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1. Introduction
In RAN#86 meeting, the study item of beyond 52.6GHz was approved [1]. The objectives of the study item are shown as below:
· Study of required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz
· [bookmark: _GoBack]Study of applicable numerology including subcarrier spacing, channel BW (including maximum BW), and their impact to FR2 physical layer design to support system functionality considering practical RF impairments [RAN1, RAN4].
· Identify potential critical problems to physical signal/channels, if any [RAN1].
· Study of channel access mechanism, considering potential interference to/from other nodes, assuming beam-based operation, in order to comply with the regulatory requirements applicable to unlicensed spectrum for frequencies between 52.6 GHz and 71 GHz [RAN1].
· Note: It is clarified that potential interference impact, if identified, may require interference mitigation solutions as part of channel access mechanism.  
In RAN1#102e meeting [2], it has been agreed that both channel access with LBT mechanism(s) and a channel access mechanism without LBT are supported. Therefore, the selection of different channel access mechanisms needs further discussion.
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)
In this contribution, we present system level evaluation results for co-channel coexistence in the 60 GHz band according to the evaluation assumptions agreed in RAN1 102-e [2] and RAN1 101-e [3]. Besides, the channel access scheme related issues are discussed as well. 
2. [bookmark: _Ref498564494][bookmark: _Ref521492551][bookmark: PP12]Discussion
System level evaluation results
The RSRP distribution calibration
According to the agreement in RAN1 102-e [2], it is encouraged to provide RSRP distribution for deployment calibration. The RSRP distribution for indoor scenario A (primary scenario) is depicted by Figure 1, including serving BS to UE links, BS-to-BS links, UE-to-UE links. In indoor scenario A, 5 users are deployed per BS and thus there are total 120 UEs randomly dropping in 120m * 50m box. Each UE is associated to one operator first and then connected to the gNB with the best RSRP (no less than -71 dBm) belonging to that operator. In the results below, the RSRP calculated by the total power of the transmitted bandwidth. 
[image: ][image: ][image: ]
[bookmark: _Ref53753413]Figure 1: CDF of RSRP for indoor scenario A
No LBT
In this section, we provide some coexistence evaluation results for no LBT when accessing the channel. Three traffic load points were simulated with low (0.6 packets/s/user), medium (1.0 packets/s/user), and high (1.8packets/s/user) for indoor scenario A. The detailed simulation assumptions are provided in Table 8 of Appendix. Table 1 shows evaluation results for the indoor scenario without LBT scheme.
[bookmark: _Ref40367833][bookmark: _Hlk47693875]Table 1 The performance of no LBT 
	Traffic load
Metrics              
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO

