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In RAN1#102-e, the link level and system level evaluation assumptions were continued to be discussed and new agreements were made [1]. According to the agreed assumptions, we provide new results to study the phase noise impairment impact in various numerologies for PDSCH/PUSCH/PRACH/SSB in link level evaluation and channel access mechanism under indoor and outdoor scenario in system level evaluation.
Assumptions and results for Link level evaluation 
Simulation assumptions
	Assumptions
	Value

	Carrier frequency
	60 GHz 

	Duplexing 
	TDD

	Waveform
	CP-OFDM for DL/UL, DFT-s-OFDM for UL

	Numerology
	[120 kHz 240 kHz 480 kHz 960 kHz]

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

	PN model
	Example 2 phase noise model scaling to 60 GHz in 38.803

	Channel coding
	LDPC code

	frame structure
	2(PDCCH)/1(DMRS)/11(data+PTRS)

	Transmission BW
	400 MHz：256/128/64/32 PRB for 120/240/480/960 kHz 

	TTI
	1 slot

	DMRS
	1/2 in frequency in each port

	PTRS
	For CP-OFDM:
K=2 in frequency domain, L=1 in time domain
For DFT-s-OFDM:
8*4 for 120 kHz and 240 kHz, 4*4 for 480 kHz, 4*2 for 960 kHz

	Receiver 
	CPE, ICI compensation

	Channel estimation 
	Realistic



Simulation results 
PDSCH
Normal CP length is used for evaluation of different SCSs. The results illustrated from Figure 01 to Figure 04 show that the performance gap among different SCSs is ignorable for QPSK and 16QAM in scenarios with short delay spread. Further, when ICI compensation based on block-based PTRS is used, the phase noise impact reduces significantly for 64QAM when small a SCS is used; resulting in a similar BLER performance to a large SCS.
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Figure 01. BLER performance with different numerologies for MCS7/16/22 for CP-OFDM 
(CDL-B DS=20ns, CPE compensation)
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Figure 02. BLER performance with different numerologies for MCS7/16/22 for CP-OFDM 
(CDL-B DS=50ns, CPE and ICI compensation)
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Figure 03. BLER performance with different numerologies for MCS7/16/22 for CP-OFDM 
(CDL-D DS=30ns, CPE compensation)
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Figure 04. BLER performance with different numerologies for 22 for CP-OFDM with ICI compensation
(left: CDL-B, DS=20ns; right: CDL-D, DS=30ns)

Observation 1: For QPSK and 16QAM, SCSs larger than 120 kHz do not achieve a significantly better BLER. For 64QAM, a larger SCS performs better than a smaller SCS without ICI compensation. Block-based PTRS enables ICI compensation for smaller SCSs and helps a smaller SCS to perform even better than a larger SCS.
Observation 2: If CDL-B DS=50ns channel model is considered, the BLER performance of a subcarrier spacing larger than 480 kHz decreases a lot due to the short CP length.
Observation 3: When both the impact of phase noise and CP length on BLER performance are considered, simulation results show that a smaller SCS (120 kHz or 240 kHz) with NCP is the best solution if block-based PTRS for ICI compensation is introduced.
PUSCH
Evaluation results for PUSCH of CP-OFDM are the same as PDSCH, and only the results for PUSCH of DFT-s-OFDM is illustrated with details in this section.
In the evaluations, the same PTRS overhead of about 2% is applied to 240 kHz, 480 kHz and 960 kHz, which is similar to the PTRS overhead for CP-OFDM. In turn, the overhead for 120 kHz is only about 1%, which is the highest overhead that can be configured for 120 kHz as the maximum number of PTRS patterns defined in Rel-15 is only 32. With parameters of PTRS pattern being set to *=8*4, the BLER performance of 120 kHz for 64QAM shows a performance floor above due to the longest interpolation range between two PTRS groups. In addition, BLER performance of 960 kHz for 16QAM is the worst, as the noise reduction performance per PTRS group is the worst in a low SNR region. And BLER performances of different SCSs are almost the same for QPSK without phase noise compensation, as the phase noise for QPSK is not the prime impact.
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Figure 05. BLER performance with different numerology for DFT-s-OFDM MCS7(QPSK), MCS16(16QAM) and MCS22(64QAM) (CDL-B DS=20ns)
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Figure 06. BLER performance with different numerology for DFT-s-OFDM MCS7(QPSK), MCS16(16QAM) and MCS22(64QAM) (CDL-D DS=20ns)
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Figure 07. BLER performance with different numerology for DFT-s-OFDM MCS7(QPSK), MCS16(16QAM) and MCS22(64QAM) (CDL-D DS=30ns)
Observation 4: Simulation results for DFT-s-OFDM show that, SCSs larger than 240 kHz do not achieve a better BLER performance than 120 and 240 kHz SCSs for QPSK and 16QAM. BLER performance of 120 kHz for 64QAM reaches a floor above 10-2 due to a lower overhead of PTRS and the longest interpolation range.

PRACH
Preamble sequence length is set to be 139 in the PRACH evaluations. As shown in Figure 08 and Figure 09, the detection SINR for 960 kHz is about 1.3dB lower than that of 120 kHz under CDL-B with different delay spread since 960 kHz SCS enjoys a more frequency division gain due to its larger bandwidth. To further verify the influence of the frequency selectivity, detection performances are compared under CDL-D with different delay spread which show that the detection performance for different SCSs are almost the same since the frequency selectivity of CDL-D is similar to that of the AWGN channel.
In addition, when taking a fixed total transmission power into consideration, which is a typical practice in uplink transmission, the SNR gap of 99% detection probability between 120 kHz SCS and 960 kHz SCS can be compensated by the 9 dB energy gap of the received signal between 120 kHz SCS and 960 kHz SCS.
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Figure 08. Detection performance of PRACH with different numerology
(left: CDL-B, DS=20ns; right: CDL-B, DS=50ns)
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Figure 09. Detection performance of PRACH with different numerology
(left: CDL-D, DS=20ns; right: CDL-D, DS=30ns)

Observation 5: The detection performance gap between 960 kHz and 120 kHz is about 1.3dB under CDL-B, and the detection performances for different SCSs are almost the same under CDL-D.
Observation 6: By accounting for both the impacts of the received signal energy gap and the detection performance gap for different SCSs, a lower SCS has a wider PRACH coverage.

