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Introduction
This paper presents a collection of system level evaluation results for study of NR deployment in 52.6 to 71 GHz band.  In addition, we discuss aspects of channel access mechanism along with possible enhancements for NR deployment in the 52.6 to 71GHz band. 
In this paper, evaluations in accordance with the agreed evaluation methodology are presented. Additional results are presented to provide a deeper understanding of interference in the spectrum of interest. 
Simulation Studies	
Performance of Baseline LBT Scheme
This section covers baseline LBT scheme as agreed in the evaluation methodology. One objective of the simulation studies is to study the impact of spectrum sharing mechanisms on system performance. In accordance with the agreements in R1 #102e, we discuss below an indoor deployment scenario with 2 operators. The simulation layout is as depicted in the Figure 1 – and corresponds to the full indoor open office layout with 12 gNBs/operator. Each gNB is connected to 5 UEs/ cell. Additional details of the simulation are presented in Table 1. We undertake comparison study of COT based channel access under different sensing assumptions and parameters. 
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[bookmark: _Ref47724568]Figure 1.  Indoor Office Layout with 2 Operators
COT based channel access with LBT sensing
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 1:  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
	InH Open office model – with 2 operators, 12gNB/operator in 120m x 50m

	{BS, UE} Antenna Configuration 
	Baseline: (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)
Higher Directivity at gNB: (Mg,Ng,M,N,P) = (1,1,8,16,2) with (0.5 dv, 0.5 dH), (Mg,Ng,M,N,P) = (1,2,2,2,2) with (0.5 dv, 0.5 dH)
Transmit power at gNB adjusted to achieve Max EIRP of 40 dBm.

	Energy Sensing Beams
	(a) Omni directional (b) Directional matched to transmission beam

	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=32 NR Slots

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

	DL -UL Traffic
	 50%-50%, FTP Model 3 with file sizes 2MB (and 8MB where stated)


The LBT/COT based channel access schemes have been simulated with the assumptions on the [K1,K2,K3] as [12,0,32] 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. 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
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[bookmark: _Ref47724611]Figure 2. DL and UL User perceived throughput for simulations with different versions of LBT mechanisms with sensing thresholds at the transmitter. 5 UEs/Cell for InH Model (120x50m) with 2 operators. Ki = [12,0,32] slots. SCS 960 KHz. 2GHz. 40dBm/Pol, 25dBm/Pol EIRP at gNB/UE: Antenna Configuration at gNB (Mg,Ng,M,N,P) = (1,1,4,8,2) with (0.5 dv, 0.5 dH), Traffc: FTP Model 3 with short file size of 2MB. [Solid lines – Median user, Dashed – Tail user]
Figure 2 depicts the overall performance of DL and UL when sensing is performed at the gNB with varying thresholds, and omni vs directional sensing. A threshold of -47 dBm corresponds to almost no back-off at the gNB. 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. For this layout, a threshold of -67 dBm does not appear to create significant silencing. Consequently, the relative benefit/demerits of directionality of sensing are diminished as well. 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 since it is effectively receiver assisted. The situation can be different for specific drops as opposed to in the aggregate. For example, in Section 3, the benefit of silencing is larger for the median user than the aggregate statistics. 
1.1.1.2 Rx Assistance to combat Tx-Rx Mismatch
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[bookmark: _Ref47724736]Figure 3. DL User perceived throughput for simulations with LBT mechanisms that make use of Rx assistance. 5 UEs/cell for InH model (120m x 50m) with 2 operators. Ki = [12,0,32] slots. SCS 960 KHz. 2GHz. 40 dBm/pol, 25 dBm/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 transmitter energy sensing may be highly mismatched with the interference conditions at the receiver. This is borne out by the results for downlink performance as shown in Figure 3 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 despite the directionality, likely due to beam collisions. This is depicted in Figure 4 below which indicates a situation where receiver assistance provides benefits in the median, even for the case with 5 active UEs per cell. 
[bookmark: _Hlk47699676][image: ][image: ]
[bookmark: _Ref47724750]Figure 4. For a specific drop, drop-A, User Perceived Throughput for Simulations with different versions of LBT mechanisms with Rx Assistance. Rx-Assistance is shown to have 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 something akin to a sequence detection with some processing gain available for reliable detection. On the other hand, higher level of sensing thresholds is more amenable to raw energy detection and Rx-assistance facilitating energy detection of transmissions done by a receiver.  
1.1.1.3 Directional Sensing and Rx Assistance under highe beamforming gains

The impact of directionality vs. omni sensing increases when the directionality and gain of underlying beams increase.
This is seen in the case of indoor deployment of gNBs with more antennas and directivity than the baseline case.
Figure 5 and Tables in section 8.2 show the performance of directional sensing and Rx assistance when antenna configuration (1,1,8,16,2) is used at the gNBs. Note that although gNB beams are more directional, the interference level created by gNB is capped by the EIRP constraint. 
As expected, the higher directivity of narrower beams and consequent interference rejection increases the system capacity. Thus, the same loading levels – buffer occupancies- are achieved at much higher offered load. LBT schemes based of sensing performed at the transmitter without receiver assistance provide only a small improvement over No-backoff dynamic TDD type system irrespective of ED thresholds. 
On the other hand, in an environment with more directional transmission beams. Rx Assistance appears to provide a useful improvement systemwide in the tail and the median performance as loading levels increase.  Further at higher loads, Rx assistance when used with directional sensing outperforms or matches Rx Assistance with omni sensing, although not by much. For the simulations in Figure 5 and Table 8.2, a matched directional sensing is modeled – i.e. the sensing beam for LBT is the same as that used for data transmission/reception.  At low loads, directional sensing when used with appropriate threshold adjustment, can reduce unnecessary silencing. 
Some of these observations are in contrast to the baseline scenario, where relatively low directionality in the gNB beams may hide distinctive behaviors of directional sensing in comparison to omni-directional sensing. 
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[bookmark: _Ref54434985]Figure 5. Indoor Scenario 2 operator  gNB deployment with higher beamforming gains –(antenna configuration   (1,1,8,16,2)).  Rx Assistance provides useful benefits in median and tail performance as loading increases. Impact of directional sensing is also observed  under this scenario. Note that the system has higher capacity than baseline configuration.