	DL UPT (Mbps)
	5%ile
	2855.02 
	1781.36 
	314.07 

	
	50%ile
	9403.74 
	7295.97 
	3215.40 

	
	95%ile
	15368.94 
	13972.57 
	10753.71 

	
	mean
	9533.10 
	7691.84 
	4148.07 

	DL delay (s)
	5%ile
	0.01 
	0.01 
	0.01 

	
	50%ile
	0.02 
	0.03 
	0.08 

	
	95%ile
	0.12 
	0.22 
	0.76 

	
	mean
	0.04 
	0.06 
	0.19 

	UL UPT (Mbps)
	5%ile
	1154.55 
	743.61 
	174.68 

	
	50%ile
	5533.82 
	4394.30 
	2467.35 

	
	95%ile
	14673.77 
	12899.08 
	9980.28 

	
	mean
	6629.05 
	5401.71 
	3392.04 

	UL delay (s)
	5%ile
	0.01 
	0.01 
	0.02 

	
	50%ile
	0.01 
	0.02 
	0.02 

	
	95%ile
	0.17 
	0.26 
	0.69 

	
	mean
	0.06 
	0.08 
	0.18 

	Arrival rate (files/s)
	0.60 
	1.00 
	1.80 

	𝜌DL
	1.00 
	0.99 
	0.94 

	𝜌UL
	0.93 
	0.89 
	0.84 

	BO
	0.22 
	0.40 
	0.73 


ED-based LBT
Omni-directional LBT
A straight forward channel access scheme for NR beyond 52.6 GHz is to inherit a similar LBT mechanism as that in unlicensed 5GHz, i.e. a transmission node listens to the channel using an omni-directional antenna and then performs transmission to the reception node(s). In this case, as long as LBT succeeds, the transmission node could transmit data to its reception node(s) in any direction. As agreed in RAN1 102-e [2], the LBT procedure is based on the draft v2.1.20 of EN 302 567, generating a random back off counter that is decreasing upon CCA succeeds and channel is considered as available when the counter becomes 0. The difference lies in that only one category is defined for 60GHz band here instead of 4 categories in 5GHz. The detailed LBT parameters from our side are given in the table below based on [5].  
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:
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.
[bookmark: _Ref47705362]Table 2  LBT related parameters
	Parameter
	Value

	ED threshold
	-47dBm

	CCA slot length ( in [4])
	5us

	Maximum Channel Occupancy Time
	2ms

	Contention Window Size
	[0,3]

	 in [4]
	1

	 in [4]
	8us


With simulation settings in Table 8 of Appendix and LBT settings in Table 2, the evaluation result for omni-directional LBT case in the indoor scenario is provided in Table 3:
[bookmark: _Ref47693870]Table 3  The performance of omni-directional LBT 
	Traffic load
Metrics              
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO

	DL UPT (Mbps)
	5%ile
	2852.51 
	1915.01 
	489.35 

	
	50%ile
	9261.99 
	7443.08 
	3722.77 

	
	95%ile
	15796.49 
	13935.58 
	10900.44 

	
	mean
	9539.51 
	7744.95 
	4485.14 

	DL delay (s)
	5%ile
	0.01 
	0.01 
	0.01 

	
	50%ile
	0.02 
	0.03 
	0.08 

	
	95%ile
	0.13 
	0.21 
	0.67 

	
	mean
	0.04 
	0.06 
	0.18 

	UL UPT (Mbps)
	5%ile
	953.56 
	683.63 
	219.10 

	
	50%ile
	5297.09 
	4041.75 
	2142.84 

	
	95%ile
	14754.13 
	12027.72 
	9256.56 

	
	mean
	6308.31 
	5007.02 
	3123.04 

	UL delay (s)
	5%ile
	0.01 
	0.01 
	0.02 

	
	50%ile
	0.01 
	0.02 
	0.03 

	
	95%ile
	0.32 
	0.36 
	0.66 

	
	mean
	0.08 
	0.11 
	0.19 

	Arrival rate (files/s)
	0.60 
	1.00 
	1.80 

	𝜌DL
	1.00 
	1.00 
	0.96 

	𝜌UL
	0.93 
	0.89 
	0.83 

	BO
	0.27 
	0.45 
	0.75 


[bookmark: OLE_LINK1]Directional LBT
Regarding LBT parameters, the directional LBT should be mostly the same as that for omni-directional LBT. However, the way of calculating CCA energy should be decided. There are two alternatives to do this:
· Alt. 1: CCA energy=Energy from one specific beamforming direction;
· Alt. 2: CCA energy=Energy from one specific beamforming direction – beamforming gain in the direction.
In our view, Alt. 1 could provide reasonable protection range for the coexistence since the transmission is also with beamforming gain. Then the CCA energy will be compared to ED threshold to determine whether the channel is available or not.
[bookmark: _Ref40281201][bookmark: _Ref53779267]Proposal 1: If directional LBT is used in 60 GHz band, the CCA energy should be calculated as one specific beamforming direction including beamforming gain.
With simulation settings in Table 8 of Appendix and LBT settings in Table 2, the evaluation result for directional LBT case is provided in Table 4:
[bookmark: _Ref47708232][bookmark: _Ref40381841]Table 4 Directional LBT performance 
	Traffic load
Metrics              
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO

