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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#103-e and RAN #90-e, subcarrier spacing of 120 kHz with NCP is recommended to be supported and PTRS enhancement needs to be studied in WI. For unlicensed spectrum, channel access mechanism assuming beam based operation is also recommend to be studied [1][2]. Following the agreed objectives, we provide new results to study the PTRS pattern enhancement for 120 kHz SCS for PDSCH/PUSCH in link level evaluation and channel access mechanism under indoor 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]

	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)

	System BW
	400MHz：4096 FFT size

	Transmission BW
	64 RBs for CP-OFDM
256 RBs for DFT-s-OFDM

	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  or 16*2

	Receiver 
	ICI compensation

	Channel estimation 
	Realistic



Simulation results 
PDSCH
To analyze the necessity of ICI compensation for different SCS, BLER performance comparison for CPE compensation and ICI compensation are evaluated. The results are shown in Figure 1 from which we can observe that the ICI compensation provides sufficient benefits for BLER performance in 960 kHz SCS and reduces the error floor to at least lower than 1% under a high MCS, where the equivalent power of ICI caused by phase noise is comparable with or larger than the noise power in a high SNR region.
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[bookmark: _Ref60824523]Figure 1. BLER performance comparison between CPE and ICI compensation
For ICI compensation, the use of enhanced block PTRS is an intuitive solution. BLER performance and SE performance comparisons of block PTRS and Rel-15 PTRS are provided in Figure 2 and Figure 3 respectively, where every K-th (K=4) RB is used to map Rel-15 PTRS, CN means block number per OFDM symbol, and CS means block size per PTRS block. By simply putting PTRS REs together in a block, the BLER performance is slightly worse than that of the distributed Rel-15 PTRS: about 0.6dB loss at BLER of 1% is observed. However, when a special sequence (denoted as S-Seq in the figure legend) which has a constant module in both time domain and frequency domain is used with block PTRS, the performance of block PTRS is significantly improved and becomes about 0.3dB better than that of Rel-15 PTRS. Similar observations can be made for SE performance.
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Figure 2. BLER performance comparison between block PTRS and distributed PTRS
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Figure 3. SE performance comparison between block PTRS and distributed PTRS
As analyzed in our companion contribution [3], power boosting cannot work effectively for the distributed PTRS as most of the received signal used to estimate ICI coefficients are from unknown data signal. However, this problem can be avoid by block PTRS, where most of the received signal used to estimate ICI coefficients are from PTRS with power boosting. Additional simulations were performed to verify the effectiveness of power boosting for both distributed PTRS and block PTRS. The results are shown in Figure 4 and Figure 5. As can be observed in Figure 4 and Figure 5, performance of power-boosted block PTRS is improved significantly and the demodulation SNR at BLER of 1% is decreased about 0.6~0.7dB when compared with no power boosting (shown in Figure 1). The result is also slightly better than that of Rel-15 PTRS even when the sequence defined in Rel-15 is used for block PTRS.
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Figure 4. BLER performance comparison between block PTRS and distributed PTRS with 3dB power boosting
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Figure 5. SE performance comparison between block PTRS and distributed PTRS with 3dB power boosting
Observation 1: Block PTRS with the sequence defined in Rel-15 performs a little worse than distributed PTRS defined in Rel-15 without power boosting. However, if sequence with constant modulus in time domain is used, both BLER and SE performance are better than that of distributed PTRS.
Observation 2: If power boosting is used, block PTRS with the sequence defined in Rel-15 performs a little better than distributed PTRS defined in Rel-15. The performance gap can be increased further by using a sequence with constant modulus in time domain for block PTRS.
PUSCH
The performance of block PTRS can be extended to PUSCH of CP-OFDM directly. Therefore, only the evaluation results of PTRS for DFT-s-OFDM are shown in details in this section.
As discussed before[4], the PTRS pattern of DFT-s-OFDM defined in Rel-15 is insufficient when 120 kHz is used with a wide scheduled bandwidth and a high scheduled MCS due to the long interpolation range between two adjacent PTRS groups. As a solution to this problem, a new pattern with the same PTRS overhead as (CN, CS) = 8*4 is evaluated which has more PTRS groups and fewer PTRS samples per PTRS group where CN means , CS means .
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Figure 6. BLER performance comparison of different PTRS pattern for 120 kHz
As the results in Figure 5 for different delay spreads show, the new pattern provides significant gains for high MCS: With half of the interpolation range of pattern (CN, CS) = 8*4, the new pattern improves the BLER floor at least one order of magnitude. For medium MCS, its performance is almost the same as that of pattern (CN, CS) = 8*4 due to a worse noise reduction performance with only 2 PTRS samples per PTRS group at medium SNR region.
Observation 3: Simulation results for DFT-s-OFDM with different PTRS patterns show that, if the pattern defined in Rel-15 is used, BLER performance of 120 kHz for 64QAM reaches a floor above 10-2 due to a longer interpolation range. BLER performance can be improved by using a new pattern with more PTRS groups. 
[bookmark: _Ref129681832]Assumptions and results for system level evaluation 
In RAN1 #103-e and RAN #90-e, it was agreed that both LBT mode and no-LBT mode are recommended to be supported to cover a wide range of use cases and regulatory requirements. For LBT mode, the channel access mechanism defined in EN302 567[5] has been identified as the baseline and enhancements have been identified for further discussion. In the revised WID, objectives were set to specify both LBT and No-LBT related procedure, and to study, and if needed specify, omni-direction LBT, direction LBT and receiver assistance in channel access.  In this section, we mainly study the receiver-assisted/receiver-only LBT and provided some simulation results for indoor scenario A.
Simulation assumptions for indoor scenario A
	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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	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
	2000MHz