[bookmark: sim]Observation 1: Shared spectrum operation with high directivity systems experiences low interference and good performance on the aggregate. Moreover, the gain of LBT schemes over no LBT schemes is minimal on the aggregate. 
Observation 2: Aggregate performance may not be representative of individual drops due to the highly directional nature of links. In the events where interference becomes an issue, Rx-assistance based LBT schemes outperform Tx-only LBT schemes as well as not doing LBT at all.
Interference characteristics in stuck situations
It is understood that the nature of interference in this band is different from the corresponding Sub 7 GHz scenarios due to analog beamforming.  The interference may be a rare occurrence, but when it appears, it can be damaging, mainly arising from beam collisions between interfering links. 
We highlight these situations by looking at the indoor layout with fewer users per cell, in order to clearly isolate the interference problem from scheduling diversity. In the simulation studies in this section, the 2-operator indoor layout is deployed with 2 users per cell and 50:50 DL and UL FTP3 traffic with file sizes of 8 MB. The other assumptions are the same as used in previous section. We simulated both no-LBT scheme and a receiver assisted LBT scheme.
The aggregated performance of 10 drops is depicted in Figure 6. 
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[bookmark: _Ref53769718]Figure 6. Aggregated performance of deployment with 2 UE/Cell in InH Open office scenario. Solid lines -Median user performance, dotted lines – tail user (5th percentile user)
The aggregated performance computed over 10 drops confirms a graceful degradation in performance as a function of increased offered load. A per-transmission receiver assisted LBT mechanism provides a small improvement in aggregated performance at high load.  
On the other hand, the overall statistics may hide scenarios where interference is severe. This is depicted in perceived throughput performance of particular drops. Figure 7 shows the performance of a vulnerable drop out of the 10 drops simulated.  The performance of median users is affected by interference which is addressed by a receiver assisted LBT scheme.  
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[bookmark: _Ref53769730]Figure 7. Performance of a vulnerable drop with 2 UE/Cell in InH Open office scenario. [Solid lines -Median user, dotted lines – tail (5th percentile) user.
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[bookmark: _Ref53769744]Figure 8. Median and Tail SINR for scheduled transmissions in a vulnerable drop.  
Figure 8 further shows the median and tail SINR distribution.  Due to the semi-stationary interferer beam collision, the degradation in SINR for the no-LBT (Dyn. TDD) scenario can be clearly observed, as reflected as low SINR or outage. For this drop, the interferer may affect median users as well as tail users. 
[bookmark: rx_assist]Observation 3: Under scenarios with low interference diversity, there can be scenarios (depends on locations of transmitters and receivers) persistent interferers present and cause significantly reduced SINR or outage. A receiver assisted LBT mechanism can help those scenarios.
Proposal 1. Consider receiver assisted LBT mechanism for scenarios with low interference variation.
Motivating a Long-Term-Sensing framework
Based on the simulation results above, it can be argued that conventional coexistence mechanisms such as per-TxOP LBT have limited performance benefit. This is largely attributed to the directionality of transmissions and receptions due to analog beamforming and hence minimal interference. On the other hand, it has also been demonstrated that interference, when present, can be damaging. When designing a technology for the future in an unlicensed band, it would still be prudent to have a mechanism to resolve damaging interference when it is present, since it may not always be an operator deployed scenario in unlicensed bands. It is worth noting that the regulatory bodies still require some form of adequate spectrum sharing mechanism to resolve such situations. 
Considerations for Directional Sensing
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.
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 channel sensing can pick up interference from. 
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[bookmark: _Ref53778947]Figure 9. 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.

As indicated in Figure 9, 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. 
It is important to study what is an appropriate relationship between the sensing beam, sensing threshold and the ensuing transmission beams. Stated another way, we need to define the basic principles on 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 10:
· 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 10: 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 10: right)
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[bookmark: _Ref47724496]Figure 10. 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 2:  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 and Considerations for Rx Assistance
[bookmark: _Hlk47524656][image: ]
Figure 11. Sensing a beamformed transmission.
  [image: ] [image: ]
Figure 12. 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 and 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.
Considerations for Long Term Sensing Paradigm
Long term sensing paradigm permits use of multiple sensing opportunities to coordinate interference management over a longer term and adapt channel access accordingly. In its simplest form, long term sensing could have the following components: 
· Sensing part: Periodic channel measurements are provisioned per channel
· This is different from LBT in the sense that it is not per-transmission or per-channel occupancy. The concept is closer to RRM measurements in the sense that it is predictable and periodic. 
· Response part: 
· If no nearby node is detected, no additional restriction on medium access, i.e., the system operates as if there are no restrictions on channel access and subsequent transmissions
· If nearby node is detected, additional restriction on medium access can be imposed, such as constraints on transmission or requirement of an LBT procedure
The following figures show how long-term sensing could help identifying and resolving collisions without incurring the cost of per-COT LBT. The first observation is the provisioning of measurement occasions. The measurement occasions may be for gNBs and UEs alike within a network. Measurement occasions are expected to be periodic and configured every T ms. During this period, if there is a node of another operator in the vicinity and is received with a large signal power above some pre-configured threshold, that indicates a potential interfered or interfering node. 


