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1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the SI of the channel access mechanism for operation in frequency from 52.6GHz to 71GHz, many companies provided the SLS results based on the assumption in TR38.808 [1] under indoor and outdoor scenario. In this document, some new simulation results on the use of quasi-omni, directional LBT, and without LBT using different antenna size to achieve different antenna gain are provided. Simulation results of coexistence with WiGig are also provided.
2. Discussion
LBT with a sensing beam covering all subsequent transmission beams is known as quasi-omni-directional LBT. This mechanism is used in IEEE 802.11ad DMG systems and can be introduced in the NR-U system for operation in the same 60GHz band. From an implementation point of view, quasi-omni-directional sensing is easy to implement and can simplify the system design especially when gNB serves multiple UEs in different directions. Omni-directional LBT is also the typical channel access mechanism adopted by the technologies in sub-7 GHz such as 802.11ac/ax/LAA/NR-U whereby the energy collected by each antenna element is averaged out. It has the merit of improving the probability of successful channel access and enhancing the spatial reuse.
1 
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Previous results with high antenna gain
In the earlier contribution [2], we found that the performance gain between (omni)-directional LBT and no-LBT in high traffic load is about 2~3% in median and more than 10% in cell-edge for DL. For UL, the gain is very small. From analysing the RSSI CDF curve (Fig. 2 showed in the appendix), we could also find that very little interference energy was above the EDT (-47dBm), and it thus had no impact on CCA measurement. The results from the previous contributions are repeated here for convenience.

Table 1. Performance of various channel access type at high traffic load (64 antenna elements for gNB, 8 antenna elements for UE) [2]
	Channel access type/User throughput(Mbps)
	DL mean UPT
	UL mean UPT
	DL 5%
UPT
	UL 5%
UPT
	Gain of DL mean UPT
w.r.t No-LBT
	Gain of UL mean UPT
w.r.t No-LBT
	Gain of 5% DL UPT
w.r.t No-LBT
	Gain of 5% UL UPT
w.r.t No-LBT

	No-LBT
	2388.7
	1521.8
	85.7
	86.6
	
	
	
	

	Directional LBT
	2446.7
	1521.1
	101.3
	82.3
	2%
	0%
	18%
	-5%

	Omni-dir LBT
	2452.9
	1538
	95.9
	89.8
	3%
	1%
	12%
	4%



New results with lower antenna gain
In this section, we provide results with lower antenna gain. Beamforming gain of 14 dBi is adopted in the simulations and it is normalised in the EDT.

Table 2. Parameter settings
	Buffer occupancy
	≈20%， 45%， 70%

	gNB TX power at antenna ports
	26dBm

	gNB antenna panel configuration
	2x4 elements, 5 dBi element gain

	gNB TX power EIRP
	40dBm

	UE TX power at antenna ports
	14dBm

	UE antenna panel configuration
	2x2 elements, 5 dBi element gain

	UE TX power EIRP
	25dBm

	Traffic model
	50:50 DL:UL split; 100: 0 DL:UL split



Low, medium and high load cases were analysed for no-LBT, omni-directional LBT and directional LBT. In most cases the use of LBT provides better performance than No-LBT, although in low load cases the difference is small. In medium load cases the performance gain is about 10% for mixed traffic whereas a 40% gain can be seen in cell-edge performance for mixed traffic load. 

Table 3. DL median UPT (Mbps) simulation results，DL：UL=50:50
	
	Directional LBT
	No LBT
	Omni LBT
	Directional LBT (low EDT)
	Omni LBT (low EDT)

	Low load
	4453(0.76%)
	4420(0)
	4437(0.39%)
	4422(0.05%)
	4454(0.78%)

	Medium load
	2483(7.28%)
	2314(0)
	2493(7.72%)
	2505(8.24%)
	2474(6.92%)

	High load
	1205(8.55%)
	1110(0)
	1215(9.41%)
	1198(7.92%)
	1227(10.49%)



Table 4. DL 10 percentile UPT (Mbps) simulation results，DL：UL=50:50
	
	Directional LBT
	No LBT
	Omni LBT
	Directional LBT (low EDT)
	Omni LBT (low EDT)

	Low load
	1487(4.32%)
	1426(0)
	1488(4.39%)
	1481(3.91%)
	1493(4.8%)