	Numerology
	960kHz for 2000MHz

	Carrier frequency 
	60GHz

	Channel model
	InH 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
or (M, N, P, Mg, Ng)  = (4, 4, 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
or  (M, N, P, Mg, Ng) = (1, 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



Observations regarding Receiver-assisted/receiver-only LBT performance
Impact of number of gNB/UE antennas on Receiver-assisted/receiver-only LBT performance
Table 1. Antenna configuration for indoor scenario
	gNB/UE antenna configuration
	gNB antenna configuration
	UE antenna configuration

	Baseline assumption in TR38.808
	M, N, P, Mg, Ng)  = (4, 8, 2, 1, 1)
	(M, N, P, Mg, Ng) = (2, 2, 2, 1, 2)

	Assumption of low-cost devices
	(M, N, P, Mg, Ng)  = (4, 4, 2, 1, 1)
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 2)



In TR38.808, 64 antenna elements and 8 antenna elements are configured for gNB and UE, respectively, as the baseline SLS assumption in the indoor scenario. The probability of experiencing significant interference levels form hidden nodes is low under the current baseline assumption, mainly due to the narrow analog transmission beamwidth. However, in practice, a low-cost device may be equipped with a smaller number of antennas and wider transmission beams would have to be used. The performance of different antenna configuration assumptions as illustrated in Table 1 are thus evaluated.
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Figure 7 shows the average and fifth percentile DL and UL user perceived throughput (UPT) under the baseline SLS assumption for No-LBT/Omni-directional LBT/Directional LBT/Received-assisted LBT/Receiver-only LBT in indoor scenario A with InH open channel models for BS to UE links. Table 2 shows the related results and gains at high traffic load. More detailed results could be found in Appendix B, Tables 04 to 06, respectively. More details of the receiver-assisted and receiver-only LBT mechanisms could be found in our companion contribution [6].We assume that the CW is set to a fixed value of 5 observation slots and MCOT equals 5ms. We also assume that the EDT used for the Rx-side LBT procedure before sending CTS with interference level feedback in receiver-assisted/receiver-only LBT is the same as the baseline EDT (-47dBm). Antenna directional gain is also considered in the EDT calculation.
Figure 8 illustrates the average and fifth percentile DL and UL UPT under the assumption of a reduced antenna elements for No LBT/Omni-directional LBT/Directional LBT/received-assisted LBT/receiver-only directional LBT in indoor scenario A with InH open channel models for BS to UE links. Table 3 shows the related results and gains at high traffic load. More detailed results could be found in Appendix B, Tables 07 to 09, respectively.
According to the above evaluation results, receiver-only LBT has the best performance compared to other channel access types in fifth percentile DL and UL UPT. The gain of receiver-only LBT compared to No LBT could be 177% in DL and 75% in UL for cell edge at high traffic load under the baseline assumption. In turn, the gain of receiver-only LBT compared to No LBT could be  291% in DL and 103% in UL for cell edge at high traffic load when reduced number of antenna elements are configured.
Table 2. Performance of various channel access type at high traffic load (64 antenna elements for gNB, 8 antenna elements for UE)
	Channel access type/User throughput(Mbps)
	DL mean UPT
	UL mean UPT
	DL 5%
UPT
	UL 5%
UPT
	Gain of DL mean UPT
w.r.t No-LBT
	Gain of UL mean UPT
w.r.t No-LBT
	Gain of 5% DL UPT
w.r.t No-LBT
	Gain of 5% UL UPT
w.r.t No-LBT