Figure 13. Long-term Sensing: If no nearby node is detected above threshold

Figure above represents the ‘sunny-day’ scenario where the node in question periodically performs measurements at the measurement occasion and does not detect significant energy during these instances. The node interprets this as the absence of colliding interferer and continues to operate without any restrictions on its channel access. Furthermore, no additional constraints are assumed on its transmit power (other than the regulatory max limit), duty cycle etc.
Figure 14. Long-term Sensing: If nearby node is detected above threshold
Figure above represents the ‘colliding beam’ scenario where the node in question detects a signal during the measurement occasion(s) that exceeds a certain pre-configured energy threshold. As suggested here, this could be configured to be multiple measurement occasions to ensure robustness. The node then interprets this as the presence of a colliding interferer and switches to mode where per-COT listen-before-talk is employed for the next pre-configured amount of time. Alternatively, instead of introducing per-COT LBT, one could consider other constraints in the form of transmit power or duty cycle limitations to ensure the interference impact is kept to a minimum. 
Further discussion could be pursued on how to extend this type of a framework to a multiple beam scenario. For example, the sensing occasions could be beam specific, which allows for directional sensing, i.e., a node only needs to sense on the beam direction(s) on which it plans to transmit in the next T ms. Moreover, the extension can largely borrow from the well-understood principles of RRM measurements in NR. 
In addition, long-term sensing provides the potential benefits of receiver assistance as well, allowing the interfered receiver opportunities to indicate to the interfering transmitter via measurement occasions. In particular, the measurement occasions provide gaps for a transmitter to sense the medium during which other receivers of uncoordinated deployments could transmit an indication of some kind to activate LBT on the transmitting node. 
Long-term sensing could, in summary:
· Provide a low-cost, predictable way of resolving beam-colliding nodes 
· In the event of minimal beam collisions, fallback to licensed-like operation without LBT overhead and complexity
· Provide the framework for beam-based sensing and receiver assistance.
[bookmark: long_term]Proposal 3: Consider measurements intervals for long term sensing as designated transmission opportunities for detection of potentially interfered nodes and enabling collision resolution selectively. The collision resolution techniques can be per-COT LBT, TX power limitation, and/or duty cycle limitation.

Conclusions
The proposals and observations made in this contribution are summarized below.
Observation 1: Shared spectrum operation with high directivity systems experiences low interference and good performance on the aggregate. Moreover, the gain of LBT schemes over no LBT schemes is minimal on the aggregate. 
Observation 2: Aggregate performance may not be representative of individual drops due to the highly directional nature of links. In the events where interference becomes an issue, Rx-assistance based LBT schemes outperform Tx-only LBT schemes as well as not doing LBT at all.

Observation 3: Under scenarios with low interference diversity, there can be scenarios (depends on locations of transmitters and receivers) persistent interferers present and cause significantly reduced SINR or outage. A receiver assisted LBT mechanism can help those scenarios.
Proposal 1. Consider receiver assisted LBT mechanism for scenarios with low interference variation.
Proposal 2:  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. 

Proposal 3: Consider measurements intervals for long term sensing as designated transmission opportunities for detection of potentially interfered nodes and enabling collision resolution selectively. The collision resolution techniques can be per-COT LBT, TX power limitation, and/or duty cycle limitation.
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Deployment metrics 
Downlink RSRP Distribution for Indoor Deployment 
Figure 15 shows the distribution of serving cell downlink RSRP for indoor scenarios. The scenarios depicted include
(1) Baseline assumptions on antenna configuration – 32 gNB antenna elements per polarization
(2) A case with larger number of antenna elements (128 per polarization) and higher beamforming gain
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[bookmark: _Ref53776885]Figure 15. Downlink serving Cell RSRP Distributions for Indoor scenarios

Reporting Metrics for LBT Mechanisms
The following table summarises the layout assumptions of the tables in the following subsections.

	Case No.
	Antenna
Configuration @gNB
	LBT Scheme
	Sensing Threshold and Directionality

	1
	(1,1,4,8,2)
	No Backoff, ~Dynamic TDD
	-47 dBm

	2
	(1,1,4,8,2)
	Tx Sensing
	-67 dBm, Omni

	3
	(1,1,4,8,2)
	Rx Assistance
	-67  dBm, Omni 

	4
	(1,1,4,8,2)
	Rx Assistance
	-72  dBm, Omni 

	5
	(1,1,4,8,2)
	Tx Sensing
	-67 dBm, Directional

	6
	(1,1,4,8,2)
	Tx Sensing
	-72 dBm, Directional

	7
	(1,1,4,8,2)
	Rx Assistance
	-67 dBm, Directional

	8
	(1,1,4,8,2)
	Rx Assistance
	-72 dBm, Directional

	
	
