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In the RANP meeting #86, the new SID on Study on supporting NR from 52.6GHz to 71 GHz was approved [1] and the objectives of the SID were: 
· Study of required changes to NR using existing DL/UL NR waveform to support operation between 52.6 GHz and 71 GHz
· 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 order to verify the NR-U designs and ensure fair coexistence with incumbent systems, this document discusses and proposes the simulation scenarios and assumptions for NR-U in 60 GHz unlicensed band.
[bookmark: _Ref129681832]Simulation scenarios and assumptions
Simulation scenarios
Considering the discussion of simulation scenarios of NR-U in TR38.889 [2] for Sub-7 GHz band, the existing simulation scenarios for R16 NR-U defined in TR38.889 can be referred to as the baseline for NR-U in 60GHz unlicensed band. However, the channel characteristics of 60 GHz band are very different from Sub-7 GHz band. The beam based transmission and the regulation for 60 GHz are also different from Sub-7 GHz. So, some modifications should be considered due to larger pathloss, which include channel bandwidth, AP/TRP density, transmission power, etc.
The main usage scenarios of NR-U of 60GHz is indoor scenario, e.g. AR/VR. Therefore, indoor scenario can be considered with high priority for the study item phase of NR-U. For indoor scenario, the general deployments of NR-U are mainly considered as hotspots. Smaller layout with shorter Inter-BS distance could be considered optionally for 60GHz band evaluation when referring to 11ad/11ay evaluation scenarios.
The enterprise scenario is an important scenario for performance evaluation, especially for study of channel access mechanism. To reduce the computation complexity, the enterprise scenario refers to one office box. The office box is sized with 10m x 10m area. Assume there are two operators in the office with one gNB per operator. The gNBs of the operators are randomly mounted on the ceiling with a height of 3m as shown in Figure 1. The distance between the gNBs of the two operators is random with minimum value of 1m. 10 UEs per operator are randomly deployed in each office box.
 [image: ]
Figure 1. Indoor scenario of two operators
For outdoor scenario, the oxygen absorption in 60GHz naturally improves interference immunity for Point to Point communication. Backhaul could be the most common case of 60GHz unlicensed band. Due to the fixed location of deployment, the transmission power of TRP could be larger than in indoor scenario (e.g. EIRP = 55dBm). However, incumbent deployments need protection based on the Radio Regulations. For this reason, proper studies are necessary to check conditions for coexistence. The ECC report 288 [3] provides a simulation scenario to study the coexistence, as shown in Figure 2. The simulation model includes a single desired link operating at 100 m distance, in an area 30 m wide and 100 m long, around the desired link, populated with a variable number (U= 1,2,4,8) of interferer links randomly placed in the area. We propose this scenario could be used as an outdoor scenario for 60GHz unlicensed band.
[image: ]
Figure 2. Outdoor scenaro for P2P communication
Proposal 1: both Indoor office scenario and outdoor backhaul scenario can be considered for system level evaluation. 

Antenna configuration
For antenna configuration. In TR38.802 [4], the antenna configurations for gNBs and UEs for 70GHz are as below: 
	BS antenna array configuration
	(M, N, P, Mg, Ng)  = (8, 16, 2, 1, 1), dH = dV = 0.5 λ

	UE antenna array configuration
	(M, N, P, Mg, Ng)  = (4, 4, 2, 1, 1), dH = dV = 0.5 λ



The direct beam using massive MIMO is a typical transmission mode in 60 GHz band, similar antenna configuration as defined in TR38.802 for 70GHz can be adopted in 60GHz unlicensed band. However, Due to the different cost of actually deployed equipment, antenna array with smaller number of antenna elements should also considered, which may affect the beamforming width. E.g.
	BS antenna array configuration
	(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, 1), dH = dV = 0.5 λ



Proposal 2: Antenna array with both large and small number of elements should be considered in the system level evaluation.
Detailed NR-U simulation assumptions for 60GHz unlicensed operation
The detailed simulation assumptions are proposed in the following tables.
Table 1: Summary of simulation assumptions for indoor scenario
	Parameters 
	Assumptions

	Layout
	Indoor floor: 2 BSs per 10m x 10m
BS mounting on the ceiling, two operators deploy 1 BSs each in the office box. 
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	Inter-BS distance
	Random with minimum distance of 1m

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

	Carrier bandwidth
	500MHz 

	Channel model
	InH model in 38.901

	Max. allowed BS Tx power
	Scales with antenna configurations(EIRP = 40dBM)

	Max. allowed UE Tx Power
	Scales with antenna configurations(EIRP = 40dBM)