	DL UPT (Mbps)
	5%ile
	2283.13 
	1606.05 
	414.88 

	
	50%ile
	8917.87 
	6844.76 
	3601.45 

	
	95%ile
	15813.50 
	13931.07 
	10892.34 

	
	mean
	9372.87 
	7444.27 
	4442.28 

	DL delay (s)
	5%ile
	0.01 
	0.01 
	0.01 

	
	50%ile
	0.02 
	0.03 
	0.07 

	
	95%ile
	0.13 
	0.22 
	0.62 

	
	mean
	0.04 
	0.06 
	0.17 

	UL UPT (Mbps)
	5%ile
	986.52 
	583.05 
	181.54 

	
	50%ile
	4985.30 
	3782.74 
	2062.24 

	
	95%ile
	14280.57 
	12204.77 
	9029.75 

	
	mean
	6070.00 
	4927.91 
	3022.04 

	UL delay (s)
	5%ile
	0.01 
	0.01 
	0.02 

	
	50%ile
	0.01 
	0.02 
	0.03 

	
	95%ile
	0.33 
	0.37 
	0.66 

	
	mean
	0.09 
	0.10 
	0.19 

	Arrival rate (files/s)
	0.60 
	1.00 
	1.80 

	𝜌DL
	0.98 
	0.96 
	0.92 

	𝜌UL
	0.92 
	0.86 
	0.80 

	BO
	0.29 
	0.46 
	0.76 


[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Receiver-assisted LBT
The ED based LBT is performed at the transmitter side, which cannot reflect the interference at the receiver side, especially when directional LBT is applied, the interference at the receiver side may be more severe. 
[image: ][image: ]
[bookmark: _Ref53779334]Figure 2  Receiver assisted channel access scheme
An RTS/CTS-like scheme can be introduced in the NR unlicensed band as shown in Figure 2. There are 2 transmitters and two receivers, among them, transmitter 1 and receiver 2 will have interference with each other. When data arrives at the transmitter 1, it performs LBT and sends out RTS. The receiver 1 responds with CTS if the interference is not severe and the RTS can be decoded. Then the transmitter 1 will start to transmit the data. During this data transmission period, data arrives at the transmitter 2. Transmitter 2 also performs LBT and then sends out RTS. However, due to the interference from transmitter 1, receiver 2 cannot correctly decode the RTS and is not able to respond with CTS at this time. After transmitter 1 finishes data transmission, transmitter 2 and receiver 2 can shake hands and start the data transmission and reception.
Receiver-assisted omni-directional LBT
With simulation settings in Table 8 of Appendix and LBT settings in Table 2, the evaluation result for Receiver-assisted omni-directional LBT case is provided in Table 5:
[bookmark: _Ref53760415]Table 5 Receiver-assisted omni-directional LBT performance 
	Traffic load
Metrics              
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO

	DL UPT (Mbps)
	5%ile
	2821.80 
	1901.38 
	439.18 

	
	50%ile
	9257.08 
	7343.11 
	3761.23 

	
	95%ile
	15801.13 
	14102.28 
	11123.56 

	
	mean
	9548.47 
	7762.27 
	4504.13 

	DL delay (s)
	5%ile
	0.01 
	0.01 
	0.01 

	
	50%ile
	0.02 
	0.03 
	0.08 

	
	95%ile
	0.13 
	0.22 
	0.63 

	
	mean
	0.04 
	0.06 
	0.17 

	UL UPT (Mbps)
	5%ile
	956.07 
	694.68 
	239.10 

	
	50%ile
	5228.97 
	4261.81 
	2413.70 

	
	95%ile
	14238.00 
	12111.56 
	9187.09 

	
	mean
	6181.77 
	5029.66 
	3151.09 

	UL delay (s)
	5%ile
	0.01 
	0.01 
	0.02 

	
	50%ile
	0.01 
	0.02 
	0.03 

	
	95%ile
	0.33 
	0.37 
	0.67 

	
	mean
	0.09 
	0.10 
	0.19 

	Arrival rate (files/s)
	0.60
	1.00
	1.80

	𝜌DL
	1.00 
	1.00 
	0.96 

	𝜌UL
	0.93 
	0.89 
	0.83 

	BO
	0.27 
	0.44 
	0.75 



[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Receiver-assisted directional LBT
With simulation settings in Table 8 of Appendix and LBT settings in Table 2, the evaluation result for Receiver-assisted directional LBT case is provided in Table 6:
[bookmark: _Ref53760465]Table 6 Receiver-assisted directional LBT performance 
	Traffic load
Metrics              
	Low load
10%~25% BO 
	Medium load
35%~50% BO
	High load
above 55% BO

