3GPP TSG RAN WG1 #102-e		R1-2006513
e-Meeting, August 17th – 28th, 2020

Agenda Item:	8.2.2
Source:	Apple Inc.
Title:	On Channel Access Mechanisms  for Unlicensed Access above 52.6 GHz
Document for:	Discussion/Decision
Introduction
A study item on the requirements for NR beyond 52.6 GHz was completed in December 2019 with the following areas of focus [1]:

· survey of regulatory requirements for spectrum between 52.6 GHz and 114.25GHz, 
· identification of deployment scenarios and uses cases for the same frequency, and 
· identification of system requirements for the same frequency

A new study item was proposed in RAN #86 [2] and updated in RAN1 #88e [3] with a goal as follows:
· Study of channel access mechanism 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] 

In this contribution, we discuss regulatory issues applicable to the spectrum between 52.6 GHz and 71 GHz and their impact on different channel access mechanisms for unlicensed access We then discuss existing channel access mechanisms and propose modifications to enable them function well for unlicensed access above 52.6 GHz. 
Channel Access and Regulation 
In the following section, we will discuss the regulatory environments and their effect on the choice of channel access mechanism in NR operation between 52.6 GHz and 71 GHz. In general, the rules for multiple access are determined by regulation and all devices accessing the medium have to comply with these regulations. The regulations may differ between jurisdictions and even within a specific jurisdiction. 

A summary of the current regulatory framework for spectrum between 52.6 GHz and 71 GHz can be found in [1] and  [4].  There is a minimum of 5 GHz of spectrum available between 57 to 64 GHz, with up to 14 GHz of spectrum between 57 and 71 GHz in some countries [1] and most of the spectrum assigned for unlicensed access. However, the multiple access rules in the unlicensed bands differ for  various jurisdictional regions. In addition, in some jurisdictions, such as Europe, the use of more than one multiple access in a specific sub-band is under discussion, where a sub-band is defined by specific usage scenario within a frequency range e.g. outdoor only [10]. 
In the United States, no channel occupancy time, occupied channel bandwidth, and listen-before-talk requirements are mandated for unlicensed operations in the 52.6GHz to 71 GHz band [1].  In addition, there limits to the peak power that can be transmitted but no mandates on multiple access or occupied channel bandwidth.

In Europe the WDTS device category covers radio devices that use wideband modulation techniques for spectrum access. Typical uses include wireless access systems such as radio local area networks (WAS/RLANs) or wideband Short-Range Devices (SRD) in data networks and defines three sub-bands as shown in Table 1 below [10]:
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Sub-band c1, which covers low-power indoor operation, is governed by the ETSI harmonized standard “ETSI EN 302 567 V2.1.1 (2017-05)”, that mandates Listen-Before-Talk for channel access [7]. Sub-bands c2 and c3, which cover both low power and high power directional operation, are governed by a Draft ETSI standard under discussion “ Draft ETSI EN 303 722 V0.0.3 (2019-12)” [8] that currently mandates only Automatic Transmit Power Control (ATPC). Thus, multiple access method used is dependent on the sub-band of operation.

A simple comparison of the different regulations  is shown in the table below:
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Typically, unlicensed access for different standards is determined by the most restrictive regulatory jurisdiction. For example in unlicensed access around 6 GHz, both 3GPP (with LAA, e-LAA and NR-U) and IEEE 802.11 (with IEEE 802.11ax and its earlier generations) comply with the LBT regulations found in [6]. In 60 GHz, IEEE 802.11ay and its earlier generations comply with the LBT regulations found in [7]. 

However, with the advent of sub-bands c2 and c3 in Europe, even the most restrictive jurisdiction has scenarios in which LBT is not mandated. As such, channel access for NR operation between 52.6 GHz and 71 GHz should include both LBT based and non-LBT based methods. 

In the case that both LBT and non-LBT channel access methods are adopted,  it becomes necessary for the UE to know when to use LBT and when not to do so. The channel access type may be semi-statically configured by the gNB, in some cases  with assistance from the UE. Alternatively, the UE may be able to make long-term measurements and autonomously switch between LBT access and non-LBT access. This may require the definition of measurement signals , common metrics  and a UE procedure for the multiple access method used by the UE.  

Observation 1: LBT and associated protocols may not be required in some jurisdictions and in jurisdiction where they are required, they are not required in all scenarios.

Proposal 1: Both a baseline LBT and no-LBT channel access mechanisms should be adopted unlicensed access.

Proposal 2: Adaptation methods between LBT-based access and non-LBT based access should be studied.

Multiple Access Schemes

NR-U Multiple Access
NR-U channel access in Rel-16 uses a mix of schedule-like access and contention-based access. In schedule-like access, the gNB schedules each UE to access the channel (similar to licensed access) once it acquires the channel. In contention-based access, both the UE and the gNB contend for the channel. 