	
	

	9
	(1,1,8,16,2)
	No Backoff, ~Dynamic TDD
	-47 dBm

	10
	(1,1,8,16,2)
	Tx Sensing
	-67 dBm, Omni

	11
	(1,1,8,16,2)
	Tx Sensing
	-67 dBm, Directional

	12
	(1,1,8,16,2)
	Tx Sensing
	-72 dBm, Directional

	13
	(1,1,8,16,2)
	Rx Assistance
	-67  dBm, Omni 

	14
	(1,1,8,16,2)
	Rx Assistance
	-72  dBm, Omni 

	15
	(1,1,8,16,2)
	Rx Assistance
	-67 dBm, Directional

	16
	(1,1,8,16,2)
	Rx Assistance
	-72 dBm, Directional



Indoor Office Scenario for (Mg,Ng,M,N,P) = (1,1,4,8,2)

	Tdoc /
Source
	Cases
	Case 1:  -47dBM@gNB, Dynamic TDD 
(Mg,Ng,M,N,P) = (1,1,4,8,2) with (0.5 dv, 0.5 dH), 2Mbytes, 2 Operators, 

	Case 2:  -67dBM@gNB,  
(Mg,Ng,M,N,P) = (1,1,4,8,2) with (0.5 dv, 0.5 dH), 2Mbytes, 2 Operators
Omni Listening


	R1-xxxxxxx / 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

	
	DL UPT (Mbps)
	5%ile
	6381
	3753
	758
	6176
	3738
	781

	
	
	50%ile
	11297
	8593
	4511
	11335
	8607
	4841

	
	
	95%ile
	13685
	12550
	10440
	13661
	12503
	10659

	
	
	mean
	10738
	8387
	4992
	10734
	8420
	5170

	
	DL delay (ms)
	5%ile
	1.22
	1.428
	1.919
	1.226
	1.422
	1.87

	
	
	50%ile
	1.712
	2.525
	5.854
	1.712
	2.48
	5.472

	
	
	95%ile
	3.406
	6.704
	83.257
	3.362
	6.698
	47.683

	
	
	mean
	1.942
	3.172
	24.875
	1.944
	3.111
	20.491

	
	UL UPT (Mbps)
	5%ile
	4997
	3438
	935
	4921
	3506
	972

	
	
	50%ile
	8755
	6996
	4086
	8731
	7023
	4281

	
	
	95%ile
	10395
	9591
	8161
	10372
	9575
	8316

	
	
	mean
	8407
	6826
	4300
	8397
	6841
	4450

	
	UL delay (ms)
	5%ile
	1.597
	1.791
	2.357
	1.604
	1.806
	2.287

	
	
	50%ile
	2.091
	2.921
	6.543
	2.099
	2.881
	6.041

	
	
	95%ile
	3.822
	6.702
	37.443
	3.872
	6.7
	36.987

	
	
	mean
	2.292
	3.418
	12.621
	2.299
	3.394
	11.065

	
	Arrival rate (files/s)
	10
	15
	20
	10
	15
	20
	

	
	𝜌DL
	0.999
	0.999
	0.984
	0.999
	0.999
	0.985
	

	
	𝜌UL
	0.999
	0.999
	0.994
	0.999
	0.999
	0.995
	

	
	BO
	0.18
	0.33
	0.508
	0.18
	0.326
	0.502
	

	
	Additional report/notes: Case 1 and Case 2:
1. LBT procedure and parameters: Baseline LBT Procedure at gNB: 8us+(1-3)*5us, at the gNB. Only gNBs perform extended CCA.
2. All Results with 2 operator Indoor scenario.  Main assumptions provided in Column header and Table 1. Omni Directional LBT with specified thresholds. 
3. No COT sharing from UL to DL.
4. Common: DL-UL Traffic:50:50, FTP Model 3, 2MB file.{SCS,BW=960Khz,2GHz},{[k1,k2,k3]=[12,0,32] NR slots}, COT  duration 0.25ms, Multi-user scheduling -1 user per COT with beam persistence.







	Tdoc /
Source
	Cases
	Case 3:  -67dBM@gNB, Rx Assist 
(Mg,Ng,M,N,P) = (1,1,4,8,2) with (0.5 dv, 0.5 dH), 2Mbytes, 2 Operators, Omni Listening 

	Case 4:  -72dBM@gNB, Rx Assist 
(Mg,Ng,M,N,P) = (1,1,4,8,2) with (0.5 dv, 0.5 dH), 2Mbytes, 2 Operators
Omni Listening

	R1-xxxxxxx / 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

	
	DL UPT (Mbps)
	5%ile
	6275
	3713
	851
	6368
	3855
	1146

	
	
	50%ile
	11237
	8686
	5063
	11235
	8751
	5497

	
	
	95%ile
	13473
	12340
	10634
	13480
	12444
	10730

	
	
	mean
	10631
	8364
	5340
	10670
	8492
	5719

	
	DL delay (ms)
	5%ile
	1.239
	1.442
	1.844
	1.231
	1.425
	1.799

	
	
	50%ile
	1.719
	2.464
	5.203
	1.69
	2.429
	4.489

	
	
	95%ile
	3.355
	6.728
	43.559
	3.326
	6.33
	26.962

	
	
	mean
	1.948
	3.153
	19.907
	1.931
	3.054
	12.928

	
	UL UPT (Mbps)
	5%ile
	5023
	3443
	1132
	5066
	3521
	1343

	
	
