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1. Introduction
In RAN#86 meeting, the study item of beyond 52.6GHZ was approved [2]. 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
· 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 this contribution, we discuss system level evaluation assumptions for above 52.6 GHz band and present some preliminary system level evaluation results for DL only and UL only traffic. We also discuss the channel access scheme related issues.
2. [bookmark: _Ref498564494]Discussion
System level evaluation
[bookmark: _Ref40368605][bookmark: _Ref521492551][bookmark: PP12]Evaluation assumptions 
Recall in NR-U SI/WI, the indoor scenario and outdoor scenario are defined for sub-7 GHz band. In this section, we present our views on indoor and outdoor scenarios for above 52.6 GHz band evaluation.
Indoor scenario
For indoor scenario, we consider to extend the indoor mixed office model in TR 38.901 [1] but with two operators randomly dropped in 10m * 10m box with no walls. The detail simulation assumptions are proposed in Table 1.
[bookmark: _Ref40367935]Table 1: 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.
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	UE distribution
	100% Indoor, 3km/h.
10 users per BS, 120 UEs are randomly dropped in 120m * 50m box and each UE is associated to one operator first and then connected to the nearest gNB belonging to that operator.

	Carrier frequency
	60 GHz

	Carrier bandwidth
	500 MHz CC

	SCS
	960 kHz

	Channel model
	NR InH Mixed Office model in 38.901 [1]

	Max. allowed BS Tx power
	40 dBm EIRP
23 dBm for 32 transmit antennas
14 dBm for 256 transmit antennas

	Max. allowed UE Tx Power
	25 dBm EIRP
14 dBm for 8 transmit antennas
8 dBm for 32 transmit antennas

	BS Antenna gain
	5 dBi

	UE Antenna gain
	0 dBi

	BS antenna height
	3 m
	

	BS receiver noise figure
	7 dB
	


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


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


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


	Traffic model 
	Full buffer and FTP3 with packet size of 0.5Mbyte.
For FTP3 traffic model, low, median, high traffic load are needed.

	UE receiver
	MMSE-IRC as the baseline receiver

	Ki
	K1, K3=4 symbol, K2=0

	Channel estimation
	ideal

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

	Metric
	UPT Statistics


[bookmark: p1]Proposal 1: Adopt the indoor scenario system level evaluation assumptions for above 52.6 GHz as in Table 1.
Outdoor scenario
For the outdoor scenario, in the sub-7 GHz band, the deployment is similar to the dense urban scenario for NR in TR 38.802 [2] but with one micro layer and two operators. Each operator deploys 7 sites on a hexagonal grid. Each operator randomly drops one micro-layer TRP within each macro cell sector. For outdoor scenario in above 52.6 GHz band, the layout for BS can be based on the layout in sub-7 GHz band. However, the distance between the nearest BSs and the operators should be different from that in sub-7 GHz band. Evaluation assumptions for outdoor scenario in above 52.6 GHz band are presented in the following Table 2.
[bookmark: _Ref40367895]Table 2: Summary of simulation assumptions for outdoor scenario
	Parameters 
	Assumptions

	Layout
	· Macro layer:
· Hexagon Grid
· The two operators use the same layout in macro layer
· ISD: 200m * A (0<A<1)
· Micro layer: Each operator randomly drops one micro-layer TRP within each macro cell sector



	Inter-Macro BS distance
	57.9m×A

	Minimum distance between TRPs and UE cluster radius
	10 m

	UE distribution
	100% outdoor with 3km/h
10 users per micro TRP

	Carrier bandwidth
	2 GHz CC

	SCS
	960 kHz

	Channel model
	UMi-Street canyon in 38.901 [1]

	Max. allowed BS Tx power
	40 dBm EIRP
23 dBm for 32 transmit antennas
14 dBm for 256 transmit antennas

	Max. allowed UE Tx Power
	25 dBm EIRP
14 dBm for 8 transmit antennas
8 dBm for 32 transmit antennas

	BS Antenna gain
	5 dBi
	

	UE Antenna gain
	0 dBi
	

	BS antenna height
	3 m
	


	BS receiver noise figure
	7 dB

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

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


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


	Traffic model 
	Full buffer and FTP3 with packet size of 0.5Mbyte.
For FTP3 traffic model, low, median, high traffic load are needed.

