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Introduction
In the WID [1], the following part is included in the objective.
· Physical layer procedure(s) including [RAN1]:
· Channel access mechanism assuming beam based operation in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6GHz and 71GHz.
· Specify both LBT and No-LBT related procedures, and for No-LBT case no additional sensing mechanism is specified.
· Study, and if needed specify, omni-directional LBT, directional LBT and receiver assistance in channel access
· Study, and if needed specify, energy detection threshold enhancement 
In this contribution, a channel access mechanism for unlicensed spectrum for frequencies around 60 GHz is discussed.

Discussion
LBT mode and No-LBT mode
RAN1 has reached the following observations for no-LBT mode during the SI phase [2].
	It is recommended to support both channel access with LBT mechanism(s) and a channel access mechanism without LBT for gNB and UE to initiate a channel occupancy. Further investigation of the following issues may be needed:
-	LBT mechanisms such as omni-directional LBT, directional LBT, and receiver assisted LBT type of schemes when channel access with LBT is used,
-	whether operation restrictions for channel access without LBT are needed, e.g. compliance with regulations, and/or in presence of ATPC, DFS, long term sensing, or other interference mitigation mechanisms, and
-	the mechanism and condition(s) to switch between channel access with LBT and channel access without LBT (if local regulation allows).
For operation where LBT is not required, the following can be further discussed when specifications are developed:
-	whether to introduce additional conditions/mechanisms for no-LBT to be used, or whether to leave it for gNB implementation,
-	when no-LBT mode is used, whether to introduce additional restrictions, such as DFS needs to be applied, ATPC needs to be applied, long term sensing needs to be applied, certain duty cycle limitation, certain transmit power limitation, MCOT limits, etc, or leave the restriction for gNB implementation,
-	when no-LBT mode is used, whether to introduce mechanism for the system to fallback to LBT mode, or whether to leave it for gNB implementation.


This section discusses the FFS part for the condition where no-LBT mode is applied.
From the regulatory requirement perspective, according to ECC recommendations for 57-71 GHz [5], 3 types of modes are categorized; ‘C1’, ‘C2’, and ‘C3’. ‘C1’ is associated with ETSI EN 302 567 [3] which has described that LBT is mandatory to facilitate spectrum sharing. ‘C2’ and ‘C3’ correspond to EN 302 567 and EN 303 722, respectively. These specifications have not been fixed yet. For countries other than those in the EU, since LBT is not mandated, no-LBT mode can be adopted.
Observation 1: In EU, no-LBT mode cannot be operated at least under the ‘C1’ mode for indoor and outdoor deployment.
The purpose of LBT is to avoid collision between transmissions from 2 or more devices in the congested environment. In the uncongested environment, since most CCA would tend to pass, it would be almost equivalent to when no-LBT mode is adopted.
Observation 2: No-LBT mode works in the uncongested environment.
In Rel-16 NR-U, average RSSI and channel occupancy have been introduced. Average RSSI represents the average level of interference and channel occupancy represents the ratio of interference occurrence in the time domain. If average RSSI and channel occupancy are low enough, the gNB could understand that the environment is not congested. Therefore, based on measurement results of average RSSI and channel occupancy, no-LBT mode could be configured.
Observation 3: Congestion could be measured by average RSSI and channel occupancy which have already been introduced in NR-U.
Proposal 1: No-LBT mode is configured by the network based on measurement results of RSSI and channel occupancy.

In RAN1#104bis-e meeting [7], the following agreements were made.
	Agreement:
For regions where LBT is not mandated, gNB should indicate to the UE this gNB-UE connection is operating in LBT mode or no-LBT mode. Down-select between
· Alt 1. Support cell specific (common for all UEs in a cell as part of system information or dedicated RRC signalling or both) gNB indication
· Alt 2. Support both cell specific (common for all UEs in a cell as part of system information or dedicated RRC signalling or both) and UE specific (can be different for different UEs in a cell as part of UE-specific RRC configuration) gNB indication
· FFS: Whether the indication of the decision on applying LBT mode or no-LBT  mode is per beam (can be different for different UEs in different beams or can be different for different beam pairs between gNB and the UE) or per cell (can be different for different cells for a UE in carrier aggregation) 
· FFS: Whether a gNB and its UE(s) can have different mode
· FFS: Whether L1 signalling can be used for both Alt 1 and Alt 2 for gNB indication