The gNB contends for the channel and acquires the channel for a Channel Occupancy Time (COT) duration. For DL data, the gNB goes through a CAT-4 LBT procedure ( i.e. LBT with random back off and a variable sized contention window) with the channel access priority class selected according to the multiplexed data. Within the gNB-initiated COT, the gNB may not need to perform LBT (CAT-1 LBT) or may perform a limited CAT-2 LBT (LBT without random back-off) depending on the duration between the start of the DL transmission and the last uplink burst within the COT. 

The UE contends for the channel in a UE-initiated COT, and it goes through a more elaborate CAT-4 LBT procedure. For UL data transmission if the UE is in a gNB-initiated COT, and the gap between the DL gNB transmission and the UL UE transmission is not more than 16 usec, the UE may not need to perform an LBT (CAT-1 LBT), essentially behaving as licensed traffic. It may perform CAT-2 LBT if the gap exceeds certain thresholds. 

Thus, we see that NR-U may perform LBT channel access or emulate licensed channel access depending on if the transmission is within a COT and on the interval between the transmissions. 

The LBT procedures defined allow NR-U to coexist with other Radio Access Technologies and with other NR-U deployments in the unlicensed band below 52.6 GHz as a “friendly neighbor”, e.g. it should not impact other deployed Wi-Fi services more than an additional Wi-Fi network on the same carrier. LBT is an effective coexistence mechanism that, together with appropriate back-off configuration, allows different devices and RATs to share the usage of the spectrum in TDM fashion.  

Unlicensed Channel Access between 52.6 GHz and 71 GHz
In NR transmission between 52.6 GHz and 71 GHz, larger propagation loss and penetration losses are expected. Propagation loss and penetration losses increase with increasing frequency [1]. These losses are mitigated by  analog or digital beam forming. The small wavelengths at these frequencies facilitate the use of antennas with a large number of elements and result in a large number of beams with small beam widths. This may require enhanced channel access procedures due to the directionality of the interference and the fact that the interference at the receiver may not be inferred from the transmitter.  
In addition, the large amount of spectrum available at these frequencies results in large channel allocation bandwidths of 2.16 GHz for existing Radio Access Technologies (RATs) in the unlicensed bands in these frequencies. These RATs  include IEEE 802.15.3c, WirelessHD, IEEE 802.11ad and IEEE 802.11ay. Utilizing the available spectrum and enabling coexistence with existing RATs may require an increase in the bandwidths supported to larger than  the 400 MHz for data transmission currently supported by NR Rel-15/Rel-16 in FR2 [9]. The LBT mechanisms used may have to be modified when compared with NR-U and below 52.6 GHz unlicensed transmission (e.g. NR-U, LAA) to account for the increase in bandwidths and the decrease in symbol durations due to increases in subcarrier spacing e.g. a modification in the slot access time. Note that if no-LBT channel access is used, the LBT co-existence discussion is not needed. 

Observation 2: The large propagation losses in the 60 GHz range mandate the need for beam-based transmission and the need for LBT schemes that account for these beams.

Observation 3: The possibility of an LBT measurement bandwidth that is larger than the transmission bandwidth may require a change to the basic LBT mechanism.                                   .

Modified LBT Mechanisms
RTS/CTS as complement to LBT
There are certain limitations associated with LBT, specifically in the following scenarios:

· Highly directional communication where substantial spectrum reuse can be achieved when Tx and Rx beamforming are used, or the transmitter cannot infer the interference at the receiver due to the highly directional nature of the interference.
· Hidden nodes: where transmitter does not detect the same level of channel occupancy as the receiver.

One scenario where LBT does not work effectively due to the fact that interference seen at transmitter is not same as that at receiver is when transmission and reception are highly directional through beam-forming. This will be  the typical transmission profile in NR operation between 52.6 GHz and 71 GHz.  Figure 3‑1 illustrates an example: LBT from the gNB would not be able to identify the directional transmission from a hidden Wi-Fi AP that is transmitting to UE1. In this scenario, the signal transmitted from the gNB to UE2 can be jammed by the Wi-Fi signal. Similarly, the reception at UE1 could also be severely interfered by the gNB’s transmission.
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[bookmark: _Ref506539436]Figure 3‑1 hidden nodes due to directional interference
In this case, the CCA can be further enhanced if the gNB sends out a short Request-To-Send (RTS) like signal to keep any potential interference to the minimum and lets the target UE confirm the channel is clear with a Clear to Send like signal. This makes sure that the target UE will not be subject to any interferer unseen by the gNB. In addition, as the Tx/Rx beam is typically wider at the UE side due to its limited antenna configuration, the “wider” CTS beam could also mute potential interferers that may be listening in the direction of the target UE. 

The “hidden nodes” issue is well known for CSMA type of multi-access for unlicensed spectrum, especially for the around 6GHz spectrum where transmission/reception are less directional. As illustrated in Figure 3‑2, when the gNB performs an LBT before reaching the UE1, it may not detect the transmission from another Wi-Fi AP, which is close enough to UE1 but far from the gNB. Therefore, the transmission from gNB to the UE1 can potentially be jammed by the transmission from AP. This may be exacerbated by the presence of beam-based transmission. 
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[bookmark: _Ref506475309]Figure 3‑2 hidden nodes from distant interferer
With an alternative RTS/CTS-like mechanism, UE1 can transmit a CTS to the gNB only when the channel is not being occupied or interference seen at the UE side is weak enough, as well as “mute” other potential close-by interferers.

