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Introduction
This paper presents our view on the study of channel access mechanisms for supporting NR from 52.6 GHz to 71 GHz, one of the two main objectives for SID [1,2]. In RAN1 101-e, we discussed the following aspects for channel access mechanisms for unlicensed NR system for operation in the frequencies of interest, dubbed as ‘FR2x Unlicensed’ operation:
Observations on characteristics of FR2x unlicensed operation
Possible channel access modes for deployment in FR2x unlicensed operation
· Aspects of sensing for channel access 
· Proposal to keep the scope of studies to intra-technology coexistence
In this paper, we discuss the following aspects in further detail:
Channel access mechanisms to resolve catastrophic beam collisions
Considerations for directional medium sensing
Aspects of receiver assisted medium sensing
Identifying parameters for no-sensing based operation
Discussion 
Regulatory Landscape for Channel Sensing in FR2x
As discussed in the previous meeting, ETSI BRAN is revisiting regulations for the extended 60GHz band and details of ‘Adequate Spectrum Sharing Mechanism’ are under discussion [4][5][6]. An effort to identify appropriate requirements on the mechanisms for fair coexistence is ongoing in EN 302 567 and EN 303 722. The categorization of c1, c2 and c3 modes of operation per ETSI regulation are recapped here, along with the EIRP and PSD limits as well as use case restrictions. 
Table 1  ECC Recommendations for operating modes for 57-71 GHz frequency bands [4]
	Mode
	Power / Magnetic Field
	Use Case restrictions
	Spectrum Sharing Requirement

	 
c1 [5]
	40 dBm EIRP, 23 dBm/MHz EIRP density
	No fixed outdoor installations
	‘Adequate Spectrum Sharing Mechanism shall be implemented’ [4]
Note: Under current spec. c1, currently requires LBT mechanisms [5], while c3 does not require sensing and LBT mechanisms [6].  c2 is under purview of new ETSI WI [8]

	 
c2 [8]
	40 dBm EIRP, 23 dBm/MHz EIRP density and max. transmit power of 27 dBm
	
	

	 
c3 [6]
	55 dBm EIRP, 38 dBm/MHz EIRP density and transmit antenna gain ≥ 30 dBi
	Only fixed outdoor installations
	