As agreed, cell specific indication is necessary for initial access UEs to determine which LBT mode is used. In addition, UE specific indication would be beneficial for UEs which receives interference with different levels from other RAT devices. Based on measurement report including average RSSI and CO from a UE, gNB could indicate switching LBT mode to the UE. Since the UE performs LBT before transmission, better co-existence could be realized. On the other hands, if only cell specific indication is supported, all UEs on the serving cell have to switch LBT mode. In that case, a UE which receives weak interference has to perform LBT, which causes unnecessary channel access latency.
As a result, UE specific indication should be supported for switching LBT mode and no-LBT mode.
Proposal 2: For indication of LBT mode/no-LBT mode, both cell specific and UE specific gNB indication should be supported.

Short control signalling
In RAN1#104bis-e meeting [7], the following agreements were made.
	Agreement:
· Contention Exempt Short Control Signaling rules can be applicable to the transmission of SS/PBCH.
· FFS: What are the other DL signals and channels that can be multiplexed with SS/PBCH transmission under Contention Exempt Short Control Signaling rule
· FFS: Whether this can be applied to all supported SCS or specific SCS.
· FFS: Extension to discovery burst if it is defined including signals other than SS/PBCH
· Note: Restriction for short control signalling transmissions apply (10% over any 100ms interval)
· FFS: Other DL signals/channels can be transmitted with Contention Exempt Short Control Signaling rule, such as PDCCH, broadcast PDSCH, PDSCH without user plain data, CSI-RS, PRS, etc
Agreement:
For contention exemption short control signalling based DL transmission of SS/PBCH, further consider if the following signals/channels can be multiplexed with SS/PBCH block transmission.
· RMSI PDCCH and RMSI PDSCH
· Other broadcast PDSCH
· PDSCH without user-plane data 
· PDCCH
· CSI-RS
· PRS
· Other signals/channels contained in Discovery Burst (i.e., exemption applies to Discovery Burst)
Note: Total exempted signals/channels should meet the restriction of 10% over any 100ms interval.
FFS: If contention exemption short control signalling based DL transmission is allowed when not multiplexed with SS/PBCH block transmission.



Short control signalling, which LBT is not required for transmission if condition is met, is allowed by ETSI in 60 GHz unlicensed band. For the condition to adopt short control signalling, total duration of short control signalling transmission is less than 10% within 100 msec.
In RAN1#104bis-e meeting [7], it has been agreed to support Discovery Burst. According to TS 37.213, Discovery Burst includes SS/PBCH block, RMSI PDCCH, RMSI PDSCH and/or CSI-RS. Since common design of Discovery Burst is desirable, other signals/channels contained in Discovery Burst such as RMSI PDCCH, RMSI PDSCH, and CSI-RS should apply short control signalling.
For UL, applying short control signalling to PRACH transmission could be considered. Considering typical configuration, PRACH occasion is periodically and sparsely allocated in time domain. In addition, PRACH is not frequently transmitted because PRACH retransmission would occur only after UE fails to receive RAR corresponding to the PRACH. It would be easy to meet the condition applying short control signalling.

Proposal 3: Contention exempt short control signalling should be adopted for transmission of RMSI PDCCH, RMSI PDSCH, and/or CSI-RS contained in Discovery Burst.
Proposal 4: Contention exempt short control signalling should be adopted for PRACH transmission.

Contention window size adjustment
The following conclusion for the LBT procedure was made during SI phase [2].
	Use the CCA check procedure in EN 302 567 as the baseline for channel access for 60GHz band when LBT is applied. The following can be discussed further during normative work:
-	whether CAPC and contention window adjustment mechanisms are introduced,
-	whether contention window range needs to be adjusted.


