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1. Introduction
In RAN#86 meeting, the study item of beyond 52.6GHz was approved [1]. 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 present system level evaluation results for co-channel coexistence in the 60 GHz band according to the evaluation assumptions agreed in RAN1 101-e [2]. Besides, the channel access scheme related issues are discussed as well. 
2. [bookmark: _Ref498564494][bookmark: _Ref521492551][bookmark: PP12]Discussion
System level evaluation result for no LBT case
In this section, we provide some coexistence evaluation results for no LBT when access the channel. The detailed simulation assumptions are provided in Table 5 of Appendix. Table 1 shows evaluation results for the indoor scenario with 1 or 2 operators, where DL only FTP 3 traffic model is used.
[bookmark: _Ref40367833][bookmark: _Hlk47693875]Table 1 The performance of no LBT with FTP 3 traffic model 
	Number of Operators
	1
	2

	Traffic load
Metrics              
	Low load
	Medium load
	High load
	Low load
	Medium load
	High load

	DL UPT (Mbps)
	5%ile
	3511.53
	2398.51
	2114.52
	2828.87
	967.261
	658.576

	
	50%ile
	11980.30
	8596.12
	6182.75
	10032.40
	7210.65
	3950.26

	
	95%ile
	16748.90
	15898.00
	14704.20
	15945.70
	15310.50
	11805.40

	
	mean
	11254.48
	9182.38
	7183.21
	10319.99
	7987.82
	4613.32

	DL delay (s)
	5%ile
	0.012893
	0.012894
	0.012896
	0.012892
	0.012896
	0.012906

	
	50%ile
	0.018842
	0.027168
	0.038860
	0.021868
	0.032531
	0.063088

	
	95%ile
	0.057902
	0.104559
	0.139622
	0.085918
	0.260433
	0.427172

	
	mean
	0.024549
	0.037402
	0.052655
	0.030984
	0.075809
	0.119493

	Arrival rate (files/s)
	1
	2
	4
	1
	2
	4

	𝜌DL
	0.996612
	0.998534
	0.984599
	0.997896
	0.973332
	0.921757

	BO
	0.108923
	0.251225
	0.520603
	0.13337
	0.388629
	0.745707

	RU
	0.108748
	0.250911
	0.520125
	0.133179
	0.388323
	0.745366


With the same served traffic load per UE and the same number of UEs per operator, if assuming that there is no interference between the two operators, the UPT should be the same for both scenarios.  However, as we see in Table 1, the mean delay of two operators’ scenario is more than doubled compared with that of one operator’s scenario. The mean UPT of two operators’ scenario decreases about 55.7% compared with that of one operator’s scenario when traffic load is high. Moreover, the 5%ile UPT result shows that the cell-edge UE performance degrades more when the arrival rate increases.
[bookmark: _Ref47742897]Observation 1: Interference is observed and degrades UE performance for DL-only traffic in two operators’ scenario for no LBT case.
[bookmark: _Ref47742911]Observation 2: The cell edge UEs observe strong interference and degrade the UPT, especially when traffic load increases for no LBT case.
ED (Energy Detection)-based LBT mechanism
Omni-directional LBT
A straight forward channel access scheme for NR beyond 52.6 GHz is to inherit a similar LBT mechanism as that in unlicensed 5GHz, i.e. a transmission node listens to the channel using an omni-directional antenna and then performs transmission to the reception node(s). In this case, as long as LBT succeeds, the transmission node could transmit data to its reception node(s) in any direction. The LBT procedure is almost the same as that in 5GHz [3], i.e. generating a random back off counter that is decreasing upon CCA succeeds and channel is considered as available when the counter becomes 0. The difference lies in that only one category is defined for 60GHz band here instead of 4 categories in 5GHz. However, the LBT procedure and parameters are not discussed in last meeting. To facilitate the calibration, the LBT procedure and parameters are better to be aligned between companies. The proposed detailed LBT parameters from our side are given in the table below based on [4]. 
[bookmark: _Ref47705362]Table 2  LBT related parameters
	Parameter
	Value

	ED threshold
	-47dBm

	CCA slot length ( in [3])
	5us

	Maximum Channel Occupancy Time
	5ms

	Contention Window Size
	[3,7]

	 in [3]
	1

	 in [3]
	8us


[bookmark: _Ref47708538]Proposal 1: The LBT procedure and parameters in coexistence evaluation should be aligned between companies to facilitate the calibration with Table 2 as a starting point.
With simulation settings in Table 5 of Appendix and LBT settings in Table 2, the evaluation result for omni-directional LBT case in the indoor scenario with 2 operators is provided in Table 3:
[bookmark: _Ref47693870]Table 3  The performance of omni-directional LBT with FTP 3 traffic model
	                               Traffic load
Metrics
	DL-only