	UE receiver
	MMSE-IRC as the baseline receiver

	Channel estimation
	ideal

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

	Metric
	UPT Statistics


[bookmark: p2]Proposal 2: Adopt the outdoor scenario system level evaluation assumptions for above 52.6 GHz as in Table 2.
Preliminary coexistence evaluation results 
In this section, we provide some preliminary coexistence evaluation results. The detailed simulation assumptions are given in section 2.1. The followings are the simulation results for the co-existence indoor scenarios, including the cases of DL-only and UL-only with full buffer traffic, and DL-only FTP3 model served FTP traffic with different BOs.
Full buffer traffic model
As we see in Table 3, the UE average throughput in two operators’ scenario reduces 47% and 31% compared with that in one operator’s scenario with 32-8 antenna configuration for DL-only and UL-only traffic, respectively. The ratio of throughput reduction for 2 operators’ scenario compared to one operator’s scenario is 19% for DL-only traffic and 14% for UL-only traffic with 256-32 antenna configuration, respectively. So, we can observe the interference between the different operators degrades UE performance for DL-only and UL-only traffic. Moreover, the beam operation in 60 GHz can reduce the effect of the interference between the different operators. 
Meanwhile, we can observe in Table 3, the UE average throughput with 256-32 antenna configuration increases 29% and 91% compared with that with 32-8 antenna configuration in one operator’s scenario for DL-only and UL-only traffic. And the UE average throughput with 256-32 antenna configuration increases 84% and 103% compared with that with 32-8 antenna configuration in two operators’ scenario for DL-only and UL-only traffic respectively. So, No-LBT scheme works for single operator’s scenario and some cases of two operators’ scenario with 60 GHz.
[bookmark: _Ref40366405][bookmark: _Ref40366392]Table 3 The average UE throughput with full buffer traffic model (Mbps)
	Number of Tx-Rx Antennas 
	32-8
	32-8
	256-32
	256-32

	Number of Operators 
	1
	2
	1
	2

	DL-only
	253
	134
	327 
	257  

	UL-only
	119
	82
	220 
	189  


[bookmark: _Ref40278851]Observation 1: Interference is observed and degrades UE performance for DL-only and UL-only traffic in two operators’ scenario.
[bookmark: _Ref40278864]Observation 2: No-LBT scheme works for single operator and some cases of two operators’ scenario with beam operation on 60 GHz.
FPT3 traffic model
[bookmark: _GoBack]The following evaluation results in Table 4 are the DL-only traffic with the different BOs (low, medium, high) with FPT3 traffic model, and the number of Tx-Rx Antenna is (32,8). The lambdas are configured as 5 files/s, 10 files/s, 15 files/s for both one operator’s scenario and two operators’ scenario. With the same served traffic load per UE and the same number of UEs per operator, if assuming that there are no any interference between the two operators, the UPT should be the same for both scenarios. However, as we see in Table 4, the mean delay of two operators’ scenario increases at most 57% compared with that of one operator’s scenario, and the mean UPT of two operators’ scenario decreases at most 15% compared with that of one operator’s scenario when traffic load is large. Moreover, the 5%ile UPT result shows that the cell-edge UE performance degrades more when the lambda increases.
[bookmark: _Ref40367833]Table 4 DL-only performance with FTP 3 traffic model 
	DL UPT (Mbps)
	5%ile
	399.82
	431.62
	329.30
	343.62
	236.90
	311.86

	
	50%ile
	2482.53
	2374.39
	2055.06
	2253.23
	1703.48
	2037.90

	
	95%ile
	4174.80
	4162.45
	4098.63
	4082.14
	3760.82
	4017.40

	
	mean
	2401.55
	2403.67
	2120.03
	2273.84
	1846.80
	2113.34

	DL delay (s)
	5%ile
	0.000926
	0.000926
	0.000927
	0.000927
	0.000929
	0.000928

	
	50%ile
	0.001707
	0.001735
	0.002091
	0.001928
	0.002489
	0.002170

	
	95%ile
	0.010504
	0.010853
	0.016317
	0.011672
	0.024547
	0.016279

	
	mean
	0.003132
	0.003073
	0.004355
	0.003416
	0.007045
	0.004464

	lambda
	5 files/s
	5 files/s
	10 files/s
	10 files/s
	15 files/s
	15 files/s

	Number of Operators 
	2
	1
	2
	1
	2
	1

	BO
	13.50%
	13.47%
	30.86%
	25.71%
	49.55%
	42.70%


[bookmark: _Ref40381841]Observation 3: The cell edge UEs observe strong interference and degrade the UPT, especially when traffic load increases.
Channel access schemes in 60 GHz band
Directional LBT


