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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 (SI), 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 this context, the following agreements and conclusions related to channel access mechanism were made during the previous RAN1 meetings [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, the following aspects related to the channel access mechanism for NR above 52.6 GHz will be discussed:	
· Directional LBT and Receiver-Aided LBT
· COT sharing procedure and general framework for LBT
2 Channel Access Procedure for NR above 52.6 GHz
2.1 Considerations on Directional and Receiver-Aided LBT
In the previous RAN1 meetings [2], it has been agreed that an initiating device should support both operation with and without any listen before talk (LBT) mechanism(s), and it has been left for future study to define which type of LBT mechanism(s) can be used. In this matter, in Rel.16 NR-U, the LBT procedure is used as an effective channel access method to maintain coexistence with other incumbent technologies, and sensing of the occupancy of the channel is performed in a quasi-omni directional fashion (we will refer to this procedure in the rest of this document as omnidirectional LBT). However, in bands where the propagation limitations may be quite severe, and because directional transmissions are expected, this procedure may pose some limitations. In fact, this may lead to cases where the omnidirectional LBT may act overprotectively and this may prevent from fully exploiting spatial reuse with the consequence of a depreciated spectral efficiency. This becomes more detrimental as the transmissions are more highly directional. When omnidirectional LBT is used,  regardless of whether the beam of an active transmitter may or may not point in the same direction of the transmitter performing LBT, if the two devices are in proximity and within the sensing range, the transmitter performing LBT would assess that the channel is occupied. However, if the transmission beams of the two transmitters point into two different directions, these would not cause any mutual interference across the two links, as illustrated in Figure 1. However, if the LBT measurement would be instead performed over a narrow beam (we will refer to this procedure in the rest of this document as directional LBT) over which the transmission is performed, this issue is prevented.
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[bookmark: _Ref53796909]Figure 1. Illustration of the over protectivity of omnidirectional LBT vs directional LBT
While as detailed above, directional LBT is able to overcome some of the limitations of the omnidirectional LBT when highly directional transmissions are performed, on the other hand this leads to i) exacerbate the well-known hidden node issue, and ii) could lead the system to suffer from deafness. The first issue is due to the fact that when directional LBT is performed, it is often not able to capture the actual interference level at the receiver, especially if the receiver is equipped with a wider reception beam. As for the second issue, its roots originate from the fact that performing LBT measurements only on a specific direction and through a specific beam makes a transmitter deaf to potential interference coming from other directions. One example of these issues is illustrated in Figure 2. Note that both Figure 2and Figure 3 depict a simple scenario composed by two gNBs and two UEs, where each gNB belongs to a different operator. In both figures gNB1 has been able to succeed LBT and it is performing DL transmission to UE1. In Figure 2, while the gNB2 may succeed in performing directional LBT, given that UE1 is equipped with a wide beam at the receiver, once gNB2 starts transmitting to UE2, UE1 will be subject to the interference of this new active device, and UE2 will be subject to interference from gNB1. As for Fig. 2b, since gNB2 performs directional LBT in the direct of the intended transmission, it is deaf in respect to the ongoing transmission from gNB1, which points in the direction of UE2, and would be clearly a source of interference once gNB2 starts transmitting to UE2.  
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[bookmark: _Ref53796981]Figure 2. Illustration of the hidden node issue with directional LBT
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[bookmark: _Ref53797001]Figure 3. Illustration of the deafness issue with directional LBT

Observation 1: Omni-directional LBT may act in many cases overprotectively and may prevent from fully exploiting spatial reuse under highly directional transmissions. This issue may be mitigated through directional LBT. However, directional sensing exacerbates the well-known hidden node issue, and leads to scenarios where the system could suffer from deafness.
The increased signal reception when omnidirectional LBT is used is evident when we look at the UL and DL RSRP differences when using omnidirectional LBT and directional LBT. Figure 4 provide the RSRP distribution for indoor A scenario. Even though the beam gain of the omnidirectional beams is smaller than directional beams, when omnidirectional LBT is utilized the received RSRP increases.
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[bookmark: _Ref53797242]Figure 4. UL and DL RSRP with directional and omni beams used for CCA