	
	Low load
	Medium load
	High load

	DL UPT (Mbps)
	5%ile
	2696.53
	1675.99
	439.678

	
	50%ile
	8026.89
	6276.24
	3978.61

	
	95%ile
	16074
	14496
	11754.1

	
	mean
	9074.521
	7230.419
	5009.495

	DL delay (s)
	5%ile
	0.013395
	0.013399
	0.013429

	
	50%ile
	0.026188
	0.038917
	0.052611

	
	95%ile
	0.194774
	0.22536
	0.384937

	
	mean
	0.054551
	0.066566
	0.103715

	Arrival rate (files/s)
	1
	2
	4

	𝜌DL
	0.99691
	0.978412
	0.89118

	BO
	0.614761
	0.662126
	0.82921

	RU
	0.14884
	0.353069
	0.638369


[bookmark: OLE_LINK3][bookmark: OLE_LINK4]From Table 3, we can observe that compared with no LBT case results in Table 1, the omni-directional LBT scheme makes the BO larger because of the channel access procedure. Furthermore, the omni-directional LBT actually causes some performance loss for both UPT and delay when the traffic load is low. In high load, there’s some gain in terms of average UPT and delay. However, the omni-directional LBT is not effective to mitigate the strong interface observed by the edge UEs especially with high traffic load.    
[bookmark: _Ref47742913]Observation 3: Compared to no-LBT scheme, the omni-directional LBT scheme causes some UPT performance loss when the traffic load is low. In high load, there’s some gain in terms of average UPT. 
Directional LBT


 
Figure 1-1 					                                                     Figure 1-2
[bookmark: _Ref40188244]Figure 1 Example for directional LBT
Besides omni-directional LBT, directional LBT is another channel access scheme which needs to be investigated for 60GHz band. This is because 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. For directional LBT, the key difference with omni-directional LBT lies in that a transmission node listens to the channel using a directional antenna and then it is only allowed to perform transmission to the reception node(s) in the succeeding direction. In this way, directional LBT could offer benefits for spatial reuse in such high gain beamforming environment. Particularly, 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. However, 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, it is not clear how much gain would be obtained and some evaluation is needed to facilitate the determination of channel access scheme in 60GHz.
Regarding LBT parameters, it should be mostly the same as that for omni-directional LBT. Though the way of calculating CCA energy need further discussion. There are two alternatives to do this:
· Alt. 1: CCA energy=Energy from one specific beamforming direction;
· Alt. 2: CCA energy=Energy from one specific beamforming direction – beamforming gain in the direction.
In our view, Alt. 1 could provide reasonable protection range for the coexistence since the transmission is also with beamforming gain. Then the CCA energy will be compared to ED threshold to determine whether the channel is available or not.
[bookmark: _Ref40281201]Proposal 2: Directional LBT should be studied and evaluated in 60 GHz band, where the way of calculating CCA energy should be clarified.
With simulation settings in Table 5 of Appendix and LBT settings in Table 2, the evaluation result for directional LBT case is provided in Table 4:
[bookmark: _Ref47708232][bookmark: _Ref40381841]Table 4 Directional LBT performance with FTP 3 traffic model 
	                                     Traffic load
Metrics
	DL-only

	
	Low load
	Medium load
	High load

	DL UPT (Mbps)
	5%ile
	1818.51
	1442.62
	266.586

	
	50%ile
	6845.65
	6138.78
	3095.1

	
	95%ile
	16088.4
	15027.9
	10452.9

	
	mean
	8068.932
	6997.088
	4064.593

	DL delay (s)
	5%ile
	0.013394
	0.013397
	0.013415

	
	50%ile
	0.030708
	0.037793
	0.075792

	
	95%ile
	0.911984
	0.449702
	0.660212

	
	mean
	0.145075
	0.107469
	0.164558

	Arrival rate (files/s)
	1
	2
	4

	𝜌DL
	0.983044
	0.977919
	0.7508

	BO
	0.640702
	0.722158
	0.867895

	RU
	0.141522
	0.332171
	0.599902



Besides, the UPT bar graph to compare no LBT, omni-directional LBT and directional LBT is provided below:




From the above results, we can observe that, for the cell-centre UE, the no LBT scheme and the two ED-based LBT schemes have similar performances with different traffic loads. For median UE, the UPT performance of no LBT is better than that of omni-directional LBT and the directional-LBT, and the directional-LBT shows the worst performance. 
Moreover, for the cell-edge UE, the three schemes have different performance gains with different traffic loads. Furthermore, the mean UPT of no LBT scheme is better than the other two with low and medium traffic load, and the omni-directional LBT scheme has better UPT performance with high traffic load. In a word, no LBT, omni LBT and directional LBT have different performance gain for different UEs in different scenarios. Though both the omni-directional LBT and the directional-LBT are not effective to mitigate the interface observed by the edge UEs especially with high traffic load. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _Ref47742914]Observation 4: No LBT, the omni-directional LBT and the directional LBT schemes have different performance gain for different UEs in different scenarios.
[bookmark: OB5]Observation 5: The omni-directional LBT and the directional-LBT are not effective to mitigate the interface observed by the edge UEs with high traffic load.
Receiver-assisted listen before talk (LBT) mechanism
In current regulation [4], 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. As our evaluation results shown in the above section, the omni-directional LBT and the directional-LBT at the transmitter side are not effective to reflect the actual interface observed by the UEs with high traffic load. 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 and 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 3: The receiver assisted channel access scheme should 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 system level evaluation results and 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 traffic in two operators’ scenario for no LBT case.
Observation 2: The cell edge UEs observe strong interference and degrade the UPT, especially when traffic load increases for no LBT case.
Observation 3: Compared to no-LBT scheme, the omni-directional LBT scheme causes some UPT performance loss when the traffic load is low. In high load, there’s some gain in terms of average UPT. 
Observation 4: No LBT, the omni-directional LBT and the directional LBT schemes have different performance gain for different UEs in different scenarios.
Observation 5: The omni-directional LBT and the directional-LBT are not effective to mitigate the interface observed by the edge UEs with high traffic load.
Proposal 1: The LBT procedure and parameters in coexistence evaluation should be aligned between companies to facilitate the calibration with Table 2 as a starting point.
Proposal 2: Directional LBT should be studied and evaluated in 60 GHz band, where the way of calculating CCA energy should be clarified.
Proposal 3: The receiver assisted channel access scheme should be considered in 60 GHz band and how to implement this handshaking mechanism in NR systems should be studied.
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Appendix
[bookmark: _Ref40367935]Table 5  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.
[image: ]

	UE distribution
	100% Indoor, 3km/h.
Average 5 users per BS.

	Carrier frequency
	60 GHz

	Carrier bandwidth
	2000 MHz CC

	SCS
	960 kHz

	Channel model
	NR InH Open Office model in 38.901 [5]

	Max. allowed BS Tx power
	40 dBm EIRP
20 dBm for 128 transmit antennas


	Max. allowed UE Tx Power
	25 dBm EIRP
14 dBm for 16 transmit antennas


	BS Antenna gain
	5 dBi

	UE Antenna gain
	5 dBi

	BS antenna height
	3 m
	

	BS receiver noise figure
	7 dB
	


	UE receiver noise figure
	10 dB
	


	BS antenna pattern
	InH ceiling mount in TR38.802 [6]
	

	UE antenna pattern
	UE Mode 1 in TR38.802 [6]
	

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


	UE antenna array configuration
	(M, N, P, Mg, Ng) = (2, 2, 2, 2, 1), dH = dV = 0.5 λ
Mechanic tilt: 0 degree

	Traffic model 
	FTP3 with packet size of 27Mbyte.
For FTP3 traffic model, low, median, high traffic load are needed.

	UE receiver
	MMSE-IRC as the baseline receiver

	Data Processing Latency
	K1=192 symbol

	Channel estimation
	ideal

	Traffic type
	DL only

	Metric
	UPT, Latency, Average BO, RU, 
Ratio of mean served throughput and offered cell throughput 

	Overhead

	PDCCH, PUCCH: 2 symbol per slot
CSI_RS, SRS: 0



DL 95%ile UPT
no LBT	Low	Medium	High	15945.7	15310.5	11805.4	Dir-LBT	Low	Medium	High	16088.4	15027.9	10452.9	Omni_LBT	Low	Medium	High	16074	14496	11754.1	



DL 50%ile UPT
no LBT	Low	Medium	High	10032.4	7210.65	3950.26	Dir-LBT	Low	Medium	High	6845.65	6138.78	3095.1	Omni_LBT	Low	Medium	High	8026.89	6276.24	3978.61	



DL 5%ile UPT
no LBT	Low	Medium	High	2828.87	967.26099999999997	658.57600000000002	Dir-LBT	Low	Medium	High	1818.51	1442.62	266.58600000000001	Omni_LBT	Low	Medium	High	2696.53	1675.99	439.678	



DL mean UPT
no LBT	Low	Medium	High	10319.99	7987.82	4613.32	Dir-LBT	Low	Medium	High	8068.9319999999998	6997.0879999999997	4064.5929999999998	Omni_LBT	Low	Medium	High	9074.5210000000006	7230.4189999999999	5009.4949999999999	
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