	No-LBT
	2388.7
	1521.8
	85.7
	86.6
	
	
	
	

	Directional LBT
	2446.7
	1521.1
	101.3
	82.3
	2%
	0%
	18%
	-5%

	Omni-dir LBT
	2452.9
	1538
	95.9
	89.8
	3%
	1%
	12%
	4%

	Receiver-assisted LBT
	2494.2
	1607.9
	191.7
	145.6
	4%
	6%
	123%
	68%

	Receiver-only LBT
	2715.7
	1637.6
	237.6
	151.5
	14%
	8%
	177%
	75%



Table 3. Performance of various channel access type at high traffic load (32 antenna elements for gNB, 4 antenna elements for UE)
	Channel access type/User throughput(Mbps)
	DL mean UPT
	UL mean UPT
	DL 5%
UPT
	UL 5%
UPT
	Gain of DL mean UPT
	Gain of UL mean UPT
	Gain of 5% DL UPT
	Gain of 5% UL UPT

	No-LBT
	1842.4
	1208.4
	34.7
	44.5
	
	
	
	

	Directional LBT
	1852.7
	1193.5
	39.3
	16.6
	1%
	-1%
	13%
	-37%

	Omni-dir LBT
	1964.1
	1218.8
	52.4
	40.9
	7%
	1%
	51%
	-8%

	Receiver-assisted LBT
	2033.6
	1299.1
	88.9
	76.4
	10%
	8%
	156%
	72%

	Receiver-only LBT
	2215.7
	1340
	135.6
	90.4
	20%
	11%
	291%
	103%
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Figure 7. Simulation results with various channel access mechanism for 60GHz band in indoor scenario-A(64 antenna elements for gNB, 8 antenna elements for UE)
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Figure 8. Simulation results with various channel access mechanism for 60GHz band in indoor scenario-A (32 antenna elements for gNB, 4 antenna elements for UE)
Observation 4: Reducing the number of antenna elements by 50 percent (32 for gNB and 4 for UE) compared to the baseline assumption in TR38.808 for the indoor scenario increases the probability of hidden nodes. This results in significantly more gains at DL cell-edge in Receiver-assisted/Receiver-only LBT compared to No-LBT.
Impact of EDT of Rx-side LBT on Receiver-assisted LBT performance
For receiver-assisted/receiver-only LBT,  EDT_Rx = -71dBm + 10log10 (BW/2GHz) + offset_dB was assumed at the UE side for LBT before assistance information reporting or at gNB for directional sensing in direction of potential PUSCH transmission from the corresponding UE.  The intuition is that, for the DL for instance, the maximum tolerable interference at a receiving UE could be defined as offset_dB above the minimum received power level from the serving gNB, i.e., the minimum association threshold agreed for SLS assumptions -71dBm + 10log10 (BW/2GHz).  Figure 9 illustrates the average and fifth percentile DL and UL user throughput for different EDT_Rx threshold at receiver side in indoor scenario A at medium traffic load. The performances of both mean and fifth percentile do not degrade when EDT_Rx becomes lower. In this evaluation, we assume that the interference level is reported to the transmitter. 
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Figure 9. Simulation results with different EDT_Rx threshold in receiver assisted LBT in scenario-A
Observation 5: For Receiver-assisted LBT, if the interference level at the receiver is reported to gNB  (for DL) or assessed by gNB (for UL) when the corresponding LBT procedure is successful, reducing EDT results in more LBT failures and less number of interference assessment/report. However, this does not considerably change the UPT performance if gNB uses the reported/assessed interference levels to prioritize UE scheduling.  
Impact of receiver assistance information on Receiver-assisted LBT performance in DL 