In Rel-16 NR-U, dynamic Contention Window Size adjustment based on HARQ-ACK feedback is introduced, which is aligned with the Wi-Fi LBT scheme. The dynamic Contention Window Size adjustment is beneficial to avoid transmission collision in the case that congestion cannot be estimated. However, an NR device can perform measurements and report on the channel environment. Optimized CWS could improve system performance because collision probability could be reduced and also channel access latency could be improved. CWS should be adjustable and configurable, based on measurement results.
Proposal 5: Support fixed Contention Window.
· gNB’s contention windows size is left to network implementation.
· UE’s contention window size is configured by network.

Cat 2 LBT
In RAN1#104-e meeting [6], the following agreements were made.
	Agreement:
For Cat 2 LBT, down-select from the following alternatives
· Alt 1: Do not introduce Cat 2 LBT for 60GHz unlicensed band operation
· Alt 2: Introduce Cat 2 LBT for 60GHz unlicensed band operation
Agreement:
If Cat 2 LBT is introduced, the following use cases can be further studied:
· Resume transmission after a gap Y:  Cat 2 LBT may be used to resume transmission by the initiating device within the COT after a gap Y (FFS the value of Y)
· COT sharing: Cat 2 LBT may be used before transmission by a responding node sharing a COT
· Multi-Beam LBT:  Cat 2 LBT may be used before switching to a new transmission beam (not used in earlier part of the COT) in a COT with TDM beams, or resume a previously used transmission beam after a gap Z (FFS the value of Z)
· Rx-Assistance:  Cat 2 LBT may be used for sensing at the receiver as a responding device for Rx-Assistance measurements and associated signalling 
Other use cases not precluded. 
FFS if Cat 2 LBT is mandated for each use case or not.


Cat 2 LBT is not defined in EN 302 567. However, Cat 2 LBT at initiating device is useful to detect transmission from other devices when the other device starts to transmission during the transmission gap. Also, Cat 2 LBT at responding device is useful for detection of hidden node.
Instead of introducing Cat 2 LBT, eCCA could be considered. However, channel access latency would be increased if eCCA is used instead of Cat 2 LBT, which is not desirable.
Proposal 6: Introduce Cat 2 LBT for 60 GHz unlicensed band operation

Directional LBT
The following observation for directional LBT was made during the SI phase [2].
	It can be further discussed when specifications are developed if 3GPP specifications should define the relationship between the LBT beam and the transmission beam or leave it as implementation. If such relationship is defined, it can also be further discussed when specifications are developed if ED threshold should be adjusted by the choice of LBT beam and transmission beam.


In 60 GHz, transmission with fine beamforming using massive antenna elements is necessary to combat high propagation loss. In this case, if omni-directional LBT is performed also in 60 GHz spectrum, direction mismatching between LBT and a transmission may happen. One of the issues caused by direction mismatching is increasing the “exposed node problem” shown in figure 1. In 60 GHz unlicensed spectrum, for example, a serving gNB performs LBT in all directions, including directions in which signals are not planned to be transmitted. If the serving gNB detects energy from the direction of a neighboring gNB, even though it does not interfere in that direction, the serving gNB must stop signal transmission. As a result, by inadvertently restricting transmission opportunity, system performance would be degraded.
To reduce the “exposed node problem”, directional LBT could be considered. For directional LBT, since the transmitting device does not perform energy detection in an unnecessary direction, the “exposed node problem” is expected to be reduced.
[image: ]
Figure 1. an example of exposed node problem in 60 GHz unlicensed spectrum

In the SI phase [2], directional sensing has been studied by simulation evaluation. Although the gain of directional sensing with no-LBT was marginal in an uncongested scenario, some companies showed gain of directional sensing over omni-directional sensing in a medium loaded scenario. Therefore, directional LBT could be considered to be supported for operation in some scenario.
Proposal 7: Directional LBT should be supported in 60 GHz unlicensed operation.