[bookmark: _GoBack]With that said, Table I, Table II and Table III provide system level results for both DL and UL is terms of user perceived throughput (UPT) and delay for three different use cases: i) Indoor A with gNB’s mounted on the ceiling with UE configuration 1, and ii) Indoor A with gNB’s mounted on the ceiling with UE configuration 2, which are representative of a factory settings, and iii) Indoor A when the gNB’s are mounted on a wall and UE antenna configuration 2 is used, which is more representative of a residential setting, and which we will refer to in this document as non-ceiling mounted gNBs scenario.
Table I: System level evaluation results for scenario A – ceiling mounted BS with UE antenna configuration 1 Table 1: System level evaluation results for scenario A –ceiling mounted with UE antenna configuration 1 
	Tdoc /
Source
	Cases
	Case 1 – No LBT 
	 Case 2- Omnidirectional LBT 
	Case 3 – Directional LBT 

	R1-2009380 / Source 1
	Traffic load
Metrics              
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO

	
	DL UPT (Mbps)
	5%ile
	1845.98
	145.03
	11.19
	1777.43
	306.52
	22.50
	1805.80
	303.72
	24.20

	
	
	50%ile
	3948.45
	1046.90
	139.50
	3726.00
	1436.33
	271.95
	3734.81
	1458.00
	279.46

	
	
	95%ile
	5515.98
	3324.67
	1266.04
	5232.62
	3489.01
	2019.97
	5245.49
	3509.15
	2114.95

	
	
	mean
	3825.71
	1318.04
	312.44
	3645.17
	1583.18
	534.07
	3654.78
	1610.66
	555.41

	
	DL delay (s)
	5%ile
	2.44 
	3.52
	8.23
	2.55
	3.31
	5.42
	2.55
	3.25
	5.27

	
	
	50%ile
	4.16 
	20.56
	107.48
	4.42
	14.97
	80.12 
	4.39
	14.64
	78.31

	
	
	95%ile
	23.72
	261.08
	914.64
	24.56
	207.20
	633.62
	28.31
	201.36
	618.27

	
	
	mean
	14.51
	64.95
	229.45
	14.67
	48.13
	157.72
	14.90
	46.88
	153.69

	
	UL UPT (Mbps)
	5%ile
	1707.51
	753.06
	259.23
	1575.48
	641.62
	110.19
	1580.44
	634.25
	111.42

	
	
	50%ile
	3335.97
	2276.75
	1206.79
	3238.31
	2057.99
	1036.17
	3242.91
	2068.98
	1038.76

	
	
	95%ile
	4927.06
	4101.46
	3196.89
	4799.78
	3905.39
	3085.83
	4794.81
	3926.98
	2996.54

	
	
	mean
	3335.50
	2309.04
	1386.55
	3256.26
	2108.08
	1243.09
	3256.74
	2120.66
	1235.71

	
	UL delay (s)
	5%ile
	2.83
	3.14
	4.00
	2.88
	3.27
	4.08
	2.88
	3.25
	4.09

	
	
	50%ile
	4.75
	7.25
	15.66
	4.84
	8.22
	18.16
	4.84
	8.19
	18.27

	
	
	95%ile
	15.58
	129.83
	142.22
	20.56
	142.59
	180.02
	18.75
	142.39
	179.56

	
	
	mean
	13.08
	25.21
	36.37
	14.17
	28.67
	46.34
	13.88
	28.40
	46.56




Table II: System level evaluation results for scenario A – ceiling mounted BS with UE antenna configuration 2 
	Tdoc /
Source
	Cases
	Case 1 – No LBT 
	 Case 2- Omnidirectional LBT 
	Case 3 – Directional LBT 

	R1-2009380 / Source 1
	Traffic load
Metrics              
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO

	
	DL UPT (Mbps)
	5%ile
	2410.86
	950.39
	76.70
	2216.86
	986.97
	129.99
	2381.97
	932.67
	135.56

	
	
	50%ile
	4988.44
	3117.29
	881.57
	4767.26
	2913.59
	1069.25
	4774.78
	2978.08
	1101.74

	
	
	95%ile
	5909.11
	5045.98
	3211.02
	5674.06
	4849.88
	3432.80
	5688.90
	4871.51
	3485.26

	
	
	mean
	4715.32
	3071.41
	1175.69
	4497.91
	2911.48
	1351.03
	4525.39
	2933.17
	1371.26

	
	DL delay (s)
	5%ile
	2.36
	2.48
	3.25
	2.44
	2.61
	3.03
	2.42
	2.61
	3.03

	
	
	50%ile
	2.91
	5.47
	31.73
	3.03
	5.77
	27.61
	3.03
	5.69
	27.27

	
	