 
Figure 1-1 					                                                     Figure 1-2
[bookmark: _Ref40188244]Figure 1 Directional LBT
Most of the nodes operated in 60 GHz band likely will transmit using beam forming with massive MIMO antennas, including NR nodes, WiFi with 802.11ad/ay nodes, etc. Beamforming can strengthen the signal to the desired beam direction with minimum interference to other directions in spatial domain thus enable the spatial resource reuse. Therefore, it would be feasible to apply directional channel sensing in a beam forming system. If traditional omni-directional channel sensing is performed, the transmission in any direction from other nodes will block the channel. For example, as shown in Figure 1-1, both the gNB and the WiFi AP transmit with beamforming. If omni-directional LBT is performed, only one node is allowed to transmit in the unlicensed spectrum, e.g. WiFi as shown in the left part of Figure 1-2. If beam specific LBT is performed at the gNB, then it is possible for both of the nodes to transmit at the same time as shown in the right part of Figure 1-2. The transmission of the gNB with beam 2 and 3 will not interfere with the transmission of the WiFi AP. Therefore, the gNB can transmit simultaneously with the WiFi AP. The spectrum efficiency is greatly increased compared with that of the omini-directional LBT scheme.
[bookmark: _Ref40281201]Proposal 3: Directional LBT should be studied in 60 GHz band.
Receiver assisted channel access scheme
In current regulation [1], LBT is mandatory for some regions in unlicensed 60 GHz band. 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 equipment shall observe the Operating Channel(s) for the duration of the CCA observation time measured by multiple CCA slot times of 5 μs. The Operating Channel shall be considered occupied for a slot time if the energy level in the channel exceeds the threshold corresponding to the power level. An extended CCA check is initiated at end of operating channel occupied. The transmission shall not start earlier than 8 μs while observing CCA empty. The transmission deferring continues for a random number of empty slots period.

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. Therefore, to avoid the hidden node problem, a receiver assisted channel access scheme can be considered in the 60 GHz band.

[image: ][image: ]
[bookmark: _Ref32227380]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 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, it 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.
The RTS/CTS can be sent either in a dedicated RTS/CTS control channel or in PDCCH and PUCCH respectively. To differentiate with other channels, dedicated RNTI can be used for RTS/CTS. In the RTS, at least the receiver information should be included, e.g. UE ID or group ID if multiple UEs are the target receivers. Furthermore, the time duration that the channel will be occupied should also be indicated, like the NAV in WiFi. The time duration can also be included in the CTS, and the transmitter will detect the CTS in the scheduled resources.
[bookmark: _Ref536634453]Proposal 4: The receiver assisted channel access scheme can be considered in 60 GHz band and how to implement this handshaking mechanism in NR systems should be studied.
3. Conclusion
In this contribution, we presented our views on scenarios and assumptions of system level evaluation for above 52.6 GHz band and some preliminary system level evaluation results. We also discussed some channel access schemes in 60GHz band. The proposals and observations are summarized below.
Observation 1: Interference is observed and degrades UE performance for DL-only and UL-only traffic in two operators’ scenario.
Observation 2: No-LBT scheme works for single operator and some cases of two operators’ scenario with beam operation on 60 GHz.
Observation 3: The cell edge UEs observe strong interference and degrade the UPT, especially when traffic load increases.
Proposal 1: Adopt the indoor scenario system level evaluation assumptions for above 52.6 GHz as in Table 1.
Proposal 2: Adopt the outdoor scenario system level evaluation assumptions for above 52.6 GHz as in Table 2.
Proposal 3: Directional LBT should be studied in 60 GHz band.
Proposal 4: The receiver assisted channel access scheme can be considered in 60 GHz band and how to implement this handshaking mechanism in NR systems should be studied.
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