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1 Introduction
In RAN1 #95[1], the following agreements were made:
Agreement:
· Adopt the following text for the TR: 
“Channel access mechanisms for beamformed transmissions have been studied. It has been identified that omni-directional LBT should be supported.

· Using directional LBT for beamformed transmissions, i.e. LBT performed in the direction of the transmitted beam has also been studied.

· Further consideration is required regarding directional LBT and its benefits for beamformed transmissions when the specifications are to be developed, taking into account regulations and fair co-existence with other technologies.”








This contribution discusses the performance results comparison between directional LBT and the baseline omni-directional LBT for an indoor NR-U/NR-U coexistence scenario. This contribution is a re-submission of R1-1904411 [2].
2 Evaluation Results for Directional LBT 
One of the major challenges to operate cellular-based technology in unlicensed spectrum is to achieve fair co-existence with the incumbent unlicensed technology, such as Wi-Fi in the 5GHz unlicensed bands. In order to guarantee fair coexistence with the incumbent Wi-Fi system in the 5 GHz bands, as well as to meet certain regional regulations for unlicensed spectrum, LTE licensed-assisted access (LTE-LAA) introduced energy detection based omni-directional listen-before-talk (LBT) channel access protocols. 
Compared to LTE-LAA, NR-U system supports key new features such as multi-beam operation with directional transmissions and/or receptions. In order to support the multi-beam operation for NR-U, the directionality of LBT is an important design consideration for NR-U. One option is to perform LBT omni-directionally similar to LTE-LAA and Wi-Fi operating in the 5 GHz unlicensed band (as shown in Fig. 1(a)), which can provide fair coexistence with the incumbent systems such as LTE-LAA and Wi-Fi. Therefore, NR-U can use omni-directional LBT when NR-U coexists with Wi-Fi and/or LTE-LAA. However, omni-directional LBT can also be conservative to support the multi-beam operation since interference from every direction is sensed uniformly, and therefore the spatial reuse may be reduced, especially for NR-U/NR-U coexistence. 
Another option is a directional LBT scheme, where the LBT is performed over the intended beam direction of the NR-U transmitter, as shown in Fig. 1(b). Compared to the omni-directional LBT, directional LBT scheme can be more suitable for the multi-beam operation of NR-U and can improve the spatial reuse for NR-U/NR-U coexistence. However, directional LBT may also need further enhancements, such as to address the potentially severer hidden node issue and exposed node issue.
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Fig. 1. Omni-directional and directional LBT
In this section, we have implemented a system-level simulation for NR-U performance comparison between omni-directional LBT and directional LBT. Specifically, the indoor office deployment scenario in TR 38.889 [3] is used, wherein an NR-U operator coexists with another NR-U operator in the 6 GHz unlicensed spectrum. Each operator deploys 3 gNBs within the network, with each gNB serving a total of 5 UEs. The coexisting NR-U operators both have downlink-only traffic, with 20 MHz channel bandwidth. The gNB antenna array configuration is provided in Appendix A, wherein the antenna element gain pattern is chosen according to TR38.802 [4] with a max directional gain of 5 dBi. The remaining evaluation assumptions are provided in Appendix A. 
The traffic arrival rate 𝜆, which is in the unit of files per second, is chosen from {0.25, 0.5, 0.75, 1} in the evaluations. Fig. 2 illustrates the corresponding buffer occupancy for various 𝜆, which shows that the traffic load ranges from a low load scenario to a high load scenario as the evaluated traffic arrival rate 𝜆 increases. In addition, Fig. 2 demonstrates that the directional LBT corresponds to slightly lower buffer occupancy compared to the baseline omni-directional LBT. 
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Fig. 2. Buffer occupancy for omni-directional and directional LBT