	50%ile
	8740
	7035
	4438
	8724
	7142
	4726

	
	
	95%ile
	10362
	9580
	8331
	10328
	9614
	8390

	
	
	mean
	8408
	6850
	4593
	8405
	6881
	4796

	
	UL delay (ms)
	5%ile
	1.603
	1.8
	2.272
	1.609
	1.8
	2.245

	
	
	50%ile
	2.084
	2.862
	5.932
	2.093
	2.838
	5.189

	
	
	95%ile
	3.861
	6.806
	30.388
	3.773
	6.608
	21.325

	
	
	mean
	2.29
	3.368
	9.494
	2.292
	3.316
	7.919

	
	Arrival rate (files/s)
	10
	15
	20
	10
	15
	20

	
	𝜌DL
	0.999
	0.999
	0.987
	0.999
	0.999
	0.993

	
	𝜌UL
	0.999
	0.999
	0.996
	0.999
	0.999
	0.997

	
	BO
	0.18
	0.331
	0.5
	0.179
	0.325
	0.504

	
	Additional report/notes: Case 3 and Case 4:
1. LBT procedure and parameters: ECCA based Contention at gNB: 8us+(1-3)*5us, at the gNB. 
2. Rx-Assistance: Silencing signals sent by gNB and UE after winning the medium.   Only gNBs perform extended CCA.
3. All results are for 2 operator Indoor office scenarios. Main Setup described in the column header and Table 1. 
4. Only gNBs perform extended CCA. No COT sharing from UL to DL.
5. Common: DL-UL Traffic:50:50, FTP Model 3, 2MB file.{SCS,BW=960Khz,2GHz},{[k1,k2,k3]=[12,0,32] NR slots}, COT  duration 0.25ms, Multi-user scheduling 1 user.COT with beam persistence













	Tdoc /
Source
	Cases
	Case 5:  -67dBM@gNB, Tx Sensing 
(Mg,Ng,M,N,P) = (1,1,4,8,2) with (0.5 dv, 0.5 dH), 2Mbytes, 2 Operators, Directional Sensing 

	Case 6:  -72dBM@gNB, Tx Sensing 
(Mg,Ng,M,N,P) = (1,1,4,8,2) with (0.5 dv, 0.5 dH), 2Mbytes, 2 Operators
Directional Sensing

	R1-xxxxxxx / 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

	
	DL UPT (Mbps)
	5%ile
	6133
	3698
	791
	6212
	3710
	874

	
	
	50%ile
	11328
	8385
	4730
	11344
	8503
	4888

	
	
	95%ile
	13610
	12535
	10512
	13632
	12465
	10476

	
	
	mean
	10725
	8301
	5038
	10722
	8347
	5143

	
	DL delay (ms)
	5%ile
	1.23
	1.436
	1.944
	1.237
	1.445
	1.889

	
	
	50%ile
	1.715
	2.547
	5.659
	1.718
	2.595
	5.524

	
	
	95%ile
	3.452
	6.646
	81.718
	3.393
	6.992
	52.664

	
	
	mean
	1.949
	3.21
	22.175
	1.946
	3.205
	21.199

	
	UL UPT (Mbps)
	5%ile
	4999
	3466
	1001
	5030
	3454
	996

	
	
	50%ile
	8726
	6979
	4169
	8779
	6989
	4296

	
	
	95%ile
	10363
	9573
	8298
	10373
	9575
	8255

	
	
	mean
	8397
	6809
	4357
	8409
	6798
	4411

	
	UL delay (ms)
	5%ile
	1.606
	1.812
	2.292
	1.602
	1.806
	2.312

	
	
	50%ile
	2.082
	2.912
	6.481
	2.071
	2.89
	6.168

	
	
	95%ile
	3.881
	6.662
	36.804
	3.858
	6.578
	33.331

	
	
	mean
	2.301
	3.412
	11.291
	2.287
	3.407
	10.714

	
	Arrival rate (files/s)
	10
	15
	20
	10
	15
	20

	
	𝜌DL
	0.999
	0.999
	0.986
	0.999
	0.999
	0.986

	
	𝜌UL
	0.999
	0.999
	0.995
	0.999
	0.999
	0.995

	
	BO
	0.18
	0.334
	0.518
	0.18
	0.333
	0.496

	
	Additional report/notes: Case 5 and Case 6:
1. LBT procedure and parameters: Baseline LBT Procedure at gNB: 8us+(1-3)*5us, at the gNB. Only gNBs perform extended CCA
2. All Results with 2 operator Indoor scenario.  Main assumptions provided in Column header and Table 1. Directional LBT – Energy Detection in the direction of UE to serve, with  same beam as the transmission beam.
3. Only gNBs perform extended CCA. No COT sharing from UL to DL.
4. Common: DL-UL Traffic:50:50, FTP Model 3, 2MB file.{SCS,BW=960Khz,2GHz},{[k1,k2,k3]=[12,0,32] NR slots}, COT  duration 0.25ms, Multi-user scheduling -1 user per COT with beam persistence.