	DL UPT (Mbps)
	5%ile
	2681.82 
	1700.56 
	271.17 

	
	50%ile
	9028.41 
	7077.76 
	3635.26 

	
	95%ile
	15532.99 
	14000.36 
	11180.96 

	
	mean
	9384.98 
	7619.36 
	4489.52 

	DL delay (s)
	5%ile
	0.01 
	0.01 
	0.01 

	
	50%ile
	0.02 
	0.03 
	0.07 

	
	95%ile
	0.12 
	0.22 
	0.67 

	
	mean
	0.04 
	0.06 
	0.17 

	UL UPT (Mbps)
	5%ile
	925.43 
	671.77 
	179.49 

	
	50%ile
	5179.68 
	3879.64 
	2088.79 

	
	95%ile
	14444.61 
	11873.55 
	8891.43 

	
	mean
	6120.56 
	4926.70 
	3076.43 

	UL delay (s)
	5%ile
	0.01 
	0.01 
	0.02 

	
	50%ile
	0.01 
	0.02 
	0.02 

	
	95%ile
	0.32 
	0.40 
	0.65 

	
	mean
	0.09 
	0.11 
	0.18 

	Arrival rate (files/s)
	0.60
	1.00
	1.80

	𝜌DL
	0.98 
	0.97 
	0.90 

	𝜌UL
	0.91 
	0.88 
	0.79 

	BO
	0.28 
	0.45 
	0.76 


Simulation results analysis
The analysis for different LBT schemes in indoor scenario A
[bookmark: _Ref53737950][bookmark: _Ref53737944]To compare the performance of different LBT schemes, we provide some bar graphs shown in Figure 3 based on the statistical data in section 2.1.  The graphs in Figure 3 show 5th percentile and 50th percentile and 95th percentile and average user perceived throughput for LBT schemes. 
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[bookmark: _Ref53771501]Figure 3: Simulation results with various channel access mechanisms for 60GHz band in indoor scenario-A
From Table 3 to Table 6, we can observe that compared with no LBT case results in Table 1, the LBT scheme makes the BO larger because of the channel access procedure. Furthermore, from Figure 3, it could be observed that the ED-based LBT actually causes some performance loss for UPT when the traffic load is low for edge UEs. However, the ED-based LBT has some effect on mitigating the strong interface observed by the edge UEs with high traffic load.  
Meanwhile, the receiver-assisted LBT is not observed with apparent gain compared with ED-based LBT for cell edge UEs but slight performance gain for average UPT.
[bookmark: _Ref53779214]Observation 1: For cell edge UEs, compared to no-LBT scheme, the ED-based LBT schemes cause some UPT performance loss when the traffic load is low. In high load, there’s some slight performance gain.
[bookmark: _Ref53779222]Observation 2: The receiver-assisted LBT is not observed with apparent gain compared with ED-based LBT for cell edge UEs but slight performance gain for average UPT in indoor scenario A.
Receiver-assisted LBT in severe interference scenario 
As we discussed in section 2.1.4, the receiver-assisted LBT can avoid some transmission collision to mitigate the sudden interference. While in scenario A, the performance gain is not apparent since receiver-assisted LBT is not beneficial for regular scenario. To magnify the performance gain from receiver-assisted LBT, a severe interference scenario is created as shown in Figure 4. In the deployment of scenario A-x is shown in Figure 4, the red and blue icons indicates the gNBs and UEs for each operator, besides the distance between UE and serving gNB is 6 m, the distance between gNB(UE) to the nearest gNB(UE) is 2 m. Moreover, the UE panel is fixed to facing the serving gNB. In this deployment, the UE would suffer severe interference from facing gNBs. We simulate the scenario A-x with 100% downlink traffic, and the other simulation assumptions are aligned with Table 8.
[image: ]
[bookmark: _Ref53776389]Figure 4 The deployment of scenario A-x with severe interference
[bookmark: _Ref53778003]Table 7 The performance of various channel access mechanisms for 60GHz band in indoor scenario A-x
	