[bookmark: _Ref129681832]Assumptions and results for system level evaluation 
Simulation assumptions for indoor scenario
	Parameters 
	Assumptions

	Layout
	Indoor scenario-A: Office box 120m x 50m，12 BS per operator, 2 operator.BS randomly deployed within 10m x 10m virtual box. BS mounting on the ceiling. 
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Indoor scenario-C: Office box 120m x 50 m, 12 BS per operator, 1 operator
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	Inter-BS distance
	Random with minimum distance of 2m for scenario-A

	UE distribution
	100% Indoor, randomly distributed within the office box,
5 users per BS

	Carrier bandwidth
	400MHz/2000MHz

	Numerology
	120kHz for 400MHz/960kHz for 2000MHz

	Carrier frequency 
	60GHz

	Channel model
	InH mixed/open channel model in 38.901

	Max. allowed BS Tx power(EIRP)
	 40dBm

	Max. allowed UE Tx Power(EIRP)
	 25dBm

	BS antenna configurations
	See 38.802 Table A.2.1-7 for ceiling mount(antenna gain = 5dB)

	UE antenna configuration
	[bookmark: OLE_LINK1]See 38.802 Table A.2.1-8, boresight parallel to ground(antenna gain = 5dB)

	BS antenna height
	3m
	

	UE antenna height
	1.5m
	

	BS receiver noise figure
	7dB
	


	UE receiver noise figure
	10dB

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

	UE antenna array configuration
	 (M, N, P, Mg, Ng) = (2, 2, 2, 1, 2), Dh = Dv = 0.5 λ

	MCOT
	 5ms

	Traffic model 
	FTP3 with packet size of 8/27 Mbytes. 

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption	
	Realistic

	Channel estimation
	Realistic/ideal 

	Traffic type
	50% DL, 50% UL



Simulation assumptions for outdoor scenario
	Parameters 
	Assumptions

	Layout
	Scenario Outdoor-B: Dense Urban with 2 layers
Macro layer (sub 7GHz-not simulated): 
Hexagonal grid, single layer, 3 sectors per site, 1 sites locations
BS height 25m, UE height 1.5m, ISD = 100m, fixed BS position
Micro layer (above 52.6 GHz):
BS height 10m, UE height 1.5m, 2 operator, 2 BS per hexgrid per operator, random position within macro hexagonal grid per operator, minimum distance between TRP(gNB or UE) and TRP(gNB or UE): 10m

	Inter-BS distance
	Random with minimum distance of 10m 

	UE distribution
	100% Outdoor, randomly distributed within macro hexagonal grid,
5 users per BS

	Carrier bandwidth
	2000MHz

	Numerology
	-960kHz

	Carrier frequency 
	60GHz

	Channel model
	gNB-to-gNB and gNB-to-UE links: UMI street canyon channel & PL models from tr38.901
UE-to-UE links: D2D channel& PL models from TR36.843 Section A.2.1.2

	Max. allowed BS Tx power(EIRP)
	 40dBm

	Max. allowed UE Tx Power(EIRP)
	 25dBm

	BS antenna configurations
	See 38.901 Table 7.3-1, 3 Panel single sector gNB with {0,+120,-120} degree boresight orientations(antenna gain = 5dB).

	UE antenna configuration
	See 38.802 Table A.2.1-8, boresight parallel to ground(antenna gain = 5dB)

	BS antenna height
	10m

	UE antenna height
	1.5m

	BS receiver noise figure
	7dB

	UE receiver noise figure
	10dB

	BS antenna array configuration
	 (M, N, P, Mg, Ng)  = (8, 16, 2, 3, 1), Dh = Dv = 0.5 λ

	UE antenna array configuration
	 (M, N, P, Mg, Ng) = (2, 2, 2, 1, 2), Dh = Dv = 0.5 λ

	MCOT
	 5ms

	Traffic model 
	FTP3 with packet size of 27 Mbytes. 

