoBack]Proposal 1: The LBT procedure detailed in the ETSI EN 302 567 should be used as a baseline to develop the channel access procedure for at least when the system operates in the ITU Region 1 within band 56 GHz to 71 GHz.
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