Spatial Characteristics of Interference and Beam Collisions
As discussed in the previous meeting, FR2x unlicensed deployments are envisioned to involve highly beamformed transmissions from nodes under strict EIRP limits. Further, given the propagation characteristics in these bands, the interference, even under demanding traffic scenarios, were shown to have very different characteristics. Even in the absence of any coordination mechanism, most users were shown to experience minimal interference under shared bandwidth operation. This points to a regime where the SINR vs reuse trade-off tilts in favor of higher reuse.
[bookmark: o1]Observation 1: Due to beamformed operation under strict EIRP limits, FR2x unlicensed deployments are likely to have a lower likelihood of encountering damaging interference. Therefore, the SINR v reuse trade-off tilts in favor of higher reuse.
The same study also showed that a non-negligible tail of users suffers under shared bandwidth compared to partitioned bandwidth scenario. Although all interference can be argued to be bursty, the ‘persistence’ of such bursts depends on several factors such as (a) nature of traffic / load, (b) number of different beams the interferer is currently active on, (c) the type of interfered service. In other words, the ‘sustained’ nature of the interference is a relative concept. 
[bookmark: o2]Observation 2:  The average performance of a given network drop may deviate significantly from the stochastic average over many drops, due to directionality of desired and interfering links. In other words, interference, though less likely, can be damaging when present.
An example of (a) would be unplanned placements and deployments, a mobile device may experience high and persistent interference from ongoing transmissions from another device such as a smart television. An example of (b) may be a system with few UEs being served (or) UEs in an aligned subset of directions. An example of (c) would be use cases such as industrial IOT in 60GHz that have tighter latency requirements, a few tens of milliseconds of interference can count as persistent and cause packet failures.  
[image: ]	[image: ]  	[image: ]	[image: ]
Example 1: Non-Colliding	Example 2: Non-Colliding	    Example 3: Colliding		       Example 4: Colliding
Figure 1: Interference depends on spatial geometry
In Figure 1, we present a few examples of colliding transmissions. Example 1 would be more representative of a licensed deployment as well as UEs in unlicensed deployment which don’t suffer from interference due to closed association. Example 2 would not necessarily be classified as “non-colliding” in unlicensed operation in lower bands where narrow beamforming is not applied, whereas in FR2x the two transmissions may be able to coexist simultaneously. Example 3 illustrates how beam directionality still does not prevent or eliminate colliding transmissions, whereas Example 4 shows how the interference impact could be asymmetric, at least in part due to directionality. The basic idea is that FR2x deployments experience less interference due to beamformed operation and the interference depends on spatial geometry. To address the channel access question, we start off with. the question can be framed as a statistical one. Questions: (1) How often do drops with collisions occur? (2) How to resolve them while prioritizing higher reuse as cited in Observation 1? We attempt to answer question (1) below: 
[image: ][image: ]
Figure 2: Indoor HotSpot with 10 UEs per cell, SINR and IoT Characteristics without LBT, Full buffer 
The observations in Figure 2 are evidence of at least the following observations. (1) There is significant variation of not only signal but also interference, likely due to interference beam direction as much as serving beam direction (2) The median user’s median SINR is quite healthy, at 10+ dB, and negative SINR is only observed on the lower tail of lower tail. (3) Interference over thermal is not small, but there is a large variation between mild (lower tail of lower tail is ~2.5 dB) and severe collisions (upper tail of upper tail can be as high as 30 dB).
In practice, all UEs may always not have active traffic, for any gNB loading level. Therefore, it is useful to ask whether the link quality on the median is predicted by the median UE SINR of simulation with large number of UEs. Therefore, we introduce the idea of active sets. Among the N UEs per cell, there are numerous ways of selecting K UEs per cell to be active. Here, we consider 20 randomly chosen configurations with N = 10, K = 1, then 10 randomly chosen configurations with N = 10, K = 2, followed by 4 configurations with N = 10, K = 5 and compare it against the N = 10 case with all N active. First, we compare their median SINRs. 
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Figure 3: Multiple Active Sets within the Indoor Deployment, K = 1,2,5,10. Median UE SINR
Observation: With relatively large number of active UEs per cell, the median SINRs appear to be in very good shape with uncoordinated spectrum sharing. As the active set shrinks, so does interference beam diversity and hence a larger variation is observed in the median SINR of the median UE, with the green dash-dot line being the median SINR of the median UE. While such a variation is expected as a general matter, the interfering beam direction as evidenced by Figure 2. As many as 5 out of 20 deployments with 1 UE per cell active and 3 out of 10 deployments with 2 UEs per cell active show tail UEs with less than -3 dB median SINR. This goes back to the observation that interference, though less likely, can be damaging when present.
The following results are the equivalent set of Figure 3 but for the tail SINR of each UE as opposed to the median. Observations are similar, but the notable trend that the tail UEs’ tail SINR showing significantly more impact than the median UE’s tail SINR. In summary, beam collisions may impact some UEs more than others based on serving and interfering beam directions.
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Figure 4: Multiple Active Sets within the Indoor Deployment, K = 1,2,5,10.   5th Percentile UE SINR
Channel access modes for deployment
As introduced in [7] channel access procedures for unlicensed operation have relied on channel sensing as a primary mechanism for ensuring reliability and fair access. The classical channel sensing takes the form of Listen Before Talk (LBT), which may incur a variable medium access reuse loss, in return for improvements in networkwide metrics such as link SINR quality and fairness. As identified in Observation 1, FR2x channel access tilts naturally in favor of higher reuse due to beamformed operation. In this paper, we revisit the three modes discussed in [7] with a view towards the trade-offs by them. As noted in Table 1, the different modes of operation defined in ETSI are tied to the potential use cases. On the same vein, it is conceivable that different deployment modes described below could be tied in some capacity to the use cases served. 
No-Sensing or No-LBT deployment mode:  When parameters are suitable, this option may well provide the benefit of simplifying operation. Addressing the phenomena of observation 2 can be achieved by potentially stricter requirements, for e.g.: constraints on EIRP, duty cycle and directionality of transmission. While it leans towards prioritizing reuse over interference resolution, the parameters may not always be suitable. The following is an example of constraints, considering interference created to other nodes: 
· Limiting interference level (EIRP, conducted power) when employing transmissions without medium sensing
· Persistence of interference (Duty cycle, time average, burst duration): Under no-sensing operation, there could be a maximum limitation on the duty cycle or burst duration occupied by the node 
· Spatial footprint of interference: Beam width and number of beams could play a part in this condition given the spatial nature of interference. Constant – unchanging – footprints may be incentivized for channel access. 
· Indoor / Outdoor classification of nodes
· Example of joint limits:
· No-LBT medium access by a transmitter is permitted with an EIRP  provided the duty cycle of transmission is below a threshold d
· Total duty cycle d represents the fraction of time where the node is transmitting averaged over a time window, 
[image: ][image: ]