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption	
	Realistic

	Channel estimation
	Realistic/ideal 

	Traffic type
	50% DL, 50% UL


Simulation results
In RAN1 #102e, simulation scenarios and assumptions were continued to be discussed. The deployment of indoor scenario-A and scenario-C was agreed to maintain the room size of 120m*50m with the cell selection threshold of -71 dBm + 10 log10 (BW/2GHz). Figures 10 to Figure 17 are the RSRP distribution for serving BS to UE links, BS-to-UE interference links, BS-to-BS interference links, and UE-to-UE interference links for indoor and outdoor scenario. In BS-to-UE interference link, the statistics are calculated assuming gNB is sending signals to its served UEs and the received power at other UEs are calculated with Omni-dir antenna pattern. Same approach is used for other types of interference links.
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Figure 10. Serving link RSRP of Indoor scenario-A/C
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Figure 11. BS-to-UE interference link RSRP of Indoor scenario-A/C
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Figure 12. BS-to-BS interference link RSRP of Indoor scenario-A/C
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Figure 13. UE-to-UE interference link RSRP of Indoor scenario-A/C
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Figure 14. Serving link RSRP of outdoor scenario-B
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Figure 15. BS-to-UE interference link RSRP of Indoor scenario-B
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Figure 16. BS-to-BS interference link RSRP of Indoor scenario-B
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Figure 17. UE-to-UE interference link RSRP of Indoor scenario-B
We also provide the SLS results with various channel access mechanisms based on the indoor and outdoor scenarios. The results presented here are according to the SLS evaluation methodology agreed in [1] and the adaptivity rule specified in the latest draft of of EN 302 567 to verify the impact of LBT on the performance of various antenna array configurations in 60GHz band. In EN 302 567, LBT is mandatory to facilitate spectrum sharing. Before a transmission or a burst of transmissions on an Operating Channel, the equipment shall perform a Clear Channel Assessment (CCA) check using "energy detect". The energy detection threshold for the CCA shall be -47 dBm + (40 dBm - Pout (dBm)) irrespective to the channel bandwidth, where Pout is the RF output power (EIRP).
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Figure 18. Simulation results with various channel access mechanism for 60GHz band in indoor scenario-A
[image: ][image: ]
[image: ][image: ]
Figure 19. Simulation results with various channel access mechanism for 60GHz band in indoor scenario-C
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Figure 20. Simulation results with various channel access mechanism for 60GHz band in outdoor scenario-B (1 site)
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Figure 21. Simulation results with various channel access mechanism for 60GHz band in outdoor scenario-B (7 sites)
Simulation results in Figures 18, 19, 20 and 21 show mean value of throughput and the 5th percentile user perceived throughput (UPT) for LBT schemes with both DL and UL FTP3 traffic loads with the file size of 27 Mbytes for all the related scenarios above. More details results corresponding to Figures 18, 19 and 20 could be found in Appendix B in Tables 01-02, Tables 03-04, Table 05-06 and Tables 07-08, respectively.
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Figure 22. Simulation results with various channel access mechanism for 60GHz band in indoor scenario-A with InH mixed channel model for BS to UE links

Simulation results in Figure 21, show mean value of throughput and the 5th percentile user perceived throughput (UPT) for LBT schemes with both DL and UL FTP3 traffic loads with the file size of 8Mbytes in indoor scenario-A with InH mixed channel models for BS to UE links. More detailed results could be found in the appendix B Tables 09-10. A fixed contention window size of 127 contention slots with energy detection threshold of  -47 dBm for gNB and -32dBm for UE is used in LBT procedure based on EN 302 567. The maximum channel occupancy times (COT) is 5ms. The No-LBT scheme uses unconstrained NR-like TDD operation for both operators with no medium access protocol or LBT mechanism. LBT with energy detection considering no array gain is called Omni-dir-LBT, and LBT with energy detection via narrow beam is called Direct-LBT. LBT with energy detection via narrow beam at the receiver side is called as receiver-assisted LBT, which is proposed in our companion contribution [3].
The observations from the simulation results both indoor and outdoor scenarios indicate the following: (1) The LBT mechanism may result in contention overhead and consequent loss in performance in a low traffic load scenario. (2) Receiver-assisted LBT is beneficial for the cell-edge users especially in medium and high traffic load.
Observation 7: LBT mechanism at transmitter may result in contention overhead and loss in performance for both indoor and outdoor scenario.
Observation 8: Receiver-assisted LBT is beneficial for cell-edge users in indoor scenario especially in medium and high traffic load. 
Conclusions
In this contribution, we have provided link level and system level simulation results for both licensed and unlicensed bands. Based on the discussion, we have the following proposals and observations: 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: For QPSK and 16QAM, SCSs larger than 120 kHz do not achieve a significantly better BLER. For 64QAM, a larger SCS performs better than a smaller SCS without ICI compensation. Block-based PTRS enables ICI compensation for smaller SCSs and helps a smaller SCS to perform even better than a larger SCS.
Observation 2: If CDL-B DS=50ns channel model is considered, the BLER performance of a subcarrier spacing larger than 480 kHz decreases a lot due to the short CP length.
Observation 3: When both the impact of phase noise and CP length on BLER performance are considered, simulation results show that a smaller SCS (120 kHz or 240 kHz) with NCP is the best solution if block-based PTRS for ICI compensation is introduced.
Observation 4: Simulation results for DFT-s-OFDM show that, SCSs larger than 240 kHz do not achieve a better BLER performance than 120 and 240 kHz SCSs for QPSK and 16QAM. BLER performance of 120 kHz for 64QAM reaches a floor above 10-2 due to a lower overhead of PTRS and the longest interpolation range.
Observation 5: The detection performance gap between 960 kHz and 120 kHz is about 1.3dB under CDL-B, and the detection performances for different SCSs are almost the same under CDL-D.
Observation 6: By accounting for both the impacts of the received signal energy gap and the detection performance gap for different SCSs, a lower SCS has a wider PRACH coverage.

Observation 7: LBT mechanism at transmitter may result in contention overhead and loss in performance for both indoor and outdoor scenario.
Observation 8: Receiver-assisted LBT is beneficial for cell-edge users in indoor scenario especially in medium and high traffic load. 
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Appendix A.
Table 01: SINR in dB achieving PDSCH/PUSCH BLER of 10% /1% for CP-OFDM
	MCS
	Channel
	120 kHz
@400 MHz
	240 kHz
@400 MHz
	480 kHz
@400 MHz
	960 kHz
@400 MHz