Table 4 shows the performance of the average and fifth percentile DL UPT if only CTS/idle indication is fed back when the interference level sensed by the UE in certain directional beam is lower than the EDT_Rx. Table 3 also compares these results with the corresponding results where the actual interference levels are also fed back to the gNB along with the one-bit CTS indication. As can be observed from the table, sending CTS/idle indication along with actual interference level would be beneficial since gNB can use the reported interference levels to prioritize scheduling the UEs. The gain of reporting actual interference level increases when a higher EDT_Rx is used. It is due to the fact that when a higher EDT_Rx is used, more UEs pass the CCA. In such a case, gNB has more potential UEs to schedule. However, if only one-bit CTS information is fed back from the UEs, gNB has no means to properly prioritize scheduling the UEs among the UE candidates based on their interference level and, as the number of candidates for scheduling increases, the used scheduling scheme based only on one-bit feedback CTS becomes increasing sub-optimal.
Table 4. Simulation results with different EDT_Rx and feedback information in DL receiver assisted LBT in indoor scenario-A
	EDT_Rx(dBm)
	-47
	 -51
	-61

	User perceived  throughput(Mbps)
	Mean DL UPT
	5% DL UPT
	Mean DL UPT
	5% DL UPT
	Mean DL UPT
	5% DL UPT

	CTS/idle indication with actual interference level reporting
	3873.5
	559.5
	3875.8
	566.6
	3832.6
	563.7

	Only CTS/idle indication reporting
	3528.2
	377.4
	3551.1
	419.5
	3771.9
	550.1

	Relative Loss 
	-9%
	-33%
	-8%
	-26%
	-2%
	-2%



[bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: _GoBack]Observation 6: If the EDT_Rx threshold used at the receiver in Receiver-assisted LBT is increased, the DL cell-edge performance degrades when only CTS/idle indication (and not actual interference level) is fed back to the gNB after CCA assessment.
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: Block PTRS with the sequence defined in Rel-15 performs a little worse than distributed PTRS defined in Rel-15 without power boosting. However, if sequence with constant modulus in time domain is used, both BLER and SE performance are better than that of distributed PTRS.
Observation 2: If power boosting is used, block PTRS with the sequence defined in Rel-15 performs a little better than distributed PTRS defined in Rel-15. The performance gap can be increased further by using a sequence with constant modulus in time domain for block PTRS.
Observation 3: Simulation results for DFT-s-OFDM with different PTRS patterns show that, if the pattern defined in Rel-15 is used, BLER performance of 120 kHz for 64QAM reaches a floor above 10-2 due to a longer interpolation range. BLER performance can be improved by using a new pattern with more PTRS groups. 
Observation 4: Reducing the number of antenna elements by 50 percent (32 for gNB and 4 for UE) compared to the baseline assumption in TR38.808 for the indoor scenario increases the probability of hidden nodes. This results in significantly more gains at DL cell-edge in Receiver-assisted/Receiver-only LBT compared to No-LBT.
Observation 5: For Receiver-assisted LBT, if the interference level at the receiver is reported to gNB  (for DL) or assessed by gNB (for UL) when the corresponding LBT procedure is successful, reducing EDT results in more LBT failures and less number of interference assessment/report. However, this does not considerably change the UPT performance if gNB uses the reported/assessed interference levels to prioritize UE scheduling.  
Observation 6: If the EDT_Rx threshold used at the receiver in Receiver-assisted LBT is increased, the DL cell-edge performance degrades when only CTS/idle indication (and not actual interference level) is fed back to the gNB after CCA assessment.
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Appendix A.
Table 01 SINR in dB achieving PDSCH/PUSCH BLER of 10% /1% for CP-OFDM and different phase noise compensation method at MCS28 for 960 kHz
	Channel
	CPE compensation
	ICI compensation