Proposal 3: RAN1 to study the effect of an RTS/CTS-like mechanism to help in mitigating directional interference or potential hidden node issues.
UE Assisted Channel Selection 
One mechanism that enables fair spectrum sharing is dynamic channel selection, where the transmitter can scan the spectrum for available channels both at initial power up as well as periodically after initial power up. This dynamic channel selection can be helpful in regions where LBT is not mandated. The measurement is typically done at the transmitter side, and typically uses energy-based measurement making it RAT agnostic.

As discussed in earlier sections, in certain scenarios, the interference or channel utilization observed at the transmitter does not always reflect the interference seen at the receiver side, which is often more relevant to receiver performance. Therefore, it could be helpful if the UEs could periodically (or occasionally) report their own measurement to the gNB scheduler to assist the channel selection procedure. 

Proposal 4: RAN1 to study the use of UE-assisted channel selection.
LBT with Carrier Aggregation
In the 5GHz unlicensed frequency band, it is explicitly stated by ETSI that “Equipment may have simultaneous transmissions on more than one operating channel with a Nominal Channel Bandwidth of 20 MHz” with the requirement for Load Based Equipment to implement a Listen Before Talk (LBT) based Channel Access Mechanism to detect the presence of other transmissions on an Operating Channel [6].

Similar to the 5 GHz frequency band, in the 60 GHz unlicensed frequency band, it is explicitly stated by ETSI that LBT is mandatory within an operating channel for sub-band c1 multiple access but unlike the 5 GHz band, an explicit nominal channel bandwidth is not defined [7]. As such, NR operating in the unlicensed band between 52.6 GHz and 71 GHz  may have the freedom to select the nominal channel bandwidth of operation. 

Recommendation ITU-R M.2003 [4], observes that a 2.16 GHz MHz channel bandwidth is required for single channels in multiple existing standards operating around 60 GHz and recommends that is important that new standards for Multi-Gigabit Wireless Systems (MGWS) operating in frequencies around 60 GHz employ the same channelization in order to promote better coexistence.

NR operating between 52.6 GHz and 71 GHz then has two choices:

· Option 1: RAN1 selects an operating channel bandwidth of 2.16 GHz
· Option 2: RAN1 selects an operating channel bandwidth less than 2.16 GHz

In the case that RAN1 selects an operating channel bandwidth of 2.16 GHz, we may need to clarify if the following two scenarios are supportable: 
(1) There are UEs with operating bandwidths that do not cover the entire 2.16 GHz e.g. based on limited RF modules.
(2) There are UEs that use carrier aggregation and have multiple component carriers (with possibly separate RF modules) spanning the 2.16 GHz. 

In the case that RAN1 selects an operating channel bandwidth less than 2.16 GHz we may need to clarify how to perform LBT and coexist with the existing RATs.

In summary, unlike NR-U in the 5 GHz bandwidth where the operating bandwidth is explicitly defined as equal to 20 MHz, unlicensed access in the 60 GHz range may require innovative LBT measurement procedures to ensure that existing RATs are protected as the regulations do not explicitly mandate a value for the operating bandwidth.

Observation 4: Unlicensed access for NR operating between 52.6 GHz and 71 GHz in the unlicensed band will have to co-exist with existing RATs such as IEEE 802.11ad and IEEE 802.11ay that require an operating bandwidth of 2.16 GHz. 

Proposal 5:  RAN 1 can study channel access mechanisms in the unlicensed band assuming a need to perform LBT on a bandwidth greater than the operating bandwidth.

Conclusions
In this contribution, we have studied channel access procedures for unlicensed access in the above 52.6 GHz band and have the following observations: 

Observation 1: LBT and associated protocols may not be required in some jurisdictions and in jurisdiction where they are required, they are not required in all scenarios.


Observation 2: The large propagation losses in the 60 GHz range mandate the need for beam-based transmission and the need for LBT schemes that account for these beams.

Observation 3: The possibility of an LBT measurement bandwidth that is larger than the transmission bandwidth may require a change to the basic LBT mechanism.   

Observation 4: Unlicensed access for NR operating between 52.6 GHz and 71 GHz in the unlicensed band will have to co-exist with existing RATs such as IEEE 802.11ad and IEEE 802.11ay that require an operating bandwidth of 2.16 GHz. 

Based on these observations, we have the following proposals: 

Proposal 1: Both a baseline LBT and no-LBT channel access mechanisms should be adopted unlicensed access.

Proposal 2: Adaptation methods between LBT-based access and non-LBT based access should be studied.

Proposal 3: RAN1 to study the effect of an RTS/CTS-like mechanism to help in mitigating directional interference or potential hidden node issues.

Proposal 4: RAN1 to study the use of UE-assisted channel selection.

Proposal 5:  RAN 1 can study channel access mechanisms in the unlicensed band assuming a need to perform LBT on a bandwidth greater than the operating bandwidth.                              
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