	
	PHN
	CPE
	ICI
	CPE
	ICI
	CPE
	CPE

	7
	CDL-B, 20ns
	2/4.8
	--
	2/4.8
	--
	2/4.8
	2/4.8

	
	CDL-B, 50ns
	2.9/4.2
	--
	2.6/4.2
	--
	2.7/4.2
	2.6/3.9

	
	CDL-D, 30ns
	-1.4/-1
	--
	-1.2/-1
	--
	-1.6/-1.4
	-1.7/-1.7

	16
	CDL-B, 20ns
	10.5/12.5
	--
	10/12.3
	--
	11.8/12
	10.7/11.9

	
	CDL-B, 50ns
	11.2/12.6
	--
	11.2/13.4
	--
	11.6/14.0
	11.9/13.3

	
	CDL-D, 30ns
	7/7.2
	--
	6.8/7.1
	--
	6.7/6.8
	6.6/6.8

	22
	CDL-B, 20ns
	NAN
	16.8/20
	NAN
	15.3/17.2
	17/19
	15.7/18

	
	CDL-B, 50ns
	NAN
	16.8/18.1
	NAN
	15.8/18.2
	16.9/19.1
	18.4/20.8

	
	CDL-D, 30ns
	NAN
	12.5/12.9
	NAN
	11.8/12.4
	13.2/14.8
	12.1/12.5


Table 02: SINR in dB achieving PUSCH BLER of 10% /1% for DFT-s-OFDM
	MCS
	Channel
	120 kHz
@400 MHz
	240 kHz
@400 MHz
	480 kHz
@400 MHz
	960 kHz
@400 MHz

	7
	CDL-B, 20ns
	3.0/4.3
		2.4/4.4
	3.2/5.0
	2.8/4.7

	
	CDL-D, 20ns
	-0.4/0.2
	-0.2/0.5
	-0.5/0.3
	-0.1/0.4

	
	CDL-D, 30ns
	-0.4/0.2
	-0.2/0.5
	-0.5/0.3
	-0.1/0.4

	16
	CDL-B, 20ns
	12.1/13.7
	11.1/13.8
	12.2/15.4
	12.5/15.5

	
	CDL-D, 20ns
	7.0/7.6
	7.5/8.1
	7.3/8.0
	8.1/8.6

	
	CDL-D, 30ns
	7.0/7.6
	7.5/8.1
	7.3/8.0
	8.1/8.5

	22
	CDL-B, 20ns
	20.9/NAN
	17.4/20.6
	19.1/22.7
	18.4/21.4

	
	CDL-D, 20ns
	14.7/NAN
	13.4/14.4
	13.2/14.3
	13.4/13.8

	
	CDL-D, 30ns
	14.7/NAN
	13.4/14.4
	13.2/14.3
	13.4/13.8



Table 03: SINR in dB achieving PRACH preamble misdetection probability of 1% and corresponding false alarm probability 1‰
	Format
	Channel
	120 kHz
	240 kHz
	480 kHz
	960 kHz

	A1
	CDL-B, 20ns
	-6.920/1‰
	-7.820/1‰
	-7.829/1‰
	-8.234/1‰

	
	CDL-B, 50ns
	-7.842/1‰
	-8.258/1‰
	-8.652/1‰
	-8.917/1‰

	
	CDL-D, 20ns
	-6.740/1‰
	-6.740/1‰
	-6.740/1‰
	-6.728/1‰

	
	CDL-D, 30ns
	-6.740/1‰
	-6.740/1‰
	-6.740/1‰
	-6.728/1‰

	A2
	CDL-B, 20ns
	-9.836/1‰
	-10.860/1‰
	-10.739/1‰
	-11.030/1‰

	
	CDL-B, 50ns
	-10.777/1‰
	-11.079/1‰
	-11.558/1‰
	-11.955/1‰

	
	CDL-D, 20ns
	-9.529/1‰
	-9.523/1‰
	-9.526/1‰
	-9.526/1‰

	
	CDL-D, 30ns
	-9.529/1‰
	-9.523/1‰
	-9.526/1‰
	-9.526/1‰



Appendix B.
[bookmark: _Ref48248896]Table 01. System level evaluation results for indoor scenario A (no-LBT and omni-directional LBT)
	Cases
	no-LBT
	 omni-directional LBT

	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
	2690.3
	1015.6
	222.3
	2527.9
	881.7
	158.8

	
	50%ile
	6635.8
	4431.6
	3385.4
	6137.7
	4068.8
	3062.5

	
	95%ile
	8477.6
	9469.3
	9404.3
	8949.0
	8837.5
	8628.6

	
	mean
	6381.8
	4819.0
	3818.9
	5943.5
	4404.3
	3439.1

	DL delay (s)
	5%ile
	0.0228
	0.0228
	0.0229
	0.0241
	0.0244
	0.0250

	
	50%ile
	0.0325
	0.0485
	0.0634
	0.0352
	0.0530
	0.0698

	
	95%ile
	0.0801
	0.2059
	0.7516
	0.0867
	0.2492
	1.0180

	
	mean
	0.0396
	0.0743
	0.1751
	0.0430
	0.0882
	0.2161

	UL UPT (Mbps)
	5%ile
	2817.4
	1027.9
	304.2
	2606.0
	839.2
	185.6

	
	50%ile
	6949.9
	4798
	3802.7
	6527.9
	4358.4
	3372.2

	
	95%ile
	10637
	10118
	9111.1
	9982.3
	9243.3
	8536.7

	
	mean
	6771.0
	5046.4
	4165.3
	6320.3
	4602.4
	3726.3

	UL delay (s)
	5%ile
	0.0203
	0.0211
	0.0236
	0.0216
	0.0225
	0.0251

	
	50%ile
	0.0311
	0.0448
	0.0564
	0.0331
	0.0493
	0.0634

	
	95%ile
	0.0764
	0.2034
	0.5975
	0.0837
	0.2500
	0.8877

	
	mean
	0.0375
	0.0728
	0.1613
	0.0410
	0.0867
	0.2029

	Arrival rate (files/s)
	0.4
	1.2
	1.6
	0.4
	1.2
	1.6

	𝜌DL
	99.64%
	99.49%
	97.37%
	99.69%
	99.44%
	96.69%

	𝜌UL
	99.68%
	99.45%
	97.89%
	99.65%
	99.32%
	96.91%

	BO
	12.94%
	42.34%
	57.72%
	13.81%
	45.13%
	60.60%

	Additional report/notes:
BW = 2GHz, FTP3 traffic file size = 27Mbyte, Fixed CW = 127, two operator, MCOT=5ms; BS to UE: InH open office channel.