	CDL-B, 20ns
	NAN/NAN
	25.2/30.5

	CDL-D, 20ns
	26/NAN
	19.7/21.3



[bookmark: OLE_LINK10]
Table 02: SINR in dB achieving PDSCH/PUSCH BLER of 10% /1% for CP-OFDM and different PTRS patterns at MCS22
	Channel
	Power boosting value
	Rel-15 PTRS
	Block-PTRS
	Block PTRS with special sequence

	CDL-B, 20ns
	Without power boosting
	17.7/21.9
	17.8/22.6
	17.2/21.5

	
	Power boosting 3dB
	17.7/22.0
	17.1/21.3
	16.7/20.7

	CDL-D, 20ns
	Without power boosting
	13.9/14.8
	14.2/15.4
	13.6/14.5

	
	Power boosting 3dB
	13.9/14.8
	13.6/14.6
	13.2/14.1



Table 03: SINR in dB achieving PUSCH BLER of 10% /1% for DFT-s-OFDM and different PTRS patterns
	MCS
	Channel
	120 kHz@400 MHz

	
	
	(CN, CS) = 8*4
	(CN, CS) = 16*2

	16
	CDL-B, 20ns
	12.1/13.7
	12.5/14.1

	
	CDL-B, 50ns
	12.1/13.2
	12.3/13.6

	22
	CDL-B, 20ns
	20.9/NAN
	18.5/20.5

	
	CDL-B, 50ns
	21.4/NAN
	18.1/20.0




Appendix B.
[bookmark: _Ref48248896][bookmark: OLE_LINK6]Table 04. 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
	1570.8
	456.8
	85.7
	1506.8
	490.0
	95.9

	
	50%ile
	5647.9
	3130.5
	1630.7
	5656.8
	3153.5
	1712.7

	
	95%ile
	8913.9
	8901.2
	8155.6
	8929.5
	8914.1
	8080.0

	
	mean
	5424.9
	3894.8
	2388.7
	5407.0
	3938.5
	2452.9

	DL delay (s)
	5%ile
	0.0242
	0.0243
	0.0264
	0.0242
	0.0242
	0.0258

	
	50%ile
	0.0380
	0.0682
	0.1298
	0.0381
	0.0676
	0.1236

	
	95%ile
	0.1415
	0.4434
	1.3619
	0.1433
	0.4190
	1.2857

	
	mean
	0.0571
	0.1383
	0.4710
	0.0570
	0.1318
	0.4465

	UL UPT (Mbps)
	5%ile
	915.6
	310.5
	86.7
	899.0
	329.8
	89.8

	
	50%ile
	2740.6
	2070.7
	1329.6
	2700.5
	2060.4
	1372.9

	
	95%ile
	4500.4
	4235.8
	3676.1
	4429.1
	4175.5
	3678.3

	
	mean
	2680.1
	2106.7
	1521.8
	2635.4
	2090.3
	1538.0

	UL delay (s)
	5%ile
	0.0480
	0.0498
	0.0565
	0.0487
	0.0505
	0.0572

	
	50%ile
	0.0783
	0.1034
	0.1549
	0.0798
	0.1038
	0.1527

	
	95%ile
	0.2326
	0.6326
	1.4036
	0.2360
	0.6097
	1.3439

	
	mean
	0.1013
	0.2031
	0.4990
	0.1027
	0.2028
	0.4878

	Arrival rate (files/s)
	0.4
	0.8
	1.2
	0.4
	0.8
	1.2

	𝜌DL
	99.60%
	98.78%
	92.27%
	99.59%
	98.90%
	92.45%

	𝜌UL
	99.04%
	98.39%
	91.80%
	99.07%
	98.40%
	92.02%

	BO
	22%
	48%
	70%
	22%
	48%
	69%

	Additional report/notes:
BW = 2GHz, FTP3 traffic file size = 27Mbyte, Fixed CW = 5, two operator, MCOT=5ms; BS to UE: InH open office channel. Antenna Configuration: (M, N, P, Mg, Ng)  = (4, 8, 2, 1, 1), Dh = Dv = 0.5 λ for gNB. (M, N, P, Mg, Ng) = (2, 2, 2, 1, 2), Dh = Dv = 0.5 λ for UE. MIMO: single layer