	95%ile
	41.19
	143.09
	295.42
	44.83
	144.17
	239.44
	35.55
	143.33
	231.83

	
	
	mean
	14.64
	26.42
	78.62
	14.93
	26.84
	67.09
	14.21
	26.72
	65.64

	
	UL UPT (Mbps)
	5%ile
	2444.1
	1167.5
	843.2
	2229.7
	1104.6
	706.6
	2166.3
	1070.6
	628.6

	
	
	50%ile
	4685.5
	3784.8
	2307.0
	4620.5
	3527.0
	1999.2
	4610.6
	3515.2
	1949.6

	
	
	95%ile
	5300.5
	4788.8
	4138.7
	5239.9
	4721.5
	3949.1
	5234.5
	4712.4
	3926.4

	
	
	mean
	4455.1
	3413.0
	2369.5
	4376.4
	3267.2
	2135.5
	4365.1
	3256.5
	2081.5

	
	UL delay (s)
	5%ile
	2.63
	2.7
	2.87
	2.6
	2.7
	2.9
	2.67
	2.7
	2.97

	
	
	50%ile
	3.33
	4.3
	7.38
	3.3
	4.5
	9.1
	3.38
	4.6
	9.64

	
	
	95%ile
	22.69
	129.4
	130.34
	24.0
	134.9
	137.8
	27.80
	133.2
	142.14

	
	
	mean
	13.27
	22.1
	28.73
	13.5
	23.7
	31.8
	13.89
	23.7
	33.26



Table III: System level evaluation results for scenario A – non-ceiling mounted BS with UE antenna configuration 2
	Tdoc /
Source
	Cases
	Case 1 – No LBT 
	 Case 2- Omnidirectional LBT 
	Case 3 – Directional LBT 

	R1-2009380 / Source 1
	Traffic load
Metrics              
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO

	
	DL UPT (Mbps)
	5%ile
	2489.86
	1193.92
	204.20
	2306.31
	1051.88
	216.99
	2405.16
	1043.66
	264.96 

	
	
	50%ile
	5205.24
	3624.00
	1620.08
	4998.94
	3379.49
	1501.38
	5030.37
	3407.05
	1642.74

	
	
	95%ile
	5969.25
	5326.55
	4028.82
	5734.06
	4992.53
	3790.01
	5764.38
	5052.36
	3875.32

	
	
	mean
	4921.53
	3480.37
	1805.75
	4732.19
	3236.06
	1688.56
	4764.90
	3248.37
	1796.90

	
	DL delay (s)
	5%ile
	2.36
	2.42
	2.78
	2.42
	2.53
	2.91
	2.42
	2.53
	2.89

	
	
	50%ile
	2.87
	4.47
	16.14
	2.94
	4.89
	18.78
	2.94
	4.84
	16.36

	
	
	95%ile
	51.95
	143.30
	184.86
	52.08
	145.00
	194.47
	46.50
	148.09
	184.36

	
	
	mean
	14.88
	25.34
	48.36
	14.95
	26.30
	52.79
	14.54
	27.06
	48.76

	
	UL UPT (Mbps)
	5%ile
	2097.28
	1113.5
	838.14
	2007.27
	1036.2
	799.88
	1951.70
	995.5
	740.68

	
	
	50%ile
	4830.23
	3963.6
	2416.94
	4747.42
	3808.6
	2132.90
	4733.81
	3788.7
	2117.29

	
	
	95%ile
	5366.37
	4931.5
	4380.69
	5303.91
	4820.6
	4229.17
	5304.49
	4803.3
	4187.98

	
	
	mean
	4558.31
	3554.1
	2483.97
	4481.93
	3382.6
	2310.29
	4468.98
	3362.9
	2286.96

	
	UL delay (s)
	5%ile
	2.61
	2.67
	2.81
	2.66
	2.7
	2.87
	2.66
	2.73
	2.88

	
	
	50%ile
	3.25
	4.05
	6.81
	3.31
	4.25
	8.06
	3.31
	4.30
	8.27

	
	