Table 02. System level evaluation results for indoor scenario A (directional LBT and receiver assisted LBT)
	Cases
	directional LBT schemes
	 receiver-assisted LBT

	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
	2507.1
	874.7
	154.7
	2587.9
	994.5
	242.7

	
	50%ile
	6129.2
	4038.4
	3031.0
	6170.7
	4181.1
	3187.9

	
	95%ile
	8956.3
	8827.5
	8625.3
	8959.2
	8852.4
	8690.1

	
	mean
	5931.7
	4382.4
	3432.0
	5991.0
	4516.8
	3582.2

	DL delay (s)
	5%ile
	0.0241
	0.0244
	0.0250
	0.0241
	0.0244
	0.0248

	
	50%ile
	0.0351
	0.0530
	0.0707
	0.0352
	0.0515
	0.0673

	
	95%ile
	0.0858
	0.2411
	0.9853
	0.0838
	0.2237
	0.7022

	
	mean
	0.0427
	0.0857
	0.2087
	0.0424
	0.0819
	0.1971

	UL UPT (Mbps)
	5%ile
	2606.0
	836.3
	181.8
	2698.8
	938.8
	275.2

	
	50%ile
	6528.8
	4351.0
	3369.3
	6621.1
	4490.5
	3537.3

	
	95%ile
	9985.1
	9250.1
	8531.0
	9990.1
	9469.4
	8631.4

	
	mean
	6317.1
	4594.3
	3724.6
	6396.9
	4750.6
	3868.7

	UL delay (s)
	5%ile
	0.0216
	0.0230
	0.0252
	0.0216
	0.0224
	0.0248

	
	50%ile
	0.0330
	0.0494
	0.0634
	0.0329
	0.0481
	0.0605

	
	95%ile
	0.0824
	0.2490
	0.8331
	0.0815
	0.2332
	0.7032

	
	mean
	0.0405
	0.0880
	0.1989
	0.0402
	0.0808
	0.1831

	Arrival rate (files/s)
	0.4
	1.2
	1.6
	0.4
	1.2
	1.6

	𝜌DL
	99.62%
	99.41%
	96.81%
	99.69%
	99.47%
	96.90%

	𝜌UL
	99.66%
	99.33%
	96.98%
	99.66%
	99.34%
	97.21%

	BO
	13.82%
	45.20%
	60.57%
	13.81%
	44.89%
	60.35%

	Additional report/notes:
BW = 2GHz, FTP3 traffic file size = 27Mbyte, Fixed CW = 127, two operator, MCOT=5ms; BS to UE: InH open office channel.



Table 03. System level evaluation results for indoor scenario C (no-LBT and omni-directional LBT)
	Cases
	no-LBT
	 omni-directional LBT

	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
	2712.1
	1271.5
	585.9
	2478.7
	1136.6
	474.6

	
	50%ile
	6542.7
	4481.1
	4029.6
	6091.8
	4458.6
	3595.8

	
	95%ile
	9478.1
	9472.7
	9459.5
	8954.3
	8848.7
	8715.9

	
	mean
	6383.1
	5130.7
	4346.5
	5945.0
	4722.5
	3913.9

	DL delay (s)
	5%ile
	0.0228
	0.0228
	0.0228
	0.0241
	0.0244
	0.0247

	
	50%ile
	0.0329
	0.0442
	0.0534
	0.0354
	0.0481
	0.0598

	
	95%ile
	0.0792
	0.1646
	0.3375
	0.0865
	0.1870
	0.4128

	
	mean
	0.0396
	0.0636
	0.1125
	0.0427
	0.0706
	0.1309

	UL UPT (Mbps)
	5%ile
	3004.4
	1470.8
	801.5
	2748.7
	1271.5
	551.6

	
	50%ile
	6947.7
	5450.4
	4476.4
	6508.5
	4898.4
	3944.6

	
	95%ile
	10637
	10594
	9402.1
	10014
	9792.6
	8676.5

	
	mean
	6835.8
	5534.8
	4759.1
	6376.1
	5058.1
	4232.4

	UL delay (s)
	5%ile
	0.0203
	0.0204
	0.0227
	0.0215
	0.0220
	0.0248

	
	50%ile
	0.0311
	0.0394
	0.0481
	0.0331
	0.0438
	0.0544

	
	95%ile
	0.0719
	0.1422
	0.2501
	0.0786
	0.1671
	0.3530

	
	mean
	0.0366
	0.0573
	0.0951
	0.0395
	0.0661
	0.1228

	Arrival rate (files/s)
	0.4
	1.2
	1.6
	0.4
	1.2
	1.6

	𝜌DL
	99.69%
	99.52%
	98.91%
	99.65%
	99.44%
	98.71%

	𝜌UL
	99.80%
	99.54%
	99.01%
	99.79%
	99.47%
	98.53%

	BO
	12.75%
	38.75%
	52%
	13.60%
	41.32%
	55.23%

	Additional report/notes:
BW = 2GHz, FTP3 traffic file size = 27Mbyte, Fixed CW = 127, one operator, MCOT=5ms; BS to UE: InH open office channel.