	Tdoc /
Source
	Cases
	Case 7:  -67dBM@gNB, Rx Assistance 
(Mg,Ng,M,N,P) = (1,1,4,8,2) with (0.5 dv, 0.5 dH), 2Mbytes, 2 Operators, Directional Sensing 

	Case 8:  -72dBM@gNB, , Rx Assistance
(Mg,Ng,M,N,P) = (1,1,4,8,2) with (0.5 dv, 0.5 dH), 2Mbytes, 2 Operators
Directional Sensing

	R1-xxxxxxx / 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

	
	DL UPT (Mbps)
	5%ile
	6136
	3692
	874
	6139
	3809
	1148

	
	
	50%ile
	11231
	8642
	4954
	11270
	8782
	5675

	
	
	95%ile
	13448
	12371
	10582
	13498
	12450
	10806

	
	
	mean
	10605
	8346
	5312
	10687
	8510
	5783

	
	DL delay (ms)
	5%ile
	1.24
	1.43
	1.859
	1.238
	1.448
	1.819

	
	
	50%ile
	1.729
	2.478
	5.159
	1.692
	2.434
	4.455

	
	
	95%ile
	3.463
	6.799
	52.919
	3.466
	6.218
	29.454

	
	
	mean
	1.957
	3.174
	18.912
	1.93
	3.016
	13.05

	
	UL UPT (Mbps)
	5%ile
	4990
	3485
	1206
	5088
	3556
	1335

	
	
	50%ile
	8758
	7055
	4383
	8765
	7116
	4783

	
	
	95%ile
	10351
	9612
	8236
	10350
	9620
	8455

	
	
	mean
	8405
	6836
	4566
	8399
	6916
	4860

	
	UL delay (ms)
	5%ile
	1.602
	1.792
	2.338
	1.608
	1.799
	2.223

	
	
	50%ile
	2.079
	2.867
	5.735
	2.08
	2.802
	4.957

	
	
	95%ile
	3.906
	6.877
	30.671
	3.766
	6.4
	23.645

	
	
	mean
	2.295
	3.384
	9.428
	2.299
	3.261
	8.354

	
	Arrival rate (files/s)
	10
	15
	20
	10
	15
	20

	
	𝜌DL
	0.999
	0.999
	0.988
	0.999
	0.999
	0.994

	
	𝜌UL
	0.999
	0.999
	0.996
	0.999
	0.999
	0.997

	
	BO
	0.18
	0.329
	0.495
	0.179
	0.326
	0.497

	
	Additional report/notes: Case 7 and Case 8:
1. LBT procedure and parameters: ECCA based Contention at gNB: 8us+(1-3)*5us, at the gNB. 
2. Rx-Assistance: Silencing signals sent by gNB and UE after winning the medium.   Only gNBs perform extended CCA.
3. Directional LBT – Sensing done at gNB in the direction of the intended UE, with same beam as the transmission beam. All results are for 2 operator Indoor office scenarios. Main Setup described in the column header and Table 1. 
4. Only gNBs perform extended CCA. No COT sharing from UL to DL.
5. Common: DL-UL Traffic:50:50, FTP Model 3, 2MB file.{SCS,BW=960Khz,2GHz},{[k1,k2,k3]=[12,0,32] NR slots}, COT  duration 0.25ms, Multi-user scheduling -1 user per COT with beam persistence.









Indoor Office Scenario for (Mg,Ng,M,N,P) = (1,1,8,16,2)
The transmit power at gNB is adjusted to maintain Max EIRP of 40 dBm. 

	

	Cases
	Case 9:  -47dBM@gNB, Tx Sensing
(Mg,Ng,M,N,P) = (1,1,8,16,2) with (0.5 dv, 0.5 dH), 2Mbytes, 2 Operators, Omni Sensing 

	Case10:  -67dBM@gNB, , Tx Sensing
(Mg,Ng,M,N,P) = (1,1,8,16,2) with (0.5 dv, 0.5 dH), 2Mbytes, 2 Operators
Omni Sensing

	R1-xxxxxxx / 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

	
	DL UPT (Mbps)
	5%ile
	6576
	4888
	1848
	6635
	4929
	1997

	
	
	50%ile
	11495
	10028
	5942
	11428
	10011
	6094

	
	
	95%ile
	13400
	12560
	10568
	13382
	12576
	10522

	
	
	mean
	10892
	9474
	6139
	10860
	9467
	6178

	
	DL delay (ms)
	5%ile
	1.258
	1.394
	1.875
	1.261
	1.394
	1.853

	
	
	50%ile
	1.627
	2.006
	3.9
	1.635
	2.022
	3.859

	
	
	95%ile
	3.1
	4.438
	15.855
	3.229
	4.351
	14.397

	
	
	mean
	1.853
	2.352
	6.46
	1.857
	2.353
	6.204

	
	UL UPT (Mbps)
	5%ile
	7106
	5859
	2909
	7040
	5796
	2915

	
	
	50%ile
	9406
	8610
	6309
	9416
	8613
	6369

	
	
	95%ile
	10297
	9812
	8582
	10281
	9838
	8533

	
	
	mean
	9126
	8344
	6125
	9124
	8340
	6151

	
	UL delay (ms)
	5%ile
	1.615
	1.734
	2.129
	1.613
	1.725
	2.149

	
	
	50%ile
	1.86
	2.141
	3.439
	1.861
	2.141
	3.443

	
	
