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 Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK15][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 RAN1 #102-e meeting, the following agreement have been reached [2]:
Conclusion:
The OCB requirement of draft version v2.1.20 of EN 302 567 implies that 
· Device supports one or multiple declared nominal channel bandwidths. 
· For each declared nominal channel bandwidth, RAN1 design should support at least one physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth. 
· FFS: Mapping of nominal channel bandwidth to bandwidth definitions in NR.
Conclusion:
The RAN1 understanding of the CCA check procedure in draft v2.1.20 of EN 302 567 is as follows:
· When performing CCA before initiating transmission, during count down, when an observation slot fails ED, the counter freezes, and will continue count down 8us after the interference is detected to be gone
Agreement:
· For gNB/UE to initiate a channel occupancy, both channel access with LBT mechanism(s) and a channel access mechanism without LBT are supported
· FFS: LBT mechanisms such as Omni-directional LBT, directional LBT and receiver assisted LBT type of schemes when channel access with LBT is used.
· FFS: If 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
· FFS: The mechanism and condition(s) to switch between channel access with LBT and channel access without LBT (if local regulation allows)
Agreement:
Use the LBT procedures in draft v2.1.20 of EN 302 567 as the baseline system evaluation with LBT
· Enhancements to ED threshold, contention window sizes etc. can be considered as part of the evaluations.
In this contribution, we share our views on channel access mechanism for frequencies between 52.6 GHz and 71 GHz in different aspects.
 Discussion
 Regulation rules
In this section, we will mainly discuss some key regulation rules for above 52.6GHz band to achieve fair and friendly coexistence with existing systems (e.g. Wi-Fi 802.11ad/ay) and intra-RAT services. The details are as follows:
Channel access mechanism
In ETSI EN 302 567 v2.1.20 [3], it is specified that LBT (Listen Before Talk) is mandatory to facilitate spectrum sharing in Europe area. Thus, LBT should be supported in Europe in order to comply with regulatory requirements applicable to frequencies between 57 GHz and 66 GHz. But such mechanism is not required in other countries, e.g., ITU region 2 and 3. Besides, in ETSI EN 303 722, the related coexistence mechanisms are still under discussion, e.g., adaptive channel access mechanism such as Automatic Transmit Power Control (ATPC). Even so, we still need to consider LBT regulatory of other RAT devices (e.g., Wi-Fi 802.11 ad/ay) operated in the same frequency spectrum. Wherein, 802.11 ad/ay nodes need to use LBT to assess the state (busy or idle) of the current channel. From this point of view, in order to ensure friendly and fair coexistence with Wi-Fi, LBT should be considered and enhanced for NR above 52.6 GHz band.
Occupied Channel Bandwidth (OCB)
ETSI EN 302 567 v2.1.20[3] specified that 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. However, such restriction is not required in the US, China, Japan, South Korea, Australia and Singapore. In this regard, it has been discussed in RAN1 #102-e meeting and has a basic common understanding that all UL and/or DL channels do not need to satisfy at least 70% OCB requirement if OCB is required. That is to say, it is enough that one of all UL and/or DL channels meets OCB requirement. Further, regarding how to understand NCB and determine relationship between NCB and bandwidth defined in NR will be FFS. We will share our views on it in the following section.
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. In latest version of ETSI EN 302 567[3], the total time that an equipment makes use of an Operating Channel is defined as the Channel Occupancy Time, which shall be less than 5 ms, after which the device shall perform a LBT operation. Whether to allow No LBT initiate a COT and whether need to revise COT length for No LBT operation will need to be further discussed and determined.
Equivalent Isotropically Radiated Power (EIRP) and Power Spectral Density (PSD) 
In TR 38.807 [4], 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
	/



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.
Proposal 1: The key regulation rules for above 52.6 GHz, including channel access mechanism, OCB, COT, EIRP and PSD should be supported and enhanced to achieve good spectrum sharing with other systems, especially for Wi-Fi 802.11ad/ay.
[bookmark: _Toc28873153] Nominal Channel Bandwidth (NCB) and Bandwidth defined in NR
In RAN1 #102-e meeting, the following conclusion has been reached:
	Conclusion:
The OCB requirement of draft version v2.1.20 of EN 302 567 implies that 
· Device supports one or multiple declared nominal channel bandwidths. 
· For each declared nominal channel bandwidth, RAN1 design should support at least one physical layer signal/channel transmission that occupies at least 70% of the nominal channel bandwidth. 
· FFS: Mapping of nominal channel bandwidth to bandwidth definitions in NR.