Long Term Sensing based deployment mode: In order to allow operation without constraints on EIRP, duty cycle etc., while still satisfying adequate spectrum sharing requirements of regulatory bodies, long-term sensing mechanisms could be identified that improves coexistence by sensing the channel over a slower timescale than individual bursts of transmissions.
· Longer term of sensing could mean that reuse is still not compromised significantly, in keeping with observation 1
· Moreover, designed correctly, this may be able to resolve the phenomena of observation 2, resolving beam collision events from being persistent
· Long-term sensing may require NR to provision for long-term sensing gaps and/or channel measurement gaps to facilitate the process. 
Short Term Sensing based deployment mode: Short term sensing, often specified in the form of LBT channel access procedure before every transmission burst, may be specified while being cognizant of Observation 1. The impact in Observation 2 can further be limited by imposing constraints on duration, power, and other parameters for a subset of transmissions such as control information. It could be envisioned for such transmission bursts to be sent in a contention exempt manner. 

[bookmark: p1to4]Proposal 1: Conditions for deployment modes where No-LBT or No Sensing is viable could be based on EIRP/transmit power, duty cycle of channel occupancy and spatial characteristics of transmission, or a combination thereof. 
Proposal 2: Explore long-term sensing-based deployment modes further to allow a reuse friendly approach while still resolving catastrophic beam collisions. Provision for channel measurement gaps and/or long-term sensing gaps to facilitate the same. 
Proposal 3: LBT or Short-Term Sensing:  Identify conditions for deployment modes where short term medium sensing before a transmission needs to be considered for every transmission.
Proposal 4: Contention Exempt Transmissions: Investigate and identify conditions where some transmissions can be permitted in a contention exempt manner, i.e. a sensing medium is not a requirement before transmission, even within deployment modes which require some form of sensing.   
Sensing for Channel Access
The goal of channel sensing for medium access in a shared spectrum channel is two-fold:
Protect the on-going transmissions from being interfered by the intended transmission
Protect the intended transmission from being interfered by the on-going transmission
Given the (1) high directionality of transmissions at the transmitter and (2) high directionality of receiver, sensing for channel access in FR2x therefore, cannot be decoupled from directionality and the transmission / reception roles of the node in the ensuing transaction.
Omnidirectional vs directional sensing
[image: ]As outlined in [7], sensing based channel access procedures are implicitly based on an ‘interference-reciprocity’ assumption, i.e. a node expected to cause more interference should back-off/silence more. In highly beamformed systems such as FR2x unlicensed is expected to be, the relationship between a sensing operation and beamformed transmission at a node can be discussed in terms of its ‘interference footprint’ -which roughly identifies the locations affected by the intended transmission,  and its ‘sensing footprint’ – which identifies the set of locations that are sensed strongly. 
As indicated in Figure 5, an omnidirectional sensing footprint at any threshold may mismatch with the interference footprint of highly beamformed directional transmission. This can contribute to (1) interference e.g. the victim device in the interference footprint but not in sensing footprint under threshold T1 (2) over-silencing e.g. the aggressor device not in the interference footprint but in the sensing footprint under threshold T2. Figure 5 The interference footprint of transmission from contending node N and the (omnidirectional)  sensing footprints at thresholds T1 and T2  for the sensing unit at node N.

[bookmark: p5]Questions: What is an appropriate relationship between the sensing beam, sensing threshold and the ensuing transmission beams? Stated another way, what should be the basic principles in defining the relationship between T1 and T2?  
The sensing beam shape and gain may be different from the eventually used transmit beam’s gain and directivity. For example, this can prominently happen in the following use cases depicted in Figure 6:
A gNB contends and senses the medium using a sensing beam B0, and on winning the medium under the channel access procedure, transmits a group of SSBs, each beamformed by a separate beam Bi , that cannot necessarily  be assumed to be QCL with respect to each other. (Figure 6: left)
A gNB wins the medium using channel access procedure with a sensing beam B0, and goes to serve multiple users in the same COT, using separate non-QCL beams Bi. (Figure 6: right)

[image: ][image: ]
[bookmark: _Ref47724496]Figure 6 Sensing for channel access, for a known sequence of SSB transmissions (left) or for a dynamic sequence of data transmissions to different UEs (right).