Table 05. 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
	1536.6
	486.6
	101.3
	1572.3
	559.5
	191.7

	
	50%ile
	5728.0
	3148.4
	1715.4
	5610.2
	3186.3
	1880.3

	
	95%ile
	8929.2
	8912.7
	8057.0
	8359.5
	8337.7
	7802.4

	
	mean
	5432.0
	3928.0
	2446.7
	5304.3
	3873.5
	2494.2

	DL delay (s)
	5%ile
	0.0242
	0.0242
	0.0257
	0.0258
	0.0259
	0.0269

	
	50%ile
	0.0375
	0.0676
	0.1225
	0.0383
	0.0669
	0.1129

	
	95%ile
	0.1403
	0.4190
	1.1880
	0.1367
	0.3723
	0.8499

	
	mean
	0.0564
	0.1322
	0.4309
	0.0557
	0.1228
	0.3813

	UL UPT (Mbps)
	5%ile
	896.6
	318.9
	82.0
	961.9
	376.6
	145.6

	
	50%ile
	2703.0
	2053.8
	1350.8
	2741.9
	2125.2
	1435.6

	
	95%ile
	4427.9
	4156.9
	3674.3
	4429.3
	4331.7
	3756.6

	
	mean
	2639.0
	2086.1
	1521.1
	2698.9
	2157.0
	1607.9

	UL delay (s)
	5%ile
	0.0487
	0.0504
	0.0570
	0.0487
	0.0493
	0.0565

	
	50%ile
	0.0795
	0.1042
	0.1550
	0.0781
	0.1008
	0.1463

	
	95%ile
	0.2359
	0.6222
	1.3580
	0.2160
	0.5311
	1.0102

	
	mean
	0.1025
	0.2022
	0.4940
	0.0989
	0.1838
	0.4269

	Arrival rate (files/s)
	0.4
	0.8
	1.2
	0.4
	0.8
	1.2

	𝜌DL
	99.60%
	98.89%
	92.80%
	99.59%
	98.98%
	93.54%

	𝜌UL
	99.07%
	98.44%
	91.67%
	99.10%
	98.64%
	93.06%

	BO
	22%
	48%
	70%
	23%
	48%
	70%

	Additional report/notes:
BW = 2GHz, FTP3 traffic file size = 27Mbyte, Fixed CW = 127, two operator, MCOT=5ms; BS to UE: InH open office channel. Antenna Configuration: (M, N, P, Mg, Ng)  = (4, 8, 2, 1, 1), Dh = Dv = 0.5 λ for gNB. (M, N, P, Mg, Ng) = (2, 2, 2, 1, 2), Dh = Dv = 0.5 λ for UE. MIMO: single layer



Table 06. System level evaluation results for indoor scenario A (receiver-only directional LBT)
	Cases
	receiver-only 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
	1694.6
	624.5
	237.6