For this FFS mentioned in the above conclusion, the first thing to be clarified is what the nominal channel bandwidth is or how to understand nominal channel bandwidth mentioned in high frequency band. In low frequency band, we can see that the nominal channel bandwidth consists of one or multiple of 20MHz. However, unlike the low frequency band, high frequency such as 60GHz does not provide any schemes on basic channelization band similar to 20MHz specified in low frequency band and then it is difficult to determine the nominal channel bandwidth based on the determination principle of low frequency. Further, we can see from the agreement reached in A.I. 8.2.1 of the RAN1 #102-e meeting that NR has supported some candidate maximum carrier bandwidths for a cell, such as 400/800/1600/2000/2160MHz, while specific channel bandwidth has not been determined yet. Under this situation, it is necessary to first determine the channel bandwidth supported for NR, e.g., without considering channelization and supported channel bandwidth supported by Wi-Fi 802.11 ad/ay, the channel bandwidth defined in NR can be 400/800/1600MHz. Otherwise, 2000/2160MHz channel bandwidth also needs to be considered in NR except 400/800/1600MHz . More details can be found in our companion contribution [4].
Based on the above understanding and current situation, we will further discuss the relationship between nominal channel bandwidth and bandwidth definitions in NR. From the point of view of minimizing the impact of the current spec, our understanding is that the bandwidth defined in NR can be regarded as nominal channel bandwidth while specific which bandwidth defined in NR to be seen as nominal channel bandwidth depends on the ability of UE to support certain channel bandwidth. E.g., UE supports the channel bandwidths among [400MHz, 800MHz, 1600MHz], NR configures channel bandwidth as 400MHz, then the configured 400MHz channel bandwidth is nominal bandwidth.
However, if coexistence with Wi-Fi is considered, or the absence of Wi-Fi node cannot be guaranteed, and the NR configured channel bandwidth is different with that of defined in Wi-Fi, then the following aspects may need to be considered:
· Study and evaluate the coexistence of NR-U and Wi-Fi under different channel bandwidth. Wherein, the least supported channel bandwidth by Wi-Fi is 2.16GHz.
· Consider whether to allow multiple NR channel bandwidth aggregation method to achieve the alignment with Wi-Fi supported channel bandwidth.
Proposal 2: The channel bandwidth supported by UE and defined in NR can be regarded as the nominal channel bandwidth. 
Proposal 3: If coexistence with Wi-Fi is considered, or the absence of Wi-Fi node cannot be guaranteed, the following options can be further studied:
· Option 1: Align the channelization of Rel-17 NR with Wi-Fi design at least in unlicensed band (e.g. 57 GHz - 71 GHz) and support 2.16 GHz channel bandwidth
· Option 2: No need to align the channelization of Rel-17 NR with Wi-Fi design. Study and evaluate how the coexistence is achieved between NR-U and Wi-Fi under different channel bandwidth. 
Channel access mechanism for above 52.6 GHz
 Omni-directional LBT
In low frequency (e.g., below 7 GHz), in order to guarantee fair coexistence with the incumbent Wi-Fi system such as 802.11 ac/ax in the unlicensed carrier, omni-directional LBT with energy detection considering no array gain was introduced in LTE-LAA/eLAA/FeLAA/NR-U. 
In high frequency, similar omni-directional LBT is used in IEEE 802.11 ad/ay for 60 GHz frequency band. However, for release 17 NR-U, if such omni-directional LBT is simply copied in NR-U above 52.6 GHz frequency band, this will be able to cause a sensing inaccuracy problem, or “over protection” issue. For example, high interference detected on the omni-directional beam range could block the transmission on narrow directional beam range even if the transmission does not interfere with the transmission of the other nodes in the other beam directions. 
Based on the above analysis, it is necessary to study directional LBT mechanism for directional transmission and reception mode in order to improve the probability of channel access and spatial reuse 
 Directional LBT
Based on the analysis of Section 2.3.1, we can know that directional LBT may be a good choice to increase the opportunities of channel access and achieve better spatial reuse compared to omni-directional LBT, wherein, for directional LBT, the transmitting node performs energy detection with directional beam instead of omni beam. Furthermore, directional LBT may accentuate the hidden/exposed node problem compared to onmi-directional LBT and the reason is that it can make the difference between the observed interference at transmitter side and actual interference at the receiver side much larger compared to onmi-directional LBT. In order to alleviate the impact of the hidden/exposed nodes problem, some methods may be considered and studied, e.g., the receiving node performs a LBT mechanism and sends an indication signal to alleviate hidden node problem. Besides, the transmitter performs sensing operation on the transmission beam range to reduce exposed node problem or mismatch sensing beam and transmission beam.
We can see from the analysis of section 2.3.1 and 2.3.2 that channel access scheme should be studied taking into account the characteristic of beam-based transmission and reception mode for above 52.6 GHz, especially for directional LBT to improve the probability of channel access and spatial reuse.
In this part, we provide system-level simulations to evaluate the impact of LBT schemes on the coexistence between NR-U and Wi-Fi systems, where one operator using omni-directional LBT mimics the behavior of Wi-Fi system and the other operator is assumed as NR-U can choose between omni-directional LBT and directional LBT. The detailed simulation assumptions are listed in Appendix. Besides, more SLS results for above 52.6 GHz NR-U can be found in our companion contribution [5].
Figure 1 plots mean, 5%, 50% and 95% user-perceived throughput performance for Case 1 and Case 2, herein, 
1) Case 1 corresponds to omni-directional LBT for Operator 1 (mimic an existed Wi-Fi operator) vs omni-directional LBT for Operator 2 (mimic a new NR-U operator) ;
2) Case 2 corresponds to omni-directional LBT for Operator 1(mimic an existed Wi-Fi operator) vs directional LBT for Operator 2 (mimic a new NR-U operator). 
We can observe the following phenomenon from Figure 1:
· In mean, 5% and 50% UPT, it is shown from Case1 that Operator 1 has a relatively high throughput with omni-directional LBT compared to the same LBT mechanism used for Operator 2, while the opposite trend is appeared in 95% UPT. The performance difference between the two operators is mainly due to the random distribution of the nodes in this simulation drop which is not friendly to operator 2 in certain cases. However, we can see from Case 2 that such phenomenon is mitigated when directional LBT is used for NR-U instead of omni-directional LBT. Further, we can also observed that the performance of Operator 1 assuming omni-directional LBT was not significantly affected even if directional LBT is used for Operator 2.
Therefore, we note based on the following simulation result and the above analysis that these results are consistent with our analysis mentioned in Section 2.3.1 and 2.3.2 and the principle of friendly and fair coexistence, that is, directional LBT is benefit for directional beam transmission mode and the impact on the performance of existing Wi-Fi system is negligible.