	Medium load
	642(12.63%)
	570(0)
	638(11.93%)
	635(11.51%)
	650(14.18%)

	High load
	139(32.46%)
	105(0)
	144(37.35%)
	155(48.37%)
	154(46.97%)



Table 5. UL median UPT (Mbps) simulation results，DL：UL=50:50
	
	Directional LBT
	No LBT
	Omni LBT
	Directional LBT (low EDT)
	Omni LBT (low EDT)

	Low load
	1441(-1.36%)
	1461(0)
	1441(-1.39%)
	1448(-0.88%)
	1442(-1.26%)

	Medium load
	1030(4.34%)
	987(0)
	1040(5.33%)
	1034(4.7%)
	1035(4.86%)

	High load
	524(13.99%)
	460(0)
	523(13.76%)
	512(11.45%)
	526(14.39%)



Table 6. UL 10 percentile UPT (Mbps) simulation results，DL：UL=50:50
	
	Directional LBT
	No LBT
	Omni LBT
	Directional LBT (low EDT)
	Omni LBT (low EDT)

	Low load
	506(1%)
	501(0)
	505(0.83%)
	511(1.99%)
	513(2.42%)

	Medium load
	212(15.96%)
	183(0)
	218(18.75%)
	211(15.34%)
	213(16.22%)

	High load
	0
	0
	0
	0
	0



For DL only traffic model, the cell-edge gain becomes smaller, about 20%. Lowering the EDT for directional LBT has an impact on the LBT performance.

Table 7. DL median UPT (Mbps) simulation results，DL：UL=100：0
	
	Directional LBT
	No LBT
	Omni LBT
	Directional LBT (low EDT)
	Omni LBT (low EDT)

	Low load
	4350(0.44%)
	4331(0)
	4341(0.23%)
	4322(-0.19%)
	4332(0.02%)

	Medium load
	3099(1.47%)
	3054(0)
	3084(1%)
	2997(-1.85%)
	3037(-0.54%)

	High load
	1799(4.54%)
	1721(0)
	1769(2.78%)
	1669(-3.05%)
	1720(-0.07%)



Table 8. DL 10 percentile UPT (Mbps) simulation results，DL：UL=100: 0
	
	Directional LBT
	No LBT
	Omni LBT
	Directional LBT (low EDT)
	Omni LBT (low EDT)

	Low load
	1438(0.47%)
	1138(0)
	1105(-2.99%)
	1090(-4.26%)
	1104(-3.04%)

	Medium load
	147(15.82%)
	127(0)
	145(14.08%)
	122(-4.09%)
	133(4.65%)

	High load
	0
	0
	0
	0
	0



Observation 1: LBT is benefit to better performance gain with lower antenna gain in 60GHz band 

Coexistence between NR-U and WiGig networks
The simulation setup is the same as before, the only difference is that one network is replaced by a WiFi system.
Three cases are evaluated:  
Case 1: 	WiFi (network 1) co WiFi (network 2); 
Case 2: 	NRU (Omni LBT, network 1) co WiFi (network 2); 
Case 3: 	NRU (No LBT, network 1) co WiFi (network 2)
Table 9. Parameter settings
	Buffer occupancy
	≈20%， 45%， 70%

	gNB TX power at antenna ports
	26dBm

	gNB antenna panel configuration
	2x4 elements, 5 dBi element gain

	gNB TX power EIRP
	40dBm

	UE TX power at antenna ports
	14dBm

	UE antenna panel configuration
	2x2 elements, 5 dBi element gain

	UE TX power EIRP
	25dBm

	Traffic model
	50:50 DL:UL split

	Network coexistence model
	1. WiFi (Network1) & WiFi (Network2)
1. NR-U with LBT (Network1) & WiFi (Network2)
1. NR-U without LBT (Network1) & WiFi (Network2)

	
	WiFi:（CCA_threshold：-48dBm，PD_threshold：-68 dBm）
NR-U with LBT:（CCA_threshold：-47dBm, Omni LBT）



WiFi-to-WiFi coexistence case is the baseline on which comparison are being made. From the results, we can find that when one network is replaced by NR-U with LBT enabled, both NR-U and WiFi systems’ performance is better than before. For WiFi network, we observe 5%~15% gain in DL and 7%~50% in UL for median UPT. If LBT is disabled for NR-U, the NR-U performance is a little better (less than 1% ) than LBT case in low traffic load but worse ( about -5%) in medium and high traffic load. Meanwhile, the WiFi system’s performance becomes worse (-5~-25%) than before. Based on these results, we can draw a conclusion that LBT in NR-U is improving the performance of both networks in WiFi coexistence scenarios.
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Figure 1. UPT performance with different network coexistence mode in indoor scenario-A，DL：UL=50:50