	95%ile
	50.19
	135.6
	136.31
	51.66
	143.91
	141.42
	53.33
	143.14
	142.72

	
	
	mean
	14.63
	23.3
	30.36
	14.97
	25.57
	32.73
	14.97
	25.45
	33.05



For all the tables above, the simulation assumptions and LBT related parameters summarized in Appendix I and II are adopted. For all three scenarios, results are provided for both the case when no LBT is employed, as well as when omnidirectional and directional LBT are used. Given the directive nature of the transmissions, and that for the specific scenarios that we have agreed upon the like hood that an LBT may fail is very limited, in all tables above, the high load cases, which are more representative of a congested scenarios, are those where the use of LBT is more relevant, and for which it is appreciable a system level advantage in the use of LBT. In this sense, Appendix C contains the geometry and RSRP distributions for both the indoor A scenario with ceiling mounted gNBs and the indoor A scenario with non-ceiling mounted gNBs. From all tables, it is possible to notice that at least the 5%tile users performing LBT at the gNB may actually improve their performances compared to the case when no LBT is employed at the gNB. Furthermore, from Table I, it is possible to notice that omni-directional LBT consistently slightly outperforms directional LBT, given that for the case when gNBs are ceiling mounted and the UE antenna configuration 1 is used, the overprotective behaviour of omni-directional LBT is more mitigated. However, for the other scenarios and specifically for the case when the gNB is instead mounted at a similar height of the UEs, Table II  and Table III show that the overprotective nature of omni-directional LBT becomes more prominent, and directional LBT slightly overperform omnidirectional LBT. All tables above emphasize the pro and cons of these two types of LBT procedures, highlighting that they may be able to complement each other in certain specific scenarios.
Proposal 1: Both directional and omni-directional LBT are supported, and it may be up to the network which LBT to use based on the specific use case and scenario.

As mentioned above, directional LBT exacerbates in some case the well-known hidden node issue and leads to scenarios where the system could suffer from deafness, when this is associated with directional transmissions. In order to overcome the issues when LBT is used, additional mechanisms should be introduced, such as an RTS/CTS like exchange of information between the transmitter and the receiver, and potentially the use of LBT in both sides to establish a link between the two, and assess the correct level of interference at the receiver.
In Figure 5, a snapshot of the observed energy levels is provided for both the UEs and the gNB for indoor A scenario when gNBs are ceiling mounted. UL Rx lines represent the average interference at the BS, while CCA lines represent the average interference at the UE.  The figure highlights that CCA measurement at the BS and UE are quite uncorrelated in many instances, and the only CCA method that truly reflects the level of interference at the receiver is one that gets assistance from the receiver in determining the CCA procedure itself.
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[bookmark: _Ref53797789]Figure 5. A snapshot of the observed energy by the UE and BS at the same time period for Indoor A scenario
Observation 2: Receiver-aided LBT is able to mitigate the issues introduced by directional LBT and offers a mean to better assess the correct level of interference at the receiver
In this regard, if RAN1 concludes that directional LBT would be supported then this should be complemented with a receiver-aided LBT, and RAN1 should assess how to support this feature.   
Proposal 2: If directional LBT is supported, a receiver-aided LBT should complement its CCA procedure. FFS: details on how to support this feature.
2.2 Considerations on COT Sharing and General LBT Procedure
For unlicensed 60 GHz band, the ETSI BRAN mandates the use of LBT and provides within ETSI EN 302 567 [3] recommendation regarding the channel access procedure to be used. In particular, the ETSI EN 302 567 3] also includes the following text for the detailed LBT procedure, which has been recently updated:
	The LBT mechanism is as follows
Before a single transmission or a burst of transmissions on an Operating Channel, the equipment that initiates transmission shall perform a Clear Channel Assessment (CCA) Check in the Operating Channel. 
If it finds an Operating Channel occupied, it shall not transmit in that channel and it shall not enable other equipment(s) to transmit in that channel. If the CCA check has determined the channel to be no longer occupied and transmission was deferred for the number of empty slots defined by the CCA Check procedure, it may resume transmissions or enable other equipment to transmit on this channel.
The equipment that initiates transmission shall perform the CCA check using "energy detect".  The Operating Channel shall be considered occupied for a slot time of 5 μs if the energy level in the channel exceeds the threshold corresponding to the power level given in step 7) below. It shall observe the Operating Channel(s) for the duration of the CCA observation time measured by multiple slot times. 
CCA Check definition:
a)	A CCA check is initiated at the end of an operating channel occupied slot time.
b)	Upon observing that Operating Channel was not occupied for a minimum of 8 µs, transmission deferring shall occur.
c)	The transmission deferring shall last for a minimum of random (0 to Max number) number of empty slots periods.
d)	Max number shall not be lower than 3.
The total time that the equipment initiating transmission makes use of an Operating Channel is defined as the Channel Occupancy Time. This Channel Occupancy Time shall be less than 5 ms, after which  it shall perform a new CCA Check as described in step 1), step 2), and step 3) above.
An equipment (initiating or not initiating transmission), upon correct reception of a packet which was intended for this equipment, can skip the CCA Check, and immediately proceed with the transmission in response to received frames. A consecutive sequence of transmissions by the equipment, without a new CCA Check, shall not exceed the 5 ms Channel Occupancy Time as defined in step 5) above.
The energy detection threshold for the CCA Check shall be -47 dBm + 10 × log10 (PMax / Pout) (Pmax and Pout in W e.i.r.p.) where Pout is the RF output power (EIRP) and Pmax is the RF output power limit 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 [6].  In fact, this new procedure is aligned with the new SIFS length (e.g., 5us) of the 802.11ad/11ay. Furthermore, the described LBT procedure is composed by a clear channel access (CCA) procedure with no concept of channel access priority classes (CAPC).
2. Regardless of the type of traffic conditions, the maximum channel occupancy time (MCOT) is always limited to 5 ms.
3. Transmissions without performing any LBT are always supported within the initiating device’s 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.