	
	50%ile
	6044.3
	3499.3
	2035.2

	
	95%ile
	8957.8
	8858.4
	8566.0

	
	mean
	5675.1
	4170.1
	2715.7

	DL delay (s)
	5%ile
	0.0241
	0.0244
	0.0248

	
	50%ile
	0.0356
	0.0609
	0.1104

	
	95%ile
	0.1273
	0.3372
	0.7293

	
	mean
	0.0521
	0.1135
	0.3369

	UL UPT (Mbps)
	5%ile
	973.0
	383.6
	151.5

	
	50%ile
	2762.1
	2179.3
	1472.7

	
	95%ile
	4431.0
	4335.5
	3787.7

	
	mean
	2708.9
	2186.9
	1637.6

	UL delay (s)
	5%ile
	0.0487
	0.0492
	0.0559

	
	50%ile
	0.0776
	0.0986
	0.1429

	
	95%ile
	0.2122
	0.5235
	0.9657

	
	mean
	0.0983
	0.1802
	0.4157

	Arrival rate (files/s)
	0.4
	0.8
	1.2

	𝜌DL
	99.63%
	99.15%
	94.43%

	𝜌UL
	99.10%
	98.67%
	93.34%

	BO
	22%
	47%
	68%

	Additional report/notes:
BW = 2GHz, FTP3 traffic file size = 27Mbyte, two operator, MCOT=5ms; BS to UE: InH open office channel. Antenna Configuration: (M, N, P, Mg, Ng)  = (4, 8, 2, 1, 1), Dh = Dv = 0.5 λ for gNB. (M, N, P, Mg, Ng) = (2, 2, 2, 1, 2), Dh = Dv = 0.5 λ for UE. MIMO: single layer 


Table 07. 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
	1521.7
	441.2
	34.7
	1583.4
	456.9
	52.4

	
	50%ile
	5043.8
	2906.9
	1145.7
	5053.4
	3015.4
	1223.9

	
	95%ile
	8910.1
	8626.6
	6789.3
	8927.6
	8851.4
	6963.3

	
	mean
	5083.6
	3517.4
	1842.4
	5149.1
	3590.2
	1964.1

	DL delay (s)
	5%ile
	0.0242
	0.0249
	0.0313
	0.0242
	0.0243
	0.0304

	
	50%ile
	0.0427
	0.0732
	0.1813
	0.0424
	0.0707
	0.1684

	
	95%ile
	0.1399
	0.4582
	1.8838
	0.1346
	0.4381
	1.7086

	
	mean
	0.0581
	0.1387
	0.6160
	0.0569
	0.1359
	0.5564

	UL UPT (Mbps)
	5%ile
	923.9
	301.5
	44.5
	902.6
	334.5
	40.9

	
	50%ile
	2410.6
	1716.5
	946.9
	2379.6
	1784.9
	970.7

	
	95%ile
	4447.3
	3841.6
	3240
	4383.4
	3804.6
	3236.9

	
	mean
	2474.2
	1882.6
	1208.4
	2436.5
	1884.3
	1218.8

	UL delay (s)
	5%ile
	0.0481
	0.0557
	0.0650
	0.0491
	0.0557
	0.0648

	
	50%ile
	0.0890
	0.1206
	0.2171
	0.0898
	0.1199
	0.2120

	
	95%ile
	0.2269
	0.6403
	2.002
	0.2325
	0.5775
	2.0632

	
	mean
	0.1066
	0.2054
	0.6635
	0.1082
	0.1986
	0.6692

	Arrival rate (files/s)
	0.25
	0.6
	1.0
	0.25
	0.6
	1.0

	𝜌DL
	99.70%
	98.67%
	89.27%
	99.68%
	98.43%
	89.98%

	𝜌UL
	98.79%
	98.26%
	89.66%
	98.79%
	98.08%
	89.49%

	BO
	16%
	45%
	74%
	16%
	44%
	72%

	Additional report/notes:
BW = 2GHz, FTP3 traffic file size = 27Mbyte, Fixed CW = 5, two operator, MCOT=5ms; BS to UE: InH open office channel. Antenna Configuration: (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), Dh = Dv = 0.5 λ for gNB. (M, N, P, Mg, Ng) = (1, 2, 2, 1, 2), Dh = Dv = 0.5 λ for UE. MIMO: single layer



Table 08. 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
	1581.3
	328.9
	39.3
	1591.0
	506.1
	88.9