For definition of “cover”, the following proposal was discussed through email discussion during RAN1#104bis meeting, but not agreed [8].
	Proposal 2.9.3-1:
· 3GPP specification defines the relative relationship between applicable sensing beams and the transmission beam(s), at least sensing beam(s) “covers” the transmission beam(s)
· Alt 1. To define “cover”, the angle included in the [3]dB beamwidth of the transmission beam(s) is included in the [3]dB beamwidth of the sensing beam(s)
· Alt 2. Extending the beam correspondence and/or QCL/TCI framework to define and/or indicate “cover”
· Alt 3. Leave RAN4 to define “cover”


In Alt 1, from the test requirement perspective, it may be difficult to count 3 dB beamwidth due to the ripples on the radiation pattern. In addition, this definition is completely RAN4 matter. Therefore, RAN1 will not need to discuss further for this Alt 1.
If RAN1 discuss the definition of “cover”, Alt 2 is only alternative to consider. Beam correspondence and QCL/TCI framework could be used for the definition of “cover”. For example, for sensing beam at UE side, UE could use the Rx beam of an SSB associated with indicated TCI state. For transmission beam after directional LBT, UE could use the Tx beam which has relationship with the Rx beam used by sensing as beam correspondence or use the Tx beam which is QCL-TypeD with the SSB.
Proposal 8: For definition of the relative relationship between applicable sensing beams and the transmission beam(s), extending the beam correspondence and/or QCL/TCI framework to define and/or indicate “cover” is considered from the RAN1 perspective.

If directional LBT is supported, the relationship between the sensing beam and the transmission beam should be considered [2].
	Agreement:
For a COT with MU-MIMO (SDM) transmission, further consider the follow alternatives (down-select or support both)
· Alt 1: Single LBT sensing at the start of the COT with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold
· Alt 2: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT
Agreement:
Within a COT with TDM of beams with beam switching, down-select one or more of the following LBT operations 
· [bookmark: _Hlk68612375]Alt 1: Single LBT sensing with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold 
· FFS: Details on the definition of "cover"
· Alt 2: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT
· Alt 3: Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT with additional requirement on Cat 2 LBT before beam switch


While Single LBT sensing has an advantage in terms of channel access latency since beam switching is not needed during LBT, per-beam LBT sensing is beneficial for improving channel access probability because applying narrower beam for LBT could reduce expose node issue. Since both LBT sensing would be useful, both should be supported. Whether wide or narrow beam is applied for LBT would be left to implementation.
Proposal 9: For a COT with MU-MIMO (SDM) transmission, both Alt 1 (Single LBT sensing at the start of the COT with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold) and Alt 2 (Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT) should be supported.
Proposal 10: Within a COT with TDM of beams with beam switching, both Alt 1 (single LBT sensing with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold) and Alt 2 (independent per-beam LBT sensing at the start of COT is performed for beams used in the COT) should be supported.
COT indication is beneficial to UE for support of COT sharing and relaxing UE receiver complexity. If per-beam LBT sensing is introduced, per-beam COT would be defined. In this case, per beam COT indication may need to be considered. How to indicate per-beam COT should be discussed further after decision whether per-beam LBT sensing is supported or not.
Observation 4: If per-beam LBT sensing is introduced, per beam COT indication may be needed.

Receiver-assisted LBT
The following observation regarding receiver-assisted LBT was made during the SI phase [2].
	The following receiver assisted channel access and interference management schemes have been considered and can be further investigated when specifications are developed.
-	Class A) Receiver provides assistance information (signalling) to transmitter only. The following aspects of Class A can be further discussed when specifications are developed.
-	Applicability in the following potential channel access modes:
-	LBT is performed prior to transmission,
-	No LBT is performed prior to transmission.
-	Details of assistance information (e.g., type, timing, content, how the assistance information is obtained etc.).
-	Whether the assistance information can be obtained by LBT performed at the receiver prior to transmission.
-	Whether the assistance information can be obtained by existing layer 1 and layer 3 measurements with enhancements if needed.
-	If any specification changes are needed to support Class A.