Based on the above considerations, for a system operating in unlicensed 60 GHz band, the MCOT should be limited to 5ms, but it would be up to the initiating device to terminate earlier its transmission.

Proposal 3: For a system operating in unlicensed 60 GHz band, the maximum channel occupancy time (MCOT) should never exceed 5 ms.  
Given the inherent advantage in terms of LBT overhead in sharing a COT between an initiating device and a responding device, and given that the ETSI EN 302 567 [3] allows unconditionally this mechanism, this feature should be always supported either when the initiating device is a gNB or when the initiating device is a UE, as long as before using that COT the responding device correctly receives a transmission that was intend to it from the initiating device.

Proposal 4: When a COT is acquired by an initiating device, this can be shared with any other device for which the transmission of the initiating device is targeted to.  
While based on the ETSI EN 302 567 [3] in band 75 within ITU region 1, mandatory LBT is required by an initiating device to acquire the COT before it can perform any transmission, no LBT is needed by neither any of the responding device that are allowed to transmit within the initiating device's COT, or by the initiating device itself in any subsequent occasions within the acquired COT. However, it may be beneficial, under circumstances when multiple initiating device may compete for the same channel and/or responding devices from different initiating device may potentially interfere with each other, to perform a minimum CCA observation of 8us before a separate noncontiguous transmission within an initiating COT. In this case, a device may need to asses that the channel is clear before transmitting if that device is a responding device or an initiating device that may continue to operate within its initiating COT after pausing transmission for some time. However, given that this may be beneficial from a system perspective only under certain circumstances, while increasing the overall LBT overhead which in other cases may lead in loss in performance, whether to perform additional short CCA procedure(s) within an initiating COT or not could be left up to the gNB.

Proposal 5: It is up to the gNB on whether to mandate or not the use of LBT before attempting any transmission from any device within an initiating device’s acquired COT.  
[bookmark: _Hlk53143709]The channel access procedure mandated by ETSI EN 302 567 [3], and agreed during the previous RAN1 meeting [2] has some similarities with the type 1 channel access procedure defined and used in both LAA and Rel.16 NR-U. However, for type 1 channel access procedure four channel access priority classes (CAPCs) were available to accommodate for different types of traffic and quality of service (QoS), as also mandated by the text in ETSI BRAN 301 893 [4]. In addition, for each CAPC, the minimum Zmin and maximum Zmax values of the contention window, were changed from time to time based on the HARQ feedback information related to a reference portion of the prior transmission burst to update the back-off counter window based on the contention of the medium. Furthermore, the maximum supported COT differs for each CAPC, which was linked to specific QoSs. While these concepts are not explicitly captured in the ETSI EN 302 567 [3], they are neither precluded as well. Therefore, RAN1 could further study, and decide whether any modifications would be needed on top of the procedure already agreed and captured in TR 38.808 [5]. For instance, whether, Zmin and Zmax should be fixed or they should be fixed based on the type of transmission and physical channel that the device performs, or whether they should vary based on the type of traffic and QoS, and in this matter whether it would be benefit to introduce CAPC as in NR-U, and LAA.