	
	50%ile
	4862.9
	2696.7
	1178.4
	5149.8
	3037.9
	1400

	
	95%ile
	8923.7
	8841.6
	6820.2
	8348.1
	8284.5
	6685.9

	
	mean
	5070.8
	3423.3
	1852.7
	5044.8
	3568.9
	2033.6

	DL delay (s)
	5%ile
	0.0242
	0.0243
	0.0313
	0.0259
	0.0260
	0.0317

	
	50%ile
	0.0439
	0.0794
	0.1754
	0.0418
	0.0698
	0.1489

	
	95%ile
	0.1337
	0.5506
	1.7758
	0.1335
	0.3909
	1.2342

	
	mean
	0.0569
	0.1625
	0.6028
	0.0563
	0.1259
	0.4852

	UL UPT (Mbps)
	5%ile
	913.6
	282.4
	16.6
	987.4
	366.3
	76.4

	
	50%ile
	2359.1
	1695.8
	950.9
	2427.1
	1861.2
	1067.5

	
	95%ile
	4346.9
	3780.7
	3142.6
	4388.0
	3823.8
	3347.9

	
	mean
	2410.8
	1829.2
	1193.5
	2485.1
	1942.1
	1299.1

	UL delay (s)
	5%ile
	0.0492
	0.0568
	0.0663
	0.0491
	0.0548
	0.0629

	
	50%ile
	0.0913
	0.1250
	0.2177
	0.0870
	0.1148
	0.1953

	
	95%ile
	0.2320
	0.6401
	2.1766
	0.2158
	0.5371
	1.5271

	
	mean
	0.1092
	0.2203
	0.6956
	0.1047
	0.1871
	0.5598

	Arrival rate (files/s)
	0.25
	0.6
	1.0
	0.25
	0.6
	1.0

	𝜌DL
	99.70%
	98.34%
	89.19%
	99.68%
	98.60%
	91.22%

	𝜌UL
	99.00%
	97.86%
	88.13%
	98.79%
	98.37%
	91.28%

	BO
	16%
	46%
	73%
	16%
	44%
	72%

	Additional report/notes:
BW = 2GHz, FTP3 traffic file size = 27Mbyte, Fixed CW = 127, two operator, MCOT=5ms; BS to UE: InH open office channel. Antenna Configuration: (M, N, P, Mg, Ng) = (4, 4, 2, 1, 1), Dh = Dv = 0.5 λ for gNB. (M, N, P, Mg, Ng) = (1, 2, 2, 1, 2), Dh = Dv = 0.5 λ for UE. MIMO: single layer



Table 09. System level evaluation results for indoor scenario A (receiver-only directional LBT)
	Cases
	receiver-only 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
	1782.7
	586.0
	135.6

	
	50%ile
	5568.2
	3326.4
	1514.8

	
	95%ile
	8863.0
	8813.6
	7150.0

	
	mean
	5402.7
	3857.1
	2215.7

	DL delay (s)
	5%ile
	0.0244
	0.0245
	0.0297

	
	50%ile
	0.0386
	0.0634
	0.1372

	
	95%ile
	0.1195
	0.3514
	1.0153

	
	mean
	0.0517
	0.1148
	0.4364

	[bookmark: _Hlk61422764]UL UPT (Mbps)
	5%ile
	999.6
	397.9
	90.4

	
	50%ile
	2462.5
	1869.8
	1105.4

	
	95%ile
	4386.4
	3822.1
	3385.8

	
	mean
	2494.4
	1967.4
	1340.0

	UL delay (s)
	5%ile
	0.0491
	0.0543
	0.0618

	
	50%ile
	0.0866
	0.1143
	0.1875

	
	95%ile
	0.2096
	0.4987
	1.3874

	
	mean
	0.1038
	0.1805
	0.5289

	Arrival rate (files/s)
	0.25
	0.6
	1.0

	𝜌DL
	99.70%
	98.84%
	92.39%

	𝜌UL
	98.79%
	98.43%
	91.78%

	BO
	16%
	43%
	70%

	Additional report/notes:
BW = 2GHz, FTP3 traffic file size = 27Mbyte, two operator, MCOT=5ms; BS to UE: InH open office channel. Antenna Configuration: (M, N, P, Mg, Ng)  = (4, 4, 2, 1, 1), Dh = Dv = 0.5 λ for gNB. (M, N, P, Mg, Ng) = (1, 2, 2, 1, 2), Dh = Dv = 0.5 λ for UE. MIMO: single layer
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