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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#101-e, the link level and system level evaluation assumptions were agreed. BLER of PDSCH and PUSCH are expected to study the phase noise impairment impact for various numerologies. The system level evaluation in the scenarios of single and multiple operators could be used to analyze the system performance and coexistence behavior. In this paper, we provide both preliminary results of link level and system level evaluation according to simulation assumption agreed in [1].  
 
[bookmark: _Ref129681832]Assumptions and results for Link level evaluation 
Simulation assumptions
	Assumptions
	Value

	Carrier frequency
	60 GHz 

	Duplexing 
	TDD

	Waveform
	CP-OFDM

	Numerology
	[120 kHz 240 kHz 480 kHz 960 kHz 1920 kHz]

	UE antenna model
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 1) with (0.5 dv, 0.5 dH)

	TRP antenna model
	(M, N, P, Mg, Ng) = (4, 8, 2, 1, 1) with (0.5 dv, 0.5 dH)

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

	Channel coding
	LDPC code

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

	Transmission BW
	400MHz：256/128/64/32 PRB for 120/240/480/960KHz 
2GHz：160/80 PRB for 960kHz/1920kHz 

	TTI
	1 slot

	DMRS
	1/2 in frequency in each port

	PTRS
	[1/24] in frequency, [1] in time domain for OFDM 

	Receiver 
	CPE, ICI compensation

	Channel estimation 
	Realistic



Simulation results 
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Figure 1. BLER performance with different numerologies for QPSK and 16QAM 
(CDL-D DS=30ns, CPE compensation)
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Figure 2. BLER performance with different numerologies for 64QAM
 (CDL-D DS=30ns, CPE compensation)
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Figure 3. BLER performance with different numerologies for QPSK and 16QAM 
(CDL-B DS=20ns, CPE compensation)
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Figure 4. BLER performance with different numerologies for 64QAM 
(CDL-B DS=20ns, CPE compensation)
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Figure 5. BLER performance with different numerologies for QPSK and 16QAM 
(NCP, CDL-B DS=50ns, CPE compensation)
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Figure 6. BLER performance with different numerologies for 64QAM
(NCP，CDL-B DS=50ns, CPE compensation)
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Figure 7. BLER performance with different numerologies for QPSK and 16QAM
(ECP，CDL-B DS=50ns, CPE compensation)
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Figure 8. BLER performance with different numerology for 64QAM
(ECP，CDL-B DS=50ns, CPE compensation)
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Figure 9.  BLER performance with ICI compensation and CPE compensation 
(NCP, CDL-D DS=30ns, ICI compensation for 120/240 kHz, CPE compensation for 960 kHz)
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Figure 10.  BLER performance with ICI compensation and CPE compensation 
(NCP, CDL-B DS=20ns, ICI compensation for 120/240 kHz, CPE compensation for 960 kHz)
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Figure 11.  BLER performance with ICI compensation and CPE compensation 
(NCP, CDL-B DS=50ns, ICI compensation for 120/240 kHz, CPE compensation for 480/960 kHz)
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Figure 12.  BLER performance with ICI compensation and CPE compensation 
(ECP, CDL-B DS=50ns, ICI compensation for 120/240 kHz, CPE compensation for 480/960 kHz)
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Figure 13. BLER performance with different numerologies for 2GHz bandwidth 
(CDL-D DS=30ns, CPE compensation)
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Figure 14. BLER performance with different numerologies for 2GHz bandwidth 
(CDL-B DS=20ns, CPE compensation)
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Fig. 15: BLER performance with different ICI compensation order for 960 kHz (CDL-B DS=20ns)
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Fig. 16: BLER performance with ICI compensation using block PTRS and CPE compensation using 
Rel-15 PTRS for 960 kHz (CDL-B DS=50ns)
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Figure 17.  PN model in TR 38.803 and the real PN profile
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-PTRS enables ICI compensation for smaller SCSs and helps a smaller SCS to perform even better than a larger SCS.
Observation 2: If CDL-D DS=50ns channel model is considered, the CP length of subcarrier spacing larger than 240kHz is not sufficient to cover the delay spread.
Observation 3: From the analysis of BLER simulation results, a smaller SCS (120 kHz or 240 kHz) with NCP is the best solution considering the influence of phase noise and CP length if block PTRS for ICI compensation is introduced.
Assumptions and results for system level evaluation 
Simulation assumptions
	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-B: Office box 20m x 20 m, 1 BS per operator, 2 operator
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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 3m for scenario-A and B

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

	Carrier bandwidth
	2000MHz 

	Numerology
	960kHz

	Carrier frequency 
	60GHz

	Channel model
	InH model in 38.901

	Max. allowed BS Tx power
	 17dBm

	Max. allowed UE Tx Power
	 11dBm

	BS antenna configurations
	See 38.802 Table A.2.1-7 for ceiling mount

	UE antenna configuration
	See 38.802 Table A.2.1-8, boresight vertical to ground

	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 27 Mbytes. 

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption	
	Realistic

	Channel estimation
	Realistic/ideal 

	Traffic type
	50% DL, 50% UL



In RAN1 meeting #101e, simulation scenarios and assumptions were discussed. Scenario indoor-A was agreed as the primary scenario, scenario indoor-B was agreed as the secondary scenario, and whether scenario indoor-C is considered the primary or the secondary scenario is FFS. We provide the SLS results with various channel access mechanisms based on the three types of indoor scenarios. For indoor scenario with two operators where the minimum distance between operators within the virtual box is FFS, the value of 3m is used in the simulation.
Simulation results 
The results presented here are according to the SLS evaluation methodology agreed in [1] and the adaptivity rule specified in the current version of EN 302 567 [2]. To verify the impact of LBT on the performance of various antenna array configurations in 60GHz band, we provide some simulation results based on the Indoor-A/B/C scenarios. 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
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Figure 19. Simulation results with various channel access mechanism for 60GHz band in indoor scenario-B
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Figure 20. Simulation results with various channel access mechanism for 60GHz band in indoor scenario-C
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Figure 21. Serving link RSRP
Simulations in Figure 18, 19 and 20 show mean value of throughput and the 10th percentile user perceived throughput (UPT) for LBT schemes with both DL and UL FTP3 traffic loads with the file size of 27Mbytes for all three indoor scenarios. 
The serving link RSRP CDF is shown in Figure 21. Three traffic load points were simulated with low (0.25 packets/s/user), medium (0.6packets/s/user), and high (0.8packets/s/user) for indoor scenario A and B. Traffic load with low (0.4 packets/s/user), medium (0.8 packets/s/user), and high (1.2 packets/s/user) were simulated for indoor scenario C. A fixed contention window size of 15 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 initial observations from the simulation results in all the three indoor 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 4: 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: 

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-PTRS enables ICI compensation for smaller SCSs and helps a smaller SCS to perform even better than a larger SCS.
Observation 2: If CDL-D DS=50ns channel model is considered, the CP length of subcarrier spacing larger than 240kHz is not sufficient to cover the delay spread.
Observation 3: From the analysis of BLER simulation results, a smaller SCS (120 kHz or 240 kHz) with NCP is the best solution considering the influence of phase noise and CP length if block PTRS for ICI compensation is introduced.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 4: Receiver-assisted LBT is beneficial for cell-edge users in indoor scenario especially in medium and high traffic load.
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Figure 7.2-1: Layout of indoor office scenarios.
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