Fig. 3 illustrates the channel access probability for directional LBT versus the omni-directional LBT, which is defined as the ratio of the mean duration that gNB has channel access over the mean duration that gNB needs channel access (i.e., sum of the duration that it contends for channel access and the duration that it has channel access). The channel access probability is a useful metric to evaluate the aggressiveness and fairness for NR-U and the coexisting system to access the channel under various LBT schemes. Fig. 3 shows that under the same ED threshold of -72 dBm, a higher channel access probability can be achieved with directional LBT compared to omni-directional LBT for NR-U. This demonstrates that omni-directional LBT is indeed conservative for NR-U in terms of channel access, while directional LBT at NR-U can lead to better channel access probability and consequently better spatial reuse for NR-U/NR-U coexistence. In addition, it can be observed from Fig. 3 that as traffic load increases (i.e., 𝜆 increases), the channel access probability decreases due to more significant channel access competition among NR-U gNBs. 
Observation 1: Directional LBT can lead to a higher channel access probability than omni-directional LBT under same ED threshold for NR-U/NR-U coexistence. 
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Fig. 3. Channel access probability for omni-directional and directional LBT

Fig. 4 plots the average user-perceived downlink throughput performance under omni-directional LBT scheme and the directional LBT scheme. It can be observed from Fig. 4 that NR-U has higher throughput with directional LBT compared to omni-directional LBT at all the evaluated traffic arrival rates. In particular, the throughput improvement from omni-directional LBT to directional LBT is 2.3%, 4.5%, 19.6%, and 22.1% for 𝜆 = 0.25, 0.5, 0.75 and 1.0 respectively, which increases as the traffic arrival rate 𝜆 increases. 
Observation 2: Throughput gain under directional LBT compared to omni-directional LBT increases as traffic arrival rate increases for NR-U/NR-U coexistence. 
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Fig. 4. Average user-perceived throughput for omni-directional and directional LBT

In general, there exists a trade-off between the channel access probability and the SINR performance under directional LBT scheme versus omni-directional LBT scheme. Specifically, due to the more conservative nature of omni-directional LBT, it is more likely for omni-directional LBT to achieve a better downlink SINR performance compared to directional LBT, at least for the cell-edge UEs. By contrast, as demonstrated in Fig. 3, under the same ED threshold, the directional LBT can lead to higher channel access probability than omni-directional LBT, which translates into a better spatial reuse. As the traffic load increases, the performance gain of channel access probability (i.e., the “pre-log” term in determining the user-perceived throughput) for directional LBT will outweigh the SINR performance loss, which will lead to a better throughput performance than the omni-directional LBT as shown in Fig. 4. 
Therefore, the directional LBT can be used as an alternative to the baseline omni-directional LBT for NR-U/NR-U coexistence, especially at medium to high traffic load scenarios.  
Proposal 1: Directional LBT can be supported at least for NR-U/NR-U coexistence scenario.  
3 Conclusions
This contribution considered the evaluation results for NR-U/NR-U coexistence in 6 GHz unlicensed band under directional LBT scheme and omni-directional LBT scheme, and have made the following proposals and observations.
Observation 1: Directional LBT can lead to a higher channel access probability than omni-directional LBT under same ED threshold for NR-U/NR-U coexistence. 
Observation 2: Throughput gain under directional LBT compared to omni-directional LBT increases as traffic arrival rate increases for NR-U/NR-U coexistence. 
Proposal 1: Directional LBT can be supported at least for NR-U/NR-U coexistence scenario.  
4 Appendix A
The additional simulation parameters for the evaluations in this contribution is provided by Table 1.

TABLE 1: Additional Default Simulation Parameters for NR-U/NR-U Coexistence
	Carrier Frequency
	6 GHz

	Carrier Channel Bandwidth
	20 MHz 

	Number of users per operator
	5 per gNB 

	SCS
	15kHz 

	Channel Model
	NR InH Mixed Office model 

	gNB Tx Power
	18 dBm  

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

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

	AP Antenna gain
	0dBi   

	BS Noise Figure
	5dB

	Minimum received power from serving cell for UE dropping
	-82 dBm

	Energy detection threshold 
	-72 dBm 

	UE receiver
	MMSE-IRC as the baseline receiver

	Traffic model
	FTP model 3 (36.889 Table A.1.1) 

	TxOP
	4ms

	Max modulation order 
	256 QAM 

	NR assumption on self-scheduling or cross carrier scheduling	
	Standalone operation with self-scheduling
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