In 60 GHz, transmission with fine beamforming using massive antenna elements is necessary to combat high propagation loss. It would also cause a mismatching between the sensing result of Tx and Rx, which is well-known as the “hidden node problem”. For example in figure 3, the serving gNB passes LBT then transmits signals to a UE 1. However, when the UE 1 is close to a UE 2, UE 1 may suffer from strong interference from transmissions from the neighboring gNB to UE 2 while the serving gNB may not be able to detect such interference due to high propagation loss. In this case, due to the strong interference, UE 1 would fail to decode the signal. This also causes system performance degradation.
In 60 GHz unlicensed spectrum, receiver assisted LBT could be considered. By using receiver assisted LBT, since the transmitting device doesn’t transmit a signal when strong interference happens in the receiving device, the “hidden node problem” can be alleviated.
[image: ]
Figure 3. an example of hidden node problem in 60 GHz unlicensed spectrum
In the SI phase [2], receiver assisted sensing has also been studied by simulation evaluation. Several sources show the gain for receiver assisted LBT compared to omni-directional LBT in a highly loaded environment. Therefore, receiver assisted LBT could be considered to support operation in some scenarios.
Proposal 11: Receiver assisted LBT should be supported in 60 GHz unlicensed operation. 

In assistance information provided at receiver side, channel sensing at gNB-initiated COT and reporting on the COT are required to detect and inform interference from hidden node at the COT. Since the maximum COT duration on 60 GHz unlicensed spectrum is 5 msec, fast measurement and reporting are necessary for receiver assisted LBT.
In RAN1#104-e meeting [6], the following agreement related to Rx assistance was made.
	Agreement:
For receiver to provide assistance, channel sensing and reporting need to be performed. The following set of tools can be considered for further discussion
· Alt 1. Legacy RSSI measurement and reporting with possible enhancements
· Alt 2. AP-CSI report with possible enhancements
· Alt 3. LBT at receiver 
· Alt 3.1 eCCA 
· Alt 3.2 Cat2 LBT 


For alt 1 (Legacy RSSI measurement and reporting with possible enhancements), to meet requirement for receiver assisted LBT, L1-RSSI needs to be considered since L3-RSSI is only supported in current NR. Like L1-RSRP and L1-SIRN, L1-RSSI should be reported via UCI as CSI.
Observation 5: For RSSI measurement and reporting with possible enhancements, L1-RSSI carried in CSI needs to be considered.
AP-CSI reporting mechanism would be one of good tools for reporting receiver assistance information. However, CSI computation time should be carefully considered. For example, assuming the same CSI computation capability as 120 kHz SCS, for CSI computation delay requirement 1, at least about 0.4 msec is required for processing time between triggered PDCCH and corresponding CSI report, which may meet requirement for reporting receiver assistance information. On the other hand, for CSI computation delay requirement 2, at least about 0.9 msec is required for the processing time, which means that 1/5 of the maximum COT is not utilized for DL data transmission. If AP-CSI report is used for receiver assisted LBT, faster CSI computation time is required.
Observation 6: For AP-CSI report with possible enhancements, fast and low complexity measurement/reporting may be required.
Alt 3 is similar hand-shake mechanism with RTS/CTS introduced in Wi-Fi. To perform hand-shake procedure in NR, PDCCH and PUCCH could be used. After gNB acquires COT, gNB transmits PDCCH to a UE to request PUCCH transmission. After receiving PDCCH, UE performs LBT before PUCCH transmission. The UE transmits PUCCH if LBT successfully passe, the UE doesn’t transmit PUCCH otherwise. gNB could be aware of LBT result by detecting PUCCH transmission. In another possible operation, The UE transmits PUCCH carrying LBT result regardless of LBT outcome. Based on LBT result reported from the UE, gNB can efficiently schedule PDSCH on the remaining COT.
Observation 7: For LBT at receiver, PDCCH transmission corresponds to RTS-like signal and PUCCH corresponds to CTS-like signal.
For alt 1 and 2, CSI reporting mechanism is used. Alt 3 is also required for triggering PUCCH transmission which is similar mechanism with AP-CSI measurement triggering/reporting. To specify receiver assisted LBT in Rel-17 on the limited TUs, CSI reporting mechanism should be a baseline. It should be further considered for enhancement of CSI reporting taking processing time into account, e.g. contents of receiver assistance information (L1-RSSI, interference information, LBT result, etc.),
Proposal 12: For reporting receiver assistance information, CSI reporting mechanism should be a baseline.