Proposal 6: RAN1 should discuss and identify the values Zmin and Zmax for the CCA procedure agreed and captured in TR 38.808 [5]. Further RAN1 should investigate on whether these values should depend on the type of transmission and physical channel that the device performs, and/or on the type of traffic and.
Within each of the observation windows of a CCA procedure, a channel is assessed to be idle or busy based on the level of the energy that is detected within the nominal bandwidth. In particular, if the energy is below a certain threshold, the channel is considered to be idle, otherwise the channel would be considered as busy. ETSI EN 302 567 [3] provides a very simply formula for the determination of the energy threshold which should be used to distinguish between an idle and a busy channel. However, as indicated at the beginning of this section, this does not account for the channel bandwidth of the system. Given that multiple systems may operate at the same time within band 75, and each may be characterized by a different maximum output power and bandwidth, in order to guarantee fair coexistence among them, the energy threshold should also account for these. Also it should be noted that ETSI EN 302 567 [3] CCA level is 1 dB looser (i.e. -47 dBm) than what IEEE 802.11ad specification requires for energy detection (i.e. -48 dBm).

Proposal 7: When operating in unlicensed 60 GHz band, in order to allow fair coexistence among incumbent systems, the ED threshold calculation shall account not only for the maximum output power, but also at least for the bandwidth used.
As discussed, in Sec. 2.1 of this document, directional LBT may well complement omni-directional LBT depending on the scenario where they are used, and one may perform better than the other based on the deployment and use case. Also it is important to note that depending also on the ED threshold used, one LBT mechanism may perform better than the other, and in general when low ED thresholds are used, the directional LBT may overperform omni-directional LBT given that the level of protection offered by the later gets also increased, which may help sufficiently mitigate the hidden node issue bringing this in par with that of omnidirectional LBT while still offering better spatial reuse than that. Fig. 6 and Fig. 7 provide mean UPT for two different cases, respectively: i) Indoor A with gNB’s mounted on the ceiling, which is representative of a factory settings, and ii) Indoor A when the gNB’s are mounted on a wall, which is more representative of a residential setting. Similarly as the system level simulation results provided in Sec. 2.1, the simulation assumptions and LBT related parameters here are also those summarized in Appendix I and II. Both Fig. 6 and Fig. 7 show that as the Ed threshold decreases, the likehood of a CCA failure may increase, which impact negatively the UPT, which tends to decrease. In both deployments, omni-directional LBT outperforms directional LBT when the CCA procedure is performed with higher ED thresholds, but as the value of the ED threshold increases there is an inversion in performance among the two LBT mechanisms.

[image: ]

Fig. 6: Mean UPT as function of the ED threshold for the case of ceiling mounted gNB’s.
[image: ]

Fig. 7: Mean UPT as function of the ED threshold for the case of non-ceiling mounted gNB’s.

 In this matter, it may be beneficial within the ED threshold calculation to also account for the type of LBT mechanism used so that to exploit the advantage described above.

Proposal 8: When operating in unlicensed 60 GHz band, the ED threshold calculation shall account for the type of LBT mechanism used.

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: Omni-directional LBT may act in many cases overprotectively and may prevent from fully exploiting spatial reuse under highly directional transmissions. This issue may be mitigated through directional LBT. However, directional sensing exacerbates the well-known hidden node issue, and leads to scenarios where the system could suffer from deafness.
Proposal 1: Both directional and omni-directional LBT are supported, and it may be up to the network which LBT to use based on the specific use case and scenario.

Observation 2: Receiver-aided LBT is able to mitigate the issues introduced by directional LBT and offers a mean to better assess the correct level of interference at the receiver
Proposal 2: If directional LBT is supported, a receiver-aided LBT should complement its CCA procedure. FFS: details on how to support this feature.