	BS antenna configurations
	See 38.802 Table A.2.1-4

	UE antenna configuration
	See 38.802 Table A.2.1-4

	BS antenna height
	3m
	

	UE antenna height
	1.5m
	

	BS receiver noise figure
	7dB
	


	UE receiver noise figure
	13dB (baseline performance), 10dB (high performance)

	BS antenna array configuration
	 (M, N, P, Mg, Ng)  = (8, 16, 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) = (4, 4, 2, 1, 1), Dh = Dv = 0.5 λ
or (M, N, P, Mg, Ng)  = (2, 2, 2, 1, 1), dH = dV = 0.5 λ

	MCOT
	 9ms or [5ms]

	Traffic model 
	FTP3 with packet size of 0.5 Mbytes. 
Low, median, high traffic load are needed.

	UE receiver
	MMSE-IRC as the baseline receiver

	Feedback assumption	
	Realistic

	Channel estimation
	Realistic/ideal 

	Traffic type
	DL only, UL only, Mixed DL/UL

	Metric
	UPT Statistics



Preliminary simulation results in 60GHz unlicensed band
Based on the adaptively rule specified in the current version of EN 302 567 [5]. 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 of channel bandwidth where Pout is the RF output power (EIRP). To verify the impact of LBT on the performance with various antenna array configurations in 60GHz band, we give some simulation results based on the simulation scenario described in Table 1.
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Figure 3. Simulation results of various antenna array configuration in 60GHz band in indoor scenario
Simulations in Figure 3 show mean value of throughput and 10th percentile user for LBT schemes with DL FTP3 traffic loads with file size 0.5MBytes. Three traffic load points were simulated, low (6.5 packets/s/user), medium (12 packets/s/user), and high (18.5 packets/s/user) for small number of elements cases and low (9.5 packets/s/user), medium (18.5 packets/s/user), and high (25 packets/s/user) for large number of elements cases. A fixed contention window size of 127 contention slots with energy detection threshold of -47 dBm are used in LBT procedure based on EN 302 567. The maximum channel occupancy times (COT) is 9ms. 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 as Omin-LBT and LBT with energy detection via narrow beam is called Direct-LBT. LBT with energy detection via narrow beam in the received side is called as receiver-assisted LBT, which is proposed in another contribution [6].
The initial observations from the simulation results indicate the following: (1) The LBT mechanisms may result in contention overhead and consequent loss in throughput with antenna arrays with both large and small number of elements (2) LBT is beneficial for the cell-edge users with antenna array of smaller number of elements.
Proposal 3: In 60 GHz, antenna array configuration should be considered in the study of LBT mechanism. 
Conclusion
In this contribution, we discussed the simulation scenarios and assumptions for NR-U evaluation in 60GHz band. Based on the discussion, we have the following proposals: 
Proposal 1: both Indoor office scenario and outdoor backhaul scenario can be considered for system level evaluation. 
Proposal 2: Antenna array with both large and small number of elements should be considered in the system level evaluation.
[bookmark: _GoBack]Proposal 3: In 60 GHz, antenna array configuration should be considered in the study of LBT mechanism. 
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32T4R DL mean UPT(Mbps)

No-LBT	Low	Medium	High	1985.4	1469.5	871.4	Omin-LBT	Low	Medium	High	1640.8	1225.9000000000001	700.9	Direct-LBT	Low	Medium	High	1658.5	1293.7	776.6	Receiver-assistant-LBT	Low	Medium	High	1710.1	1467.9	933.9	



32T4R DL 10% UPT(Mbps)

No-LBT	Low	Medium	High	811.1	288.5	56.6	Omin-LBT	Low	Medium	High	692	258.89999999999998	33.299999999999997	Direct-LBT	Low	Medium	High	719.4	336	81.900000000000006	Receiver-assistant-LBT	Low	Medium	High	826.9	499.6	106.4	



256T32R DL mean UPT(Mbps)  

No-LBT	Low	Medium	High	2235.5	1991.2	1804.5	Omin-LBT	Low	Medium	High	1836.4	1626.1	1722.7	Direct-LBT	Low	Medium	High	1844.8	1643	1766.1	Receiver-assistant-LBT	Low	Medium	High	1847.4	1648.5	1795	



image3.png
1400

1200

1000

800

6

8

4

8

2

8

0

256T32R DL 10% UPT(Mbps)

Medium High

®No-LBT ®Omin-LBT mDirect-LBT M Receiver-assistant-LBT




image1.png
200

2w
Tom
T
5ol @

10m*10m box
without walls




image2.png