Metrics              
	No LBT
	Omni-directional LBT
	Receiver-assisted omni-directional LBT
	Directional LBT
	Receiver-assisted directional LBT

	DL UPT (Mbps)
	5%ile
	145.40 
	139.02 
	249.59 
	144.82 
	319.65 

	
	50%ile
	1257.91 
	1239.88 
	3948.90 
	1237.75 
	3861.12 

	
	95%ile
	10570.58 
	10077.21 
	12315.49 
	10104.79 
	11323.44 

	
	mean
	2621.41 
	2546.58 
	4911.66 
	2539.25 
	4749.42 

	DL delay (s)
	5%ile
	0.01 
	0.01 
	0.01 
	0.01 
	0.01 

	
	50%ile
	0.22 
	0.21 
	0.08 
	0.21 
	0.08 

	
	95%ile
	1.71 
	1.70 
	0.88 
	1.71 
	0.94 

	
	mean
	0.49 
	0.49 
	0.22 
	0.49 
	0.22 

	Arrival rate (files/s)
	20.00
	20.00
	20.00
	20.00
	20.00

	𝜌DL
	0.61 
	0.60 
	0.84 
	0.60 
	0.84 

	BO
	0.79 
	0.79 
	0.61 
	0.79 
	0.62 
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[bookmark: _Ref53775640]Figure 5 Simulation results with various channel access mechanisms in indoor scenario A-x
From Table 7 and Figure 5, we can observe that the receiver-assisted LBT shows significant gain when coping with hidden nodes. The 𝜌DL of receiver-assisted LBT increase about 24% compared with that of ED-based LBT, so there are more successful transmission owing to the receiver-assisted LBT.
[bookmark: _Ref53779241]Observation 3: The receiver-assisted LBT shows significant gain in severe interference scenarios.
Channel access mechanism selection
In unlicensed spectrum, the LBT mechanisms such as omni-directional LBT, directional LBT, and receiver assisted LBT should be considered. Besides, the non-LBT mechanisms such as no LBT, long term sensing, etc. should also be considered as well when local regulation allows. Different channel access mechanisms are feasible for different scenarios. Therefore, the channel access mechanism selection rules should be studied to enable the device to select a proper mechanism or switching to a better mechanism to enhance the performance.

The selection of the channel access mechanism can be done by the device itself. E.g. gNB selects the channel access mechanism for itself and UE selects the channel access mechanism for itself. This can be applied to DL transmission and the configured UL transmission. For the dynamic grant UL transmission, it is better to allow the gNB to select the channel access mechanisms for UE. gNB can inform the channel access mechanism to the UE via high layer signalling or physical layer signalling. In addition, for self-selection case, when receiver assisted LBT is selected, the transmitter should also inform the receiver in order to acquire the assistance from the receiver.

When regulation allows and channel access mechanisms without LBT can be applied. Devices may select either LBT or non-LBT mechanisms to access the channel. The device can switch between LBT and non-LBT mechanisms based on the channel occupancy time or channel access rate. E.g., when the channel occupancy time exceeds x% in T ms, the device can switch to LBT mechanisms to enhance the performance of the devices that may suffer severe interference.  Or when the channel access successful rate exceeds y% in T ms, the device can switch to non-LBT mechanisms since there are very few interfering nodes in surrounding areas. Besides, the device can also select the channel access mechanism based on the transmission priority or service requirements. E.g., the data with high priority can be delivered non-LBT mechanisms, and the data with low priority can be delivered with LBT mechanisms. Or the high reliability services can be delivered with receiver assisted LBT mechanisms. Furthermore, the device can select the channel access mechanism based on the feedback information from the receiver. E.g., if the interference level is higher than a certain threshold or if the NACK exceeds z% of the HARQ feedback, gNB will select the receiver assisted LBT to ensure that the UE can correctly decode the data.
[bookmark: _Ref53416263]Proposal 2: The channel access mechanism can be selected based on the channel occupancy time, channel access rate, transmission priority, service requirement, or feedback information from the receiver, etc.
3. Conclusion
In this contribution, we presented system level evaluation results and discussed some channel access schemes in 60GHz band. The proposals and observations are summarized below.
Observation 1: For cell edge UEs, compared to no-LBT scheme, the ED-based LBT schemes cause some UPT performance loss when the traffic load is low. In high load, there’s some slight performance gain.
Observation 2: The receiver-assisted LBT is not observed with apparent gain compared with ED-based LBT for cell edge UEs but slight performance gain for average UPT in indoor scenario A.
Observation 3: The receiver-assisted LBT shows significant gain in severe interference scenarios.
Proposal 1: If directional LBT is used in 60 GHz band, the CCA energy should be calculated as one specific beamforming direction including beamforming gain.
Proposal 2: The channel access mechanism can be selected based on the channel occupancy time, channel access rate, transmission priority, service requirement, or feedback information from the receiver, etc.
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Appendix
[bookmark: _Ref40367935]Table 8  Summary of simulation assumptions for indoor scenario
	Parameters 
	Assumptions