   
   
Figure 1 Mean, 5%, 50% and 95% user-perceived throughput for Case1 and Case 2
Observation 1: According to regulation of ETSI EN 302 567 v2.1.20, at least LBT operation should be supported in Europe area for above 52.6 GHz.
Observation 2: Compared to omni-directional LBT, directional LBT is beneficial to increase the probability of channel access and the spatial reuse efficiency for NR-U, and the impact on the performance of the existed Wi-Fi system is negligible. 
 No LBT
For COT sharing case in NR-U low frequency band such as below 7 GHz, No LBT is allowed to use in a case that the gap between DL and UL is less than or equal to 16us. In high frequency, it seems that similar rule can also be used. E.g., when the gap between DL/UL and UL/DL is less than or equal to a certain value, then No LBT still can be used before DL/UL transmission. Preferably, multiple consecutive DL/UL transmissions can adapt the same beam direction.
Another straightforward use case is that No LBT can be used for some areas such as ITU region 2 and 3. That is to say, in these areas, the node cannot perform any LBT operation and directly transmit transmission before transmission. Wherein, in Europe area, LBT is mandatory to be used for unlicensed carrier in order to comply with regulatory requirements applicable to frequencies between 57 GHz and 66 GHz.
Another use case is interference controlled environment, that is, the node preparing to transmit does not interfere with the ongoing transmission node.
A common case that NR-U and NR-U coexistence scenario if the absence of any other systems can be guaranteed. For instance, the node1 belongs to operator 1 while the node2 is served for operator 2. If the transmitted beams of node 1 and node 2 do not overlap or transmission of two nodes is not interfered each other, then the transmission for the node preparing to transmit will not affect that for another node even if LBT is not performed for the node preparing to transmit. However, once one node falls into the beam range of another node, and LBT is not performed for the node preparing to transmit, then it may cause seriously impact on the performance of the node that is already transmitting. 
Based on the above analysis, we can see that No LBT can be applied in some specific scenarios and even can be extended to more cases in the future. In our understanding, no LBT should be workable only if some interference elimination mechanisms are applied on top of it, e.g. Automatic Transmit Power Control (ATPC), Dynamic frequency selection (DFS), duty cycle. If no LBT is supported, the spec impact of introducing such enhancement should be further studied and evaluated.
Observation 3: No LBT can be considered to be used in COT sharing case and interference controlled environment.
Observation 4: No LBT should be workable only if some interference elimination mechanisms are applied on top of it. If no LBT is supported, the spec impact of introducing such enhancement should be further studied and evaluated.
Proposal 4: Release 17 NR-U should consider supporting different channel access modes for above 52.6 GHz, e.g., directional LBT and No LBT. 
 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 high frequency band may be different compared with LTE-LAA. Owing to the beamforming transmission mode, in order to transmit message to the serving UEs in a certain beam range, gNB needs to transmit different beams toward different directions, which can be within the same or different time units. Therefore, for this situation, if LTE-LAA LBT for MOCT is simply reused, gNB only performs a omni-directional LBT at the beginning of the MCOT and does not perform any LBT operation for the remaining DL transmission within MCOT, it may cause a problem that within MCOT some beams experience an unoccupied channel and the other beams encounter a channel with higher interference from other coexisting nodes. In order to avoid this issue, same beam direction can be used for consecutive transmission, or enhancement channel access schemes for COT sharing case or introduce gap for LBT between DL/UL consecutive transmissions with different beams within COT.
Proposal 5: For multiple transmission(s) with different beams case, channel condition difference for different beams should be considered when designing the channel access schemes for COT sharing 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:
Observation 1: According to regulation of ETSI EN 302 567 v2.1.20, at least LBT operation should be supported in Europe area for above 52.6 GHz.
Observation 2: Compared to omni-directional LBT, directional LBT is beneficial to increase the probability of channel access and the spatial reuse efficiency for NR-U, and the impact on the performance of the existed Wi-Fi system is negligible. 
Observation 3: No LBT can be considered to be used in COT sharing case and interference controlled environment.
Observation 4: No LBT should be workable only if some interference elimination mechanisms are applied on top of it. If no LBT is supported, the spec impact of introducing such enhancement should be further studied and evaluated.
Proposal 1: The key regulation rules for above 52.6 GHz, including channel access mechanism, OCB, COT, EIRP and PSD should be supported and enhanced to achieve good spectrum sharing with other systems, especially for Wi-Fi 802.11ad/ay.
Proposal 2: The channel bandwidth supported by UE and defined in NR can be regarded as the nominal channel bandwidth. 
Proposal 3: If coexistence with Wi-Fi is considered, or the absence of Wi-Fi node cannot be guaranteed, the following options can be further studied:
· Option 1: Align the channelization of Rel-17 NR with Wi-Fi design at least in unlicensed band (e.g. 57 GHz - 71 GHz) and support 2.16 GHz channel bandwidth
· Option 2: No need to align the channelization of Rel-17 NR with Wi-Fi design. Study and evaluate how the coexistence is achieved between NR-U and Wi-Fi under different channel bandwidth. 
Proposal 4: Release 17 NR-U should consider supporting different channel access modes for above 52.6 GHz, e.g., directional LBT and No LBT. 
Proposal 5: For multiple transmission(s) with different beams case, channel condition difference for different beams should be considered when designing the channel access schemes for COT sharing in NR unlicensed spectrum. 
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 Appendix
 SLS assumptions
	Parameters
	Values or Assumptions