Table 04. System level evaluation results for indoor scenario C (directional LBT and receiver assisted LBT)
	Cases
	directional LBT schemes
	 receiver-assisted LBT

	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
	2487.3
	1128.1
	462.6
	2558.2
	1209.5
	561.7

	
	50%ile
	6069.5
	4452.3
	3588.1
	6119.3
	4564.6
	3801.1

	
	95%ile
	8955.1
	8838.9
	8732.4
	8959.9
	8860
	8761.1

	
	mean
	5931.7
	4711.4
	3892.5
	5995.4
	4826.2
	4078.2

	DL delay (s)
	5%ile
	0.0241
	0.0244
	0.0247
	0.0241
	0.0243
	0.0246

	
	50%ile
	0.0355
	0.0482
	0.0599
	0.0353
	0.0471
	0.0565

	
	95%ile
	0.0867
	0.1884
	0.4249
	0.0834
	0.1738
	0.3608

	
	mean
	0.0427
	0.0705
	0.1315
	0.0420
	0.0669
	0.1214

	UL UPT (Mbps)
	5%ile
	2786.3
	1266.3
	558.5
	2864.9
	1353.5
	619.5

	
	50%ile
	6510.4
	4914.7
	3943.5
	6562.9
	5096.8
	4128.0

	
	95%ile
	10006
	9819.6
	8623.7
	10020
	9805.7
	8768.0

	
	mean
	6376.3
	5050.6
	4229.1
	6443.4
	5180.5
	4374.5

	UL delay (s)
	5%ile
	0.0216
	0.0219
	0.0249
	0.0215
	0.0220
	0.0244

	
	50%ile
	0.0331
	0.0437
	0.0545
	0.0329
	0.0422
	0.0520

	
	95%ile
	0.0775
	0.1666
	0.3475
	0.0754
	0.1562
	0.3143

	
	mean
	0.0395
	0.0662
	0.1225
	0.0388
	0.0622
	0.1122

	Arrival rate (files/s)
	0.4
	1.2
	1.6
	0.4
	1.2
	1.6

	𝜌DL
	99.64%
	99.44%
	98.71%
	99.65%
	99.44%
	98.78%

	𝜌UL
	99.79%
	99.48%
	98.55%
	99.79%
	99.49%
	98.72%

	BO
	13.60%
	41.31%
	55.25%
	13.64%
	41.33%
	55.20%

	Additional report/notes:
BW = 2GHz, FTP3 traffic file size = 27Mbyte, Fixed CW = 127, two operator, MCOT=5ms; BS to UE: InH open office channel.



Table 05. System level evaluation results for outdoor scenario B (1 site, no-LBT and omni-directional LBT)
	Cases
	no-LBT
	 omni-directional LBT

	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
	1717.8
	571.6
	114.3
	1650.1
	465.4
	82.3

	
	50%ile
	4271.6
	3191.9
	2307.5
	3986.2
	2871.9
	1985.4

	
	95%ile
	7548.5
	7296.0
	7053.1
	7115.3
	6746.6
	6462.0

	
	mean
	4543.2
	3467.8
	2746.8
	4242.6
	3131.2
	2434.7

	DL delay (s)
	5%ile
	0.0584
	0.0292
	0.0306
	0.0301
	0.0317
	0.0329

	
	50%ile
	0.0506
	0.0673
	0.0919
	0.0540
	0.0746
	0.1069

	
	95%ile
	0.1236
	0.3558
	1.0587
	0.1294
	0.4282
	1.3218

	
	mean
	0.0589
	0.1096
	0.2430
	0.0631
	0.1278
	0.3009

	UL UPT (Mbps)
	5%ile
	2771.4
	861.9
	223.1
	2582.3
	694.0
	115.5

	
	50%ile
	6935.2
	4863.5
	3648.8
	6475.1
	4332.3
	3097.7

	
	95%ile
	10570
	9542.9
	9058.7
	9824.7
	8894.9
	8501.6

	
	mean
	6574.7
	5028.7
	4045.6
	6142.3
	4546.0
	3540.6

	UL delay (s)
	5%ile
	0.0204
	0.0223
	0.0238
	0.0219
	0.0239
	0.0252

	
	50%ile
	0.0311
	0.0443
	0.0586
	0.0333
	0.0497
	0.0692

	
	95%ile
	0.0779
	0.2433
	0.7830
	0.0830
	0.2974
	1.0580

	
	mean
	0.0385
	0.0772
	0.1719
	0.0416
	0.0912
	0.2261

	Arrival rate (files/s)
	0.4
	1.2
	1.6
	0.4
	1.2
	1.6

	𝜌DL
	99.66%
	99.07%
	96.74%
	99.61%
	98.85%
	95.26%

	𝜌UL
	99.80%
	99.40%
	97.19%
	99.78%
	99.22%
	96.05%

	BO
	15.86%
	47.41%
	61.76%
	16.92%
	50.47%
	64.82%

	Additional report/notes:
BW = 2GHz, FTP3 traffic file size = 27Mbyte, Fixed CW = 127, two operator, MCOT=5ms; 1 site deployment.



Table 06. System level evaluation results for outdoor scenario B(1 site, directional LBT and receiver assisted LBT)
	Cases
	directional LBT schemes
	 receiver-assisted LBT

	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
	1654.3
	479.9
	77.5
	1642.2
	468.6
	81.5