	Layout
	24 BSs are deployed in 120m * 50m box.
2 operators deploy 2 BSs randomly in each 10m * 10m box.
[image: ]

	UE distribution
	100% Indoor, 3km/h.
Average 5 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
20 dBm for 128 transmit antennas


	Max. allowed UE Tx Power
	25 dBm EIRP
14 dBm for 16 transmit antennas


	BS Antenna gain
	5 dBi

	UE Antenna gain
	5 dBi

	BS antenna height
	3 m
	

	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
	(M, N, P, Mg, Ng) = (2, 2, 2, 2, 1), dH = dV = 0.5 λ
Mechanic tilt: 0 degree

	Traffic model 
	FTP3 with packet size of 27Mbyte.
For FTP3 traffic model, low, median, high traffic load are needed.

	UE receiver
	MMSE-IRC as the baseline receiver

	Data Processing Latency
	K1=192 symbol

	Channel estimation
	ideal

	Traffic type
	DL 50% UL50%

	Metric
	UPT, Latency, Average BO
Ratio of mean served throughput and offered cell throughput 

	Overhead

	PDCCH, PUCCH: 2 symbol per slot
CSI_RS, SRS: 0



image3.png
CDF

UE to UE links

09

08

[ik4

06

05

04

03

02

01

-300

250

200

150
RSRP(dBm)

-100

50





image4.png




image5.png




image6.png
3000

2500

2000

1500

5% DL UPT(Mbps)

0.6

1

mno momni momnirts mdir mdirrts

1.8





image7.png
1400
1200

800
600
400
200

5% UL UPT(Mbps)

0.6 1

mno momni momnirts mdir mdirrts

1.8





image8.png
10000

8000

6000

4000

2000

50% DL UPT(Mbps)

0.6 1

Eno Eomni momnirts Edir mdirrts

1.8





image9.png
50% UL UPT(Mbps)

Eno Momni Womnirts Edir mdirrts





image10.png
95% DL UPT(Mbps)

0.6 1

mno momni momnirts mdir mdirrts

1.8





image11.png
95% UL UPT(Mbps)

0.6

1 1.8

no momni ®Momnirts mdir mdirrts





image12.png
12000

10000

8000

avg DL UPT(Mbps)

0.6 1

mno momni momnirts mdir mdirrts

1.8





image13.png
avg UL UPT(Mbps)

0.6

1

no momni Womnirts mdir mdirrts

1.8





image14.png
35

30

2

20

15

10

B i e e e

B S e S e

+ 0w
* UE

20

40

60

80

100

120




image15.png
350

300

250

200

150

100

5% DL UPT(Mbps)

omni

omni rts

dirrts





image16.png
4500
4000
3500
3000
2500
2000
1500
1000

500

50% DL UPT(Mbps)

omni omni rts

dir

dirrts





image17.png
95% DL UPT(Mbps)
14000

12000

10000
8000
6000
4000
2000

0

omni omni rts dirrts





image18.png
5000

4000

3000

avg DL UPT(Mbps)

omni omni rts

dir rts





image19.png
120 m





image1.png
CDF

Serving BS to UE links

09

08

[ik4

06

05

04

03

02

01

55

50

55

50
RSRP(dBm)

45

40




image2.png
CDF

BS to BS links

09

08

[ik4

06

05

04

03

02

01

-300

250

200 150
RSRP(dBm)

-100