	Carrier Frequency
	60 GHz

	Channel Bandwidth
	2 GHz

	Subcarrier spacing
	960 kHz

	Scenario
	Indoor A

	LBT schemes
	Omni-directional LBT
Directional LBT

	CCA threshold
	-82 dBm

	Channel Model
	The channel model for UE-to-UE links：InH open office: InH – office channel model with LOS probability for indoor - mixed office from TR38.901
The channel model for gNB-to-UE and gNB-gNB links：InH open office: InH – office channel model with LOS probability for indoor - open office from TR38.901

	Max. allowed BS Tx power
	40 dBm EIRP

	Max. allowed UE Tx Power
	25 dBm EIRP

	BS Antenna gain
	5 dBi

	UE Antenna gain
	5 dBi

	BS Noise Figure
	7 dB

	UE Receiver Noise Figure
	10 dB

	UE receiver
	MMSE-IRC

	BS antenna Array configuration
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1), dH = dV = 0.5 λ

	UE antenna Array configuration
	(M, N, P, Mg, Ng) = (2, 2, 2, 1, 2), dH = dV = 0.5 λ

	Traffic model
	FTP Model 3 (27Mbyte file)



50% UPT

Operator 1	Case 1	Case 2	9411.5508000000009	8884.0185999999994	Operator 2	Case 1	Case 2	8068.3247000000001	10866.194299999999	Total	Case 1	Case 2	17479.875499999998	19750.212899999999	



95% UPT

Operator 1	Case 1	Case 2	15086.5273	14731.7412	Operator 2	Case 1	Case 2	15635.126	19536.293000000001	Total	Case 1	Case 2	30721.653300000002	34268.034200000002	



Mean UPT

Operator 1	Case 1	Case 2	9506.1718999999994	9433.5547000000006	Operator 2	Case 1	Case 2	8636.5840000000007	10886.627899999999	Total	Case 1	Case 2	18142.7559	20320.1826	



5% UPT

Operator 1	Case 1	Case 2	2727.4854	2734.7085000000002	Operator 2	Case 1	Case 2	2373.8499000000002	3030.9807000000001	Total	Case 1	Case 2	5101.3352999999997	5765.6891999999998	
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