The distinction of QCL versus not-QCL may not be suitable for sensing beam and transmission relationship, which may instead be more amenable to a ‘soft’ quantification as opposed to a binary criterion.  In order to capture this in a more natural way, we could consider the use antenna gain as a possible metric to assess suitability of using sensing beam A in conjunction with transmission beam B, for example. In particular, a wider beam sensing may pick up less energy along the direction of eventual transmission using a narrow beam. This should likely be reflected the energy detection threshold used with wider beam sensing as opposed to narrow beam sensing for an ensuing narrow beam transmission. For instance, a wider beam sensing with narrow beam transmission should use a lower energy detection threshold compared to a narrow beam sensing for the same narrow beam transmission. 
[bookmark: px]Proposal 5:  Consider the use of antenna gain of sensing beam and transmission beam to determine the suitability of using a given sensing beam in conjunction with another transmission beam. 

Tx sensing and Tx-Rx mismatch 
[bookmark: _Hlk47524656][image: ]
Figure 7 Sensing a beamformed transmission.
  [image: ] [image: ]
Figure 8  Understanding Tx Sensing-Rx mismatch: The simulations scatterplots show measured energy (received power in omnidirectional sensing)  from interfering downlink transmissions measured at gNB-UE pairs in 60 GHz and 6 GHz environments respectively in an Indoor Office Scenario: [left: 60GHz/2.16GHz BW, 40dBm EIRP, 16x8 Antennas/Pol@gNB, right: 6GHz/20MHz BW, 23 dBm TxPower, 4 Antennas@gNB, ].A common energy threshold of θ= -78 dBm is used for depiction. 

As noted in [7], sensing at a contending transmitter does not necessarily represent the eventual interference impact to the receiver. However, this phenomenon is amplified under beamformed operation of FR2, i.e., greater fraction of hidden and exposed nodes for a given nominal sensing threshold is observed, although the overall interference level is less due to the very same reason.
Dealing with this Tx sensing -Rx mismatch typically requires some involvement from the receiver in the sensing process. Moreover, mismatches in sensing can reduce the effectiveness of Tx-sensing and back-off/silencing procedures, consequently diminishing the purpose of medium reuse traded off to gain SINR.
Traditionally, receiver involvement has typically implied some form of message exchange between transmitter and receiver. However, these techniques have had their challenges in the past, owing to a multitude of factors which can be placed under the umbrella of complexity. Recognizing the simplicity of energy detection schemes, here we proposed a modified energy 

[bookmark: o3]Observation 3:  High Tx Sensing-Rx Mismatch: The interference observed by sensing unit at the transmitter may be considerably different than that eventually observed by the receiver.

[bookmark: p7][bookmark: p6]Proposal 6:  Study and design channel access procedures and sensing guidelines that consider the prevalence of Tx Sensing-Rx mismatch. 
Simulation Studies
One of the main understanding expected from simulation studies is the impact of spectrum sharing mechanisms on overall system performance and the merits of developing tools and procedures for improved performance. In accordance with simulation methodology agreed in R1-101e, we discuss below an indoor deployment scenario with 2 operators. The simulation layout is as depicted in the Figure 14 – and corresponds to half the size of the full indoor open office layout with 12 gNBs/operator. This reduced size layout has 2 operators each with 6 gNBs and each gNB is connected to 5 UEs/ cell. Additional details of the simulation are presented in Table X. We undertake comparison study of COT based channel access under different sensing assumptions and parameters. 

Impact of processing delays on the performance
A key question under scaling of NR numerology for use with higher bands is the non-scaling impact of processing/preparation timelines (e.g. N1, N2).  For 960KHz SCS   numerology, relative to FR2 SCS of 120KHz, the conservative estimates would use the same absolute timelines for processing. The most aggressive assumptions on the timelines would scale the requirements in symbols/slots. Figure 7 shows the relative impact of assumptions on timelines on the performance of 960KHz deployment of NR system (licensed like operation). The timelines have been translated to the slot-based parameters namely [K1, K2 and K3].  The significant impact can be observed for the conservative timelines of [12,20,32] slots on both downlink and uplink. The processing delays also affect the time-diversity afforded to a link, at the expense of scheduling delays. That phenomenon can also be observed in the figure below. 