Conclusions
In this contribution, based on the above discussion, we have the following observations and proposals:
Observation 1: In EU, no-LBT mode cannot be operated at least under the ‘C1’ mode for indoor and outdoor deployment.
Observation 2: No-LBT mode works in the uncongested environment.
Observation 3: Congestion could be measured by average RSSI and channel occupancy which have already been introduced in NR-U.
Proposal 1: No-LBT mode is configured by the network based on measurement results of RSSI and channel occupancy.
Proposal 2: For indication of LBT mode/no-LBT mode, both cell specific and UE specific gNB indication should be supported.
Proposal 3: Contention exempt short control signalling should be adopted for transmission of RMSI PDCCH, RMSI PDSCH, and/or CSI-RS contained in Discovery Burst.
Proposal 4: Contention exempt short control signalling should be adopted for PRACH transmission.
Proposal 5: Support fixed Contention Window.
· gNB’s contention windows size is left to network implementation.
· UE’s contention window size is configured by network.
Proposal 6: Introduce Cat 2 LBT for 60 GHz unlicensed band operation
Proposal 7: Directional LBT should be supported in 60 GHz unlicensed operation.
Proposal 8: For definition of the relative relationship between applicable sensing beams and the transmission beam(s), extending the beam correspondence and/or QCL/TCI framework to define and/or indicate “cover” is considered from the RAN1 perspective.
Proposal 9: For a COT with MU-MIMO (SDM) transmission, both Alt 1 (Single LBT sensing at the start of the COT with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold) and Alt 2 (Independent per-beam LBT sensing at the start of COT is performed for beams used in the COT) should be supported.
Proposal 10: Within a COT with TDM of beams with beam switching, both Alt 1 (single LBT sensing with wide beam ‘cover’ all beams to be used in the COT with appropriate ED threshold) and Alt 2 (independent per-beam LBT sensing at the start of COT is performed for beams used in the COT) should be supported.
Observation 4: If per-beam LBT sensing is introduced, per beam COT indication may be needed.
Proposal 11: Receiver assisted LBT should be supported in 60 GHz unlicensed operation. 
Observation 5: For RSSI measurement and reporting with possible enhancements, L1-RSSI carried in CSI needs to be considered.
Observation 6: For AP-CSI report with possible enhancements, fast and low complexity measurement/reporting may be required.
Observation 7: For LBT at receiver, PDCCH transmission corresponds to RTS-like signal and PUCCH corresponds to CTS-like signal.
Proposal 12: For reporting receiver assistance information, CSI reporting mechanism should be a baseline.

References
1. RP-202925, “Revised WID: Extending current NR operation to 71 GHz,” TSG RAN Meeting #90-e, December 2020.
1. TR 38.808, “Study on supporting NR from 52.6 GHz to 71 GHz”
1. [bookmark: _Ref61849301]ETSI EN 302 567, V2.1.1, “Multiple-Gigabit/s radio equipment operating in the 60 GHz band; Harmonised Standard covering the essential requirements of article 3.2 of Directive 2014/53/EU,” July 2017.
1. ETSI EN 301 893, V2.1.1, “5 GHz RLAN; Harmonised Standard covering the essential requirements of article 3.2 of Directive 2014/53/EU,” May 2017.
1. CEPT ECC, ERC Recommendation 70-03 for Short Range Devices, June 2019.
1. RAN1#104-e chairman’s note
1. RAN1#104bis-e chairman’s note
1. R1- 2104040, “Email discussion summary for channel access mechanism for 52.6GHz-71GHz band, ver03,” RAN1#104bis-e, April 2021.

image1.emf
Serving gNB

Neighboring gNB

UE2

Serving gNB detects 

neighboring gNB and 

stop transmission

UE1

UE1 cannot receive 

signal although no 

interference occur


image2.emf
Serving gNB cannot 

detect signal from 

neighboring gNB

Serving gNB

Neighboring gNB

UE1 suffers from 

strong interference 

by neighboring gNB

UE1

UE2