	95%ile
	2.733
	3.569
	10.374
	2.739
	3.556
	9.89

	
	
	mean
	1.985
	2.32
	4.523
	1.984
	2.32
	4.389

	
	Arrival rate (files/s)
	15
	20
	30
	15
	20
	30

	
	𝜌DL
	0.999
	1
	0.997
	0.999
	1
	0.998

	
	𝜌UL
	0.999
	0.999
	0.999
	0.999
	0.999
	0.999

	
	BO
	0.232
	0.338
	0.56
	0.231
	0.338
	0.569

	
	Additional report/notes: Case 9 and Case 10:
1. LBT procedure and parameters: Baseline LBT Procedure at gNB: 8us+(1-3)*5us, at the gNB. Only gNBs perform extended CCA.
2. All Results with 2 operator Indoor scenario.  Main assumptions provided in Column header and Table 1. Omni Directional LBT with specified thresholds. 
3. No COT sharing from UL to DL.
4. Common: DL-UL Traffic:50:50, FTP Model 3, 2MB file.{SCS,BW=960Khz,2GHz},{[k1,k2,k3]=[12,0,32] NR slots}, COT  duration 0.25ms, Multi-user scheduling -1 user per COT with beam persistence.






	

	Cases
	Case 11  -67dBM@gNB, Tx Sensing
(Mg,Ng,M,N,P) = (1,1,8,16,2) with (0.5 dv, 0.5 dH), 2Mbytes, 2 Operators, Directional  Sensing 

	Case12:  -72dBM@gNB,  Tx Sensing
(Mg,Ng,M,N,P) = (1,1,8,16,2) with (0.5 dv, 0.5 dH), 2Mbytes, 2 Operators
Directional   Sensing

	R1-xxxxxxx / 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

	
	DL UPT (Mbps)
	5%ile
	6369
	4880
	1971
	6644
	4834
	2003

	
	
	50%ile
	11443
	10011
	6033
	11446
	9933
	6041

	
	
	95%ile
	13377
	12579
	10475
	13341
	12519
	10518

	
	
	mean
	10853
	9468
	6156
	10841
	9414
	6152

	
	DL delay (ms)
	5%ile
	1.264
	1.392
	1.843
	1.27
	1.397
	1.903

	
	
	50%ile
	1.632
	2.014
	3.932
	1.64
	2.041
	3.897

	
	
	95%ile
	3.179
	4.328
	14.559
	3.164
	4.359
	14.482

	
	
	mean
	1.859
	2.348
	6.579
	1.864
	2.372
	6.193

	
	UL UPT (Mbps)
	5%ile
	7070
	5837
	2947
	7146
	5716
	2900

	
	
	50%ile
	9422
	8604
	6272
	9409
	8582
	6296

	
	
	95%ile
	10286
	9818
	8570
	10280
	9815
	8573

	
	
	mean
	9126
	8337
	6133
	9122
	8321
	6152

	
	UL delay (ms)
	5%ile
	1.615
	1.73
	2.157
	1.618
	1.73
	2.162

	
	
	50%ile
	1.859
	2.144
	3.493
	1.861
	2.137
	3.491

	
	
	95%ile
	2.81
	3.495
	9.853
	2.764
	3.72
	9.7

	
	
	mean
	1.984
	2.326
	4.435
	1.984
	2.332
	4.332

	
	Arrival rate (files/s)
	15
	20
	30
	15
	20
	30

	
	𝜌DL
	0.999
	1
	0.997
	0.999
	1
	0.997

	
	𝜌UL
	0.999
	0.999
	0.999
	0.999
	0.999
	0.999

	
	BO
	0.232
	0.337
	0.565
	0.231
	0.338
	0.554

	
	
Additional report/notes: Case 11 and Case 12:
1. LBT procedure and parameters: Baseline LBT Procedure at gNB: 8us+(1-3)*5us, at the gNB. Only gNBs perform extended CCA
2. All Results with 2 operator Indoor scenario.  Main assumptions provided in Column header and Table 1. Directional LBT – Energy Detection in the direction of UE to serve, with  same beam as the transmission beam.
3. Only gNBs perform extended CCA. No COT sharing from UL to DL.
4. Common: DL-UL Traffic:50:50, FTP Model 3, 2MB file.{SCS,BW=960Khz,2GHz},{[k1,k2,k3]=[12,0,32] NR slots}, COT  duration 0.25ms, Multi-user scheduling -1 user per COT with beam persistence.














	

	Cases
	Case 13:  -67dBM@gNB, Rx Assistance 
(Mg,Ng,M,N,P) = (1,1,8,16,2) with (0.5 dv, 0.5 dH), 2Mbytes, 2 Operators, Omni Sensing 

	Case14:  -72dBM@gNB, Rx Assistance
(Mg,Ng,M,N,P) = (1,1,8,16,2) with (0.5 dv, 0.5 dH), 2Mbytes, 2 Operators
Omni Sensing

	R1-xxxxxxx / 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

	
	DL UPT (Mbps)
	5%ile
	6526
	4771
	2133
	6523
	5001
	2347

	
	
	50%ile
	11384
	9959
	6366
	11381
	10040
	6746

	
	
	95%ile
	13214
	12429
	10545
	13169
	12359
	10641

	
	
	mean
	10755
	9429
	6362
	10764
	9491
	6675

	
	DL delay (ms)
	5%ile
	1.272
	1.409
	1.833
	1.286
	1.416
	1.799

	
	
	50%ile
	1.628
	2.002
	3.63
	1.623
	1.966
	3.312

	
	