Table 10. DL median UPT，DL：UL=50:50
	
	Network1
(WiFi & WiFi)
	Network1
(NR-U with LBT & WiFi)
	Network1
(NR-U w/o LBT & WiFi)
	Network2
(WiFi & WiFi)
	Network2
(NR-U with LBT & WiFi)
	Network2
(NR-U w/o LBT & WiFi)

	Low load
	4352
	4542(0)
	4577(0.78%)
	4021(0)
	4235(5.32%)
	4216(4.84%)

	Medium load
	2026
	2554(0)
	2408(-5.72%)
	2024(0)
	2309(14.05%)
	2179(7.62%)

	High load
	1083
	1281(0)
	1220(-4.76%)
	1002(0)
	1123(12.09%)
	1043(4.13%)




Table 11. DL 10 percentile UPT，DL：UL=50:50
	
	Network1
(WiFi & WiFi)
	Network1
(NR-U with LBT & WiFi)
	Network1
(NR-U w/o LBT & WiFi)
	Network2
(WiFi & WiFi)
	Network2
(NR-U with LBT & WiFi)
	Network2
(NR-U w/o LBT & WiFi)

	Low load
	1392
	1491(0)
	1456(-2.35%)
	1326(0)
	1391(4.90%)
	1378(3.96%)

	Medium load
	575
	663(0)
	645(-2.71%)
	538(0)
	581(7.98%)
	552(2.52%)

	High load
	144
	169(0)
	152(-10.06%)
	111(0)
	131(17.86%)
	102(-8.52%)



Table 12. UL median UPT，DL：UL=50:50
	
	Network1
(WiFi & WiFi)
	Network1
(NR-U with LBT & WiFi)
	Network1
(NR-U w/o LBT & WiFi)
	Network2
(WiFi & WiFi)
	Network2
(NR-U with LBT & WiFi)
	Network2
(NR-U w/o LBT & WiFi)

	Low load
	1326
	1496(0)
	1511(1%)
	1286(0)
	1378(7.11%)
	1354(5.27%)

	Medium load
	872
	1099(0)
	1114(1.36%)
	765(0)
	904(18.17%)
	873(14.13%)

	High load
	327
	624(0)
	612(-1.92%)
	238(0)
	354(49.03%)
	321(34.93%)



Table 13. UL 10 percentile UPT，DL：UL=50:50
	
	Network1
(WiFi & WiFi)
	Network1
(NR-U with LBT & WiFi)
	Network1
(NR-U w/o LBT & WiFi)
	Network2
(WiFi & WiFi)
	Network2
(NR-U with LBT & WiFi)
	Network2
(NR-U w/o LBT & WiFi)

	Low load
	459
	512(0)
	530(3.52%)
	451(0)
	495(9.75%)
	488(8.15%)

	Medium load
	139
	225(0)
	226(0.44%)
	108(0)
	173(59.7%)
	148(36.94%)

	High load
	0
	0
	0
	0
	0
	0



Simulations show that LBT has clear benefits compared with no LBT. Details below:
· Table 3 and 5 show around 10% gain in median cell throughput in both UL and DL
· Table 4 shows 30-48% DL gain under high load at 10th percentile throughput or near cell edge
· Table 6 shows 15-18% UL gain under medium load at 10th percentile throughput or near cell edge
· Tables 10- 13 show the clear benefit LBT brings to NR-U - WiFi coexistence

Observation 2: LBT is necessary for NR-U-60 in coexistence with WiGig system in 60GHz band 
3. [bookmark: _Ref129681832]Conclusions
In this document, we provided the simulation results with lower antenna gain showing that the importance of LBT in achieving better performance for NR-U coexist NRU/WiGig system than No-LBT with the observations as follows:
Observation 1: LBT is benefit to better performance gain with lower antenna gain in 60GHz band 
Observation 2: LBT is necessary for NR-U-60 in coexistence with WiGig system in 60GHz band 
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Appendix
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Figure 2. RSSI in LBT simulations for indoor scenario
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