	
	50%ile
	3980.2
	2843.3
	1936.8
	3978.3
	2878.8
	2035.3

	
	95%ile
	7110.6
	6722.2
	6445.0
	7060.1
	6709.4
	6435.9

	
	mean
	4227.9
	3119.4
	2413.8
	4207.0
	3152.7
	2464.7

	DL delay (s)
	5%ile
	0.0302
	0.0318
	0.0330
	0.0305
	0.0318
	0.0331

	
	50%ile
	0.0542
	0.0752
	0.1089
	0.0542
	0.0742
	0.1041

	
	95%ile
	0.1289
	0.4167
	1.3588
	0.1307
	0.4221
	1.3624

	
	mean
	0.0632
	0.1275
	0.3056
	0.0633
	0.1284
	0.2997

	UL UPT (Mbps)
	5%ile
	2581.5
	679.19
	117.2
	2580.8
	701.0
	133.3

	
	50%ile
	6478.3
	4323.7
	3093.7
	6486.2
	4413.9
	3213.7

	
	95%ile
	9838.3
	8912.6
	8516.8
	9880.6
	8910.9
	8504.7

	
	mean
	6138.7
	4537.8
	3550.8
	6165.1
	4589.3
	3604.5

	UL delay (s)
	5%ile
	0.0219
	0.0240
	0.0253
	0.0219
	0.0236
	0.0252

	
	50%ile
	0.0333
	0.0498
	0.0691
	0.0333
	0.0488
	0.0666

	
	95%ile
	0.0837
	0.3032
	1.0907
	0.0833
	0.2950
	1.0840

	
	mean
	0.0416
	0.0923
	0.2282
	0.0415
	0.0890
	0.2253

	Arrival rate (files/s)
	0.4
	1.2
	1.6
	0.4
	1.2
	1.6

	𝜌DL
	99.61%
	98.86%
	95.08%
	99.61%
	98.84%
	95.25%

	𝜌UL
	99.79%
	99.18%
	96.03%
	99.78%
	99.23%
	96.39%

	BO
	16.93%
	50.45%
	64.81%
	16.97%
	50.58%
	64.90%

	Additional report/notes:
BW = 2GHz, FTP3 traffic file size = 27Mbyte, Fixed CW = 127, two operator, MCOT=5ms; 1 site deployment.



Table 07. System level evaluation results for outdoor scenario B (7 site, no-LBT and omni-directional LBT)
	Cases
	no-LBT
	 omni-directional LBT

	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
	1456.9
	909.7
	229.5
	1294.1
	749.5
	180.6

	
	50%ile
	4252.2
	3809.4
	2996.6
	3962.8
	3390.4
	2687.2

	
	95%ile
	7472.9
	7389.9
	7142.7
	7027.2
	6877.8
	6682.8

	
	mean
	4460.8
	3887.5
	3258.4
	4144.6
	3558.5
	2947.9

	DL delay (s)
	5%ile
	0.0288
	0.0293
	0.0303
	0.0306
	0.0314
	0.0325

	
	50%ile
	0.0510
	0.0588
	0.0722
	0.0548
	0.0654
	0.0807

	
	95%ile
	0.1440
	0.2349
	0.5771
	0.1557
	0.2664
	0.6798

	
	mean
	0.0625
	0.0904
	0.1567
	0.0678
	0.1022
	0.1808

	UL UPT (Mbps)
	5%ile
	2603.7
	1349.6
	346.4
	2288.2
	1147.3
	248.2

	
	50%ile
	6936.5
	5628.5
	4358.9
	6455.4
	5204.2
	3836.5

	
	95%ile
	10518
	9156.1
	9053.4
	9688.7
	8694.4
	8515.9

	
	mean
	6452.0
	5610.1
	4637.2
	6013.1
	5151.1
	4177.2

	UL delay (s)
	5%ile
	0.0209
	0.0235
	0.0238
	0.0224
	0.0248
	0.0252

	
	50%ile
	0.0312
	0.0385
	0.0492
	0.0339
	0.0421
	0.0556

	
	95%ile
	0.0869
	0.1573
	0.4317
	0.0944
	0.1796
	0.5169

	
	mean
	0.0414
	0.0597
	0.1131
	0.0447
	0.0675
	0.1317

	Arrival rate (files/s)
	0.4
	0.8
	1.4
	0.4
	0.8
	1.4

	𝜌DL
	98.79%
	98.59%
	96.37%
	98.68%
	98.39%
	95.55%

	𝜌UL
	99.27%
	99.14%
	96.83%
	99.26%
	98.88%
	95.81%

	BO
	16.04%
	35.34%
	57.44%
	17.11%
	35.40%
	60.35%

	Additional report/notes:
BW = 2GHz, FTP3 traffic file size = 27Mbyte, Fixed CW = 127, two operator, MCOT=5ms; 7 site deployment.



Table 08. System level evaluation results for outdoor scenario B (7 site, directional LBT and receiver assisted LBT)
	Cases
	directional LBT schemes
	 receiver-assisted LBT

	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
	1286.7
	750.8
	179.2
	1385.6
	743.9
	198.2

	
	50%ile
	3934.1
	3258.1
	2643.7
	3926.1
	3299.0
	2705

	
	95%ile
	7085.9
	6762.7
	6671.5
	6938.1
	6748.1
	6514

	
	mean
	4109.5
	3485.6
	2934.1
	4110.0
	3520.0
	2933.3

	DL delay (s)
	5%ile
	0.0301
	0.0315
	0.0317
	0.0306
	0.0316
	0.0327

	
	50%ile
	0.0548
	0.0656
	0.0798
	0.0546
	0.0643
	0.0787

	
	95%ile
	0.1482
	0.2616
	0.6793
	0.1527
	0.2618
	0.6499

	
	mean
	0.0672
	0.1009
	0.1808
	0.0670
	0.0996
	0.1757

	UL UPT (Mbps)
	5%ile
	2126.9
	1082.2
	245.9
	2285.2
	1091.7
	274.1

	
	50%ile
	6214.7
	5064.6
	3816.0
	6363.7
	5151.7
	3903.9

	
	95%ile
	8849.0
	8607.6
	8455.1
	9595.1
	8640.3
	8491.6

	
	mean
	5873.7
	5085.0
	4157.8
	5947.3
	5124.8
	4216.9

	UL delay (s)
	5%ile
	0.0242
	0.0248
	0.0263
	0.0223
	0.0247
	0.0252

	
	50%ile
	0.0343
	0.0423
	0.0576
	0.0336
	0.0417
	0.0544

	
	95%ile
	0.0975
	0.1876
	0.5191
	0.0916
	0.1835
	0.5068

	
	mean
	0.0458
	0.0686
	0.1359
	0.0445
	0.0681
	0.1290

	Arrival rate (files/s)
	0.4
	0.8
	1.4
	0.4
	0.8
	1.4

	𝜌DL
	98.45%
	98.83%
	95.85%
	98.63%
	98.37%
	95.49%

	𝜌UL
	99.13%
	98.80%
	95.93%
	99.31%
	98.89%
	96.01%

	BO
	17.51%
	35.84%
	61.15%
	17.32%
	35.93%
	60.93%

	Additional report/notes:
BW = 2GHz, FTP3 traffic file size = 27Mbyte, Fixed CW = 127, two operator, MCOT=5ms; 7 site deployment.