[image: ][image: ]
Figure 9 Impact of UE and gNB delay timelines. No-LBT NR TDD simulations.  5 UEs/Cell for ½ InH Model(60mx50m) with 2 operators.  Simulations Assumptions : SCS 960KHz. 2GHz. 40dBm/Pol, 25dBm/Pol EIRP at gNB/UE, Traffc: FTP Model 3 with short file size of 2MB. The Ki vector represents [K1,K2,K3] assumptions in NR Slot counts.  As can be seen, Ki have large impact on the overall throughput performance. The solid lines depict median user performance of the mean UPT. The dotted lines represent corresponding performance of the tail user (5th percentile)

COT based channel access with LBT sensing

Next, we look at a collection of COT based channel access schemes that deploy channel sensing LBT mechanisms. The detailed assumptions of the LBT mechanism are captured in the table below. 
 
Table 2:  Common assumptions on the channel access mechanism
	Contention Slot and Contention Window
	8us + (1-5) random number of contention slots of duration 5 us for the gNB, UE transmissions are contention free within the COT

	SCS, BW
	960KHz, 2GHz

	Layout
	½ InH Open office model – with 2 operators, 6gNB/operator in 60mx50m, 

	{BS, UE} Antenna Configuration 
	(Mg,Ng,M,N,P) = (1,1,4,8,2) with (0.5 dv, 0.5 dH), (Mg,Ng,M,N,P) = (1,2,2,2,2) with (0.5 dv, 0.5 dH)

	Energy Sensing Antennas
	Ideal Omni directional. Directional Matched to Transmission where applicable

	COT duration
	0.25ms = 16 NR Slots. 100%DL or 100%UL frame structure per COT. DL and UL directions for COTs alternate if both types of traffic need to be scheduled at gNB.

	Delay assumptions
	K1=12 NR Slots, K2=0, K3=0

	Multi-user scheduling
	1 User per COT with beam persistence throughout the COT

	DL -UL Traffic
	 50%-50%, FTP Model 3 with file size 2MB



 
The LBT/COT based channel access schemes have been run with the assumptions on the Ki as [12,0,0] to accommodate simulator considerations. it can be observed that the deployment has wide variation in the channel conditions seen by users. As the offered load increases the tail users start seeing instabilities while the median users continue to observe good UPT performance.  This variation can be attributed to both variation in path gain and interference. 

The COT based medium access schemes simulated have an asymmetrical processing delay modelling due to simulator considerations, making the DL absolute performance considerably inferior to uplink. The conclusions drawn below are relative comparisons between COT based schemes unaffected by the asymmetry in modelling. 
[bookmark: _GoBack]We next focus on the sensing aspects and their performance under COT based access in the next section. 

1.1.1.1 Sensing at the gNB with varying thresholds
[image: ][image: ]
[bookmark: _Ref47724611]Figure 10 DL and UL User Perceived Throughput for Simulations with different versions of LBT mechanisms with sensing thresholds at the Transmitter.  5 UEs/Cell for ½ InH Model(60mx50m) with 2 operators.   Ki = [12,0,0] slots. SCS 960KHz. 2GHz. 40dBm/Pol, 25dBm/Pol EIRP at gNB/UE, Traffc: FTP Model 3 with short file size of 2MB. [Solid lines – Median user, Dashed – Tail user]


Figure 10depicts the overall performance of DL and UL when the sensing is performed at the gNB with varying thresholds, and omni vs directional sensing. -47 dBm threshold corresponds to almost no back off at the gNB and can count as a baseline COT based performance. With variation in thresholds the LBT based back off improves the performance at higher loading levels marginally.  This is in line with the observation that for majority of cases, LBT at the transmitter has small if any performance improvements. Directionality of sensing appears to reject unnecessary silencing – for same or higher thresholds. Further, directional sensing done at the gNB appears to help at higher loads in the aggregate in the uplink. Note that, for uplink transmissions, gNB is the receiver and hence sensing at the gNB is expected to be beneficial. The situation can be different for specific drops as opposed to in the aggregate.  For example in  Figure 11, the benefit of silencing is larger for a the median user than the aggregate statistics. 