Proposal 3: For a system operating in unlicensed 60 GHz band, the maximum channel occupancy time (MCOT) should never exceed 5 ms.  
Proposal 4: When a COT is acquired by an initiating device, this can be shared with any other device for which the transmission of the initiating device is targeted to.  
Proposal 5: It is up to the gNB on whether to mandate or not the use of LBT before attempting any transmission from any device within an initiating device’s acquired COT.  
Proposal 6: RAN1 should discuss and identify the values Zmin and Zmax for the CCA procedure agreed and captured in TR 38.808 [5]. Further RAN1 should investigate on whether these values should depend on the type of transmission and physical channel that the device performs, and/or on the type of traffic and.
Proposal 7: When operating in unlicensed 60 GHz band, in order to allow fair coexistence among incumbent systems, the ED threshold calculation shall account not only for the maximum output power, but also at least for the bandwidth used.
Proposal 8: When operating in unlicensed 60 GHz band, the ED threshold calculation shall account for the type of LBT mechanism used.
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Appendix A: Simulation Assumptions
Table 3. Summary of simulation assumptions
	Parameters 
	Assumptions

	Layout
	Indoor A
[image: ]

	UE distribution
	100% Indoor, 3km/h.
Average 10 users per BS.

	Carrier frequency
	60 GHz

	Carrier bandwidth
	2000 MHz CC

	SCS
	960 kHz

	Channel model
	NR InH Open Office model in 38.901 [5]

	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 antenna height
	3 m for ceiling mount setup and 1.5 m for wall mount setup

	BS receiver noise figure
	7 dB

	UE receiver noise figure
	10 dB

	BS antenna pattern
	InH ceiling mount in TR38.802 [6]
	

	UE antenna pattern
	UE Mode 1 in TR38.802 [6]
	

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


	UE antenna array configuration
	Configuration 1: (M, N, P, Mg, Ng) = (2, 2, 2, 2, 1), dH = dV = 0.5 λ
Configuration 2: (M, N, P, Mg, Ng) = (2, 4, 4, 2, 1), dH = dV = 0.5 λ
Mechanic tilt: 0 degree

	Traffic model 
	For FTP3 traffic model with high traffic load, and file size of 2 Mbytes.

	UE receiver
	MMSE-IRC as the baseline receiver

	Data Processing Latency
	K1=192 symbol

	Channel estimation
	ideal

	Traffic type
	DL and UL 



Appendix B: LBT Assumptions
Table 4. LBT Assumptions
	Parameter
	Value

	ED threshold
	-48 dBm

	CCA slot length ()
	5us

	Maximum Channel Occupancy Time
	5ms

	Contention Window Size
	15



Appendix C: Geometry and RSRP distributions
C.1 Geometry and RSRP distribution for Indoor A scenario
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Figure 8. DL Geometry of Indoor A scenario

[image: ][image: ]
Figure 9. RSRP of BS to BS links and (non-serving) BS to UE links for Indoor A scenario
[image: ] [image: ]
Figure 10. RSRP of (serving or non-serving) BS to UE link for Indoor A scenario
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Figure 11. Accumulative RSRP of (non-serving) BS to UE links for Indoor A scenario

[image: ]
Figure 12. RSRP of UE to (serving) BS for Indoor A scenario
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Figure 13. RSRP of UE to (non-serving) BS links for Indoor A scenario. The BS is using regular beamforming intended to receive signals from its own UEs (denoted as Dir CCA), or omnidirectional beamforming (denoted as Omni CCA)
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Figure 14. RSRP of UE to UE links for Indoor A scenario. The UE is using regular beamforming intended to receive signals from its own BS (denoted as Dir CCA), or omnidirectional beamforming (denoted as Omni CCA)

C.2 Geometry and RSRP distribution for Indoor A scenario with non-ceiling mounted BS
[image: ]
Figure 15. DL Geometry of Indoor A scenario with non-ceiling mounted BS
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Figure 16. RSRP of BS to BS links and (non-serving) BS to UE links for Indoor A scenario with non-ceiling mounted BS
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Figure 17. RSRP of (serving or non-serving) BS to UE link for Indoor A scenario with non-ceiling mounted BS
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Figure 18. Accumulative RSRP of (non-serving) BS to UE links for Indoor A scenario with non-ceiling mounted BS
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Figure 19. RSRP of UE to (serving) BS for Indoor A scenario with non-ceiling mounted BS
[image: ]
Figure 20. RSRP of UE to (non-serving) BS links for Indoor A scenario with non-ceiling mounted BS. The BS is using regular beamforming intended to receive signals from its own UEs (denoted as Dir CCA), or omnidirectional beamforming (denoted as Omni CCA)
[image: ] [image: ]
Figure 21. RSRP of UE to UE links for Indoor A scenario with non-ceiling mounted BS. The UE is using regular beamforming intended to receive signals from its own BS (denoted as Dir CCA), or omnidirectional beamforming (denoted as Omni CCA)
[bookmark: _Ref48248896]
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