Table 09. System level evaluation results for indoor scenario A (InH mixed, no-LBT and omni-directional LBT)
	Cases
	no-LBT
	 omni-directional LBT

	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
	346.9
	150.2
	62.9
	339.6
	145.6
	60.7

	
	50%ile
	1141.5
	764.6
	597.5
	1077.0
	726.0
	578.8

	
	95%ile
	1851.6
	1848.6
	1841.6
	1786.7
	1768.5
	1751.1

	
	mean
	1105.3
	846.8
	701.5
	1057.6
	805.6
	669.1

	DL delay (s)
	5%ile
	0.0346
	0.0353
	0.0404
	0.0361
	0.0371
	0.0421

	
	50%ile
	0.0543
	0.0811
	0.1034
	0.0574
	0.0858
	0.1080

	
	95%ile
	0.2901
	0.7812
	1.7303
	0.3024
	0.8198
	1.7773

	
	mean
	0.1062
	0.2269
	0.3583
	0.1086
	0.2320
	0.3627

	UL UPT (Mbps)
	5%ile
	279.7
	123.7
	46.8
	271.3
	108.8
	37.5

	
	50%ile
	1071.6
	753.1
	590.5
	1018
	697.7
	554.5

	
	95%ile
	1973.5
	1969.3
	1943.5
	1886.5
	1865.4
	1825.6

	
	mean
	1076.8
	846.3
	701.9
	1021.9
	792.7
	659.9

	UL delay (s)
	5%ile
	0.0325
	0.0346
	0.0391
	0.0342
	0.0366
	0.0415

	
	50%ile
	0.0573
	0.0823
	0.1054
	0.0603
	0.0897
	0.1121

	
	95%ile
	0.4021
	1.1329
	2.2083
	0.4133
	1.2521
	2.4032

	
	mean
	0.1378
	0.2777
	0.4186
	0.1446
	0.2981
	0.4457

	Arrival rate (files/s)
	0.25
	0.6
	0.8
	0.25
	0.6
	0.8

	𝜌DL
	99.37%
	97.46%
	94.91%
	99.33%
	97.43%
	94.77%

	𝜌UL
	98.15%
	96.48%
	93.69%
	98.11%
	96.23%
	93.12%

	BO
	20.19%
	45.88%
	58.88%
	21.01%
	47.36%
	59.9%

	Additional report/notes:
BW = 400MHz, FTP3 traffic file size = 8Mbyte, Fixed CW = 127, two operator, MCOT=5ms; BS to UE: InH mixed office channel.



Table 10. System level evaluation results for indoor scenario A (InH mixed, directional LBT and receiver assisted LBT)
	Cases
	directional LBT schemes
	 receiver-assisted LBT

	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
	332.5
	145.6
	59.7
	350.1
	165.6
	76.05

	
	50%ile
	1072.7
	729.1
	573.7
	1067.2
	753.9
	624.6

	
	95%ile
	1787.5
	1770.5
	1751.1
	1784.7
	1770.2
	1759.3

	
	mean
	1056.1
	805.5
	668.31
	1057.5
	821.0
	699.1

	DL delay (s)
	5%ile
	0.0361
	0.0370
	0.0421
	0.0361
	0.0369
	0.0406

	
	50%ile
	0.0576
	0.0856
	0.1078
	0.0583
	0.0814
	0.1000

	
	95%ile
	0.3016
	0.8349
	1.7601
	0.2941
	0.6925
	1.4098

	
	mean
	0.1104
	0.2334
	0.3629
	0.1045
	0.2196
	0.3192

	UL UPT (Mbps)
	5%ile
	261.1
	108.7
	38.2
	273.7
	114.2
	44.23

	
	50%ile
	1016.5
	699.4
	557.0
	1025.8
	723.6
	594.1

	
	95%ile
	1885.7
	1862.6
	1819.1
	1887.3
	1867.5
	1843.5

	
	mean
	1021.7
	790.9
	659.8
	1032.6
	810.4
	684.9

	UL delay (s)
	5%ile
	0.0343
	0.0367
	0.0416
	0.0342
	0.0361
	0.0404

	
	50%ile
	0.0605
	0.0890
	0.1118
	0.0599
	0.0855
	0.1039

	
	95%ile
	0.4228
	1.2325
	2.3873
	0.4007
	1.0162
	2.0620

	
	mean
	0.1452
	0.2970
	0.4438
	0.1371
	0.2713
	0.4056

	Arrival rate (files/s)
	0.25
	0.6
	0.8
	0.25
	0.6
	0.8

	𝜌DL
	99.33%
	97.43%
	94.81%
	99.38%
	97.44%
	95.35%

	𝜌UL
	98.11%
	96.32%
	93.18%
	98.25%
	96.54%
	93.70%

	BO
	21.04%
	47.4%
	59.8%
	21.24%
	47.41%
	59.83%

	Additional report/notes:
BW = 400MHz, FTP3 traffic file size = 8Mbyte, Fixed CW = 127, two operator, MCOT=5ms; BS to UE: InH mixed office channel.
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