[bookmark: _Hlk47699384][image: ][image: ]
[bookmark: _Ref47724643]Figure 11 For a specific drop, drop-A, User Perceived Throughput for Simulations with different versions of LBT mechanisms with sensing thresholds at the Transmitter. In this case some benefit is seen in the use of LBT based silencing. [Solid lines – Median user, Dashed – Tail user]

1.1.1.2 Rx Assistance to combat Tx-Rx Mismatch

[image: ][image: ]
[bookmark: _Ref47724736]Figure 12 DL User Perceived Throughput for Simulations with LBT mechanisms that make use of Rx Assistance.   5 UEs/Cell for ½ InH Model(60mx50m) with 2 operators.  Ki = [12,0,0] slots. SCS 960KHz. 2GHz. 40dBm/Pol, 25dBm/Pol EIRP at gNB/UE, Traffc: FTP Model 3 with short file size of 2MB. [Solid lines – Median user, Dashed – Tail user]


It is well established that sensing done at the transmitter may be highly mismatched with the interference conditions at the transmitter. This is borne out by the results for downlink performance as shown in Figure 12 where receiver assistance in the form of silencing transmissions can help considerably. But note that given the large beam widths used at the UE, directional sensing of the UE transmissions provides smaller benefits.  The performance improvements available by directional sensing and receiver assistance can be more pronounced in specific drops, indicating a relatively stuck situation even in the presence of interference diversity.  This is depicted in Figure 13 below, which corresponds to the same drop as presented in Figure 11. 

[bookmark: _Hlk47699676][image: ][image: ]
[bookmark: _Ref47724750]Figure 13 For a specific drop, drop-A, User Perceived Throughput for Simulations with different versions of LBT mechanisms with Rx Assistance. Note that the curves corresponding to -47dBm threshold are common with those in Figure 9. Rx-Assistance is shown to have good benefits for the COT based access mode, indicating a stuck situation and a remedy based on LBT
Note in all the results that a reliably backoff based on a  threshold of -72 dBm is not readily achieved by energy detection as it is close to the noise floor. Hence the results with -72 dB can be considered to represent the performance of a message based LBT schemes with some processing gain available for detection of a preamble. On the other hand, higher level of sensing thresholds are more amenable to energy detection and Rx-Assistance facilitating energy detection from transmissions done by the receiver.  We propose that Proposal 6 should be considered. 

Conclusions
The proposals and observations made in this contribution are summarized below.
Observation 1: Due to beamformed operation under strict EIRP limits, FR2x unlicensed deployments are likely to have a lower likelihood of encountering damaging interference. Therefore, the SINR v reuse trade-off tilts in favor of higher reuse.
Observation 2:  The average performance of a given network drop may deviate significantly from the stochastic average over many drops, due to directionality of desired and interfering links. In other words, interference, though less likely, can be damaging when present.
Proposal 1: Conditions for deployment modes where No-LBT or No Sensing is viable could be based on EIRP/transmit power, duty cycle of channel occupancy and spatial characteristics of transmission, or a combination thereof. 
Proposal 2: Explore long-term sensing-based deployment modes further to allow a reuse friendly approach while still resolving catastrophic beam collisions. Provision for channel measurement gaps and/or long-term sensing gaps to facilitate the same. 
Proposal 3: LBT or Short-Term Sensing:  Identify conditions for deployment modes where short term medium sensing before a transmission needs to be considered for every transmission.
Proposal 4: Contention Exempt Transmissions: Investigate and identify conditions where some transmissions can be permitted in a contention exempt manner, i.e. a sensing medium is not a requirement before transmission, even within deployment modes which require some form of sensing.
Proposal 5:  Consider the use of antenna gain of sensing beam and transmission beam to determine the suitability of using a given sensing beam in conjunction with another transmission beam. 
Observation 3:  High Tx Sensing-Rx Mismatch: The interference observed by sensing unit at the transmitter may be considerably different than that eventually observed by the receiver.
Proposal 6:  Study and design channel access procedures and sensing guidelines that consider the prevalence of Tx Sensing-Rx mismatch. 
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Appendix A
The simulations follow the evaluation methodology. Figure 14 shows the layout. 

[image: ]
[bookmark: _Ref47724568]Figure 14 ½ Indoor Office Layout with 2 Operators
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