	95%ile
	3.208
	4.331
	12.167
	3.153
	4.227
	11.129

	
	
	mean
	1.866
	2.33
	5.678
	1.856
	2.302
	5.038

	
	UL UPT (Mbps)
	5%ile
	7036
	5738
	2997
	7092
	5748
	3242

	
	
	50%ile
	9414
	8592
	6479
	9396
	8616
	6591

	
	
	95%ile
	10283
	9853
	8648
	10265
	9813
	8634

	
	
	mean
	9132
	8358
	6283
	9121
	8344
	6408

	
	UL delay (ms)
	5%ile
	1.615
	1.724
	2.105
	1.618
	1.733
	2.107

	
	
	50%ile
	1.853
	2.141
	3.262
	1.865
	2.12
	3.184

	
	
	95%ile
	2.76
	3.572
	9.22
	2.735
	3.507
	7.599

	
	
	mean
	1.98
	2.306
	4.126
	1.979
	2.309
	3.851

	
	Arrival rate (files/s)
	15
	20
	30
	15
	20
	30

	
	𝜌DL
	0.999
	1
	0.998
	0.999
	1
	0.998

	
	𝜌UL
	0.999
	0.999
	0.999
	0.999
	0.999
	0.999

	
	BO
	0.231
	0.338
	0.564
	0.232
	0.334
	0.553

	
	Additional report/notes: Case 13 and Case 14:
1. LBT procedure and parameters: ECCA based Contention at gNB: 8us+(1-3)*5us, at the gNB. 
2. Rx-Assistance: Silencing signals sent by gNB and UE after winning the medium.   Only gNBs perform extended CCA.
3. All results are for 2 operator Indoor office scenarios. Main Setup described in the column header and Table 1. 
4. Only gNBs perform extended CCA. No COT sharing from UL to DL.
5. Common: DL-UL Traffic:50:50, FTP Model 3, 2MB file.{SCS,BW=960Khz,2GHz},{[k1,k2,k3]=[12,0,32] NR slots}, COT  duration 0.25ms, Multi-user scheduling -1 user per COT with beam persistence.









	

	Cases
	Case 15:  -67dBM@gNB, Rx Assistance 
(Mg,Ng,M,N,P) = (1,1,8,16,2) with (0.5 dv, 0.5 dH), 2Mbytes, 2 Operators, Directional Sensing 

	Case 16:  -72dBM@gNB,  Rx Assistance
(Mg,Ng,M,N,P) = (1,1,8,16,2) with (0.5 dv, 0.5 dH), 2Mbytes, 2 Operators
Directional Sensing

	R1-xxxxxxx / 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

	
	DL UPT (Mbps)
	5%ile
	6443
	4782
	2134
	6752
	5076
	2408

	
	
	50%ile
	11399
	10083
	6367
	11400
	10152
	6836

	
	
	95%ile
	13200
	12406
	10584
	13162
	12364
	10668

	
	
	mean
	10759
	9443
	6378
	10807
	9514
	6704

	
	DL delay (ms)
	5%ile
	1.276
	1.394
	1.829
	1.284
	1.412
	1.8

	
	
	50%ile
	1.62
	1.991
	3.594
	1.618
	1.945
	3.275

	
	
	95%ile
	3.179
	4.415
	12.388
	3.093
	4.215
	10.824

	
	
	mean
	1.861
	2.328
	5.809
	1.844
	2.29
	4.734

	
	UL UPT (Mbps)
	5%ile
	7010
	5810
	3013
	7098
	5882
	3220

	
	
	50%ile
	9411
	8625
	6454
	9419
	8644
	6648

	
	
	95%ile
	10290
	9838
	8654
	10260
	9838
	8644

	
	
	mean
	9134
	8363
	6282
	9122
	8370
	6444

	
	UL delay (ms)
	5%ile
	1.613
	1.733
	2.112
	1.615
	1.729
	2.095

	
	
	50%ile
	1.86
	2.132
	3.286
	1.857
	2.119
	3.143

	
	
	95%ile
	2.739
	3.577
	9.195
	2.704
	3.499
	7.806

	
	
	mean
	1.975
	2.302
	4.15
	1.976
	2.293
	3.819

	
	Arrival rate (files/s)
	15
	20
	30
	15
	20
	30

	
	𝜌DL
	0.999
	1
	0.998
	0.999
	1
	0.999

	
	𝜌UL
	0.999
	0.999
	0.999
	0.999
	0.999
	0.999

	
	BO
	0.23
	0.336
	0.571
	0.228
	0.335
	0.551

	
	Additional report/notes: Case 15 and Case 16:
1. LBT procedure and parameters: ECCA based Contention at gNB: 8us+(1-3)*5us, at the gNB. 
2. Rx-Assistance: Silencing signals sent by gNB and UE after winning the medium.   Only gNBs perform extended CCA.
3. Directional LBT – Sensing done at gNB in the direction of the intended UE, with same beam as the transmission beam. All results are for 2 operator Indoor office scenarios. Main Setup described in the column header and Table 1. 
4. Only gNBs perform extended CCA. No COT sharing from UL to DL.
5. Common: DL-UL Traffic:50:50, FTP Model 3, 2MB file.{SCS,BW=960Khz,2GHz},{[k1,k2,k3]=[12,0,32] NR slots}, COT  duration 0.25ms,  Multi-user scheduling -1 user per COT with beam persistence.
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