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1. Introduction

At the RAN1#80 meeting, an additional optional simulation scenario for DL-only LAA was agreed as the following [1]. 
· Include an additional optional simulation scenario with Y=1 (single channel scenario) with the following assumptions

· Non replaced Wi-Fi network has both DL and UL traffic 

· Wi-Fi network, which is replaced by LAA, has only DL FTP traffic

· Assume 20UEs per operator

· For all other parameters, use the existing DL + UL simulation assumptions whenever applicable

· For traffic load and split (Overall offered load is the same for both the coexisting networks) at least the following case should be simulated:

· Traffic load on DL-only Wi-Fi and LAA networks is 25% greater than that of the DL nodes in the DL+UL non-replaced Wi-Fi network 

· DL to UL ratio is 80% to 20% for this scenario
At the RAN1#80bis meeting, working assumption on category 4 LAA channel access scheme was agreed to achieve better fairness performance when co-existence with Wi-Fi [2]. 
In this contribution, we provide our evaluation results of LAA with LBT mechanism of category 2, 3 and 4 in outdoor deployment scenario when the non-replaced Wi-Fi has both DL and UL traffic while the replaced Wi-Fi and LAA have only DL traffic. In the purpose of investigating appreciate LBT parameter to co-exist better with Wi-Fi, we also present the evaluation results considering different CCA-ED thresholds in category 2/3/4 LBT. Our views on LBT and frequency reuse mechanism based on the evaluation results are presented in our companion contribution [3].
2. Evaluated LBT Mechanisms for LAA DL
In this section, the frame structures of FBE-based mechanism (LBT category 2) and LBE-based mechanism with fixed (LBT category 3) and valuable contention window (LBT category 4) are introduced.   

Fig. 2-1 shows the frame structure of LAA Cat.2 LBT assumed in the evaluation. Considering the Japanese regulatory requirement of maximum 4ms channel occupancy time, LBT procedures with the maximum burst length (including CCA duration) configurations of 4 ms are considered in the evaluation. From the transmission start timing to the next ODFM symbol boundary, the transmission is assumed as initial signal without containing data. Then only the integer OFDM symbols are used for data transmission. 
Fig. 2-2 shows the frame structure of LAA Cat.3 LBT assumed in the evaluation. The LBE procedure with fixed q for the contention window size is assumed in the evaluation. In the purpose of achieving fair co-existence with Wi-Fi, the random back off, i.e., extended CCA (ECCA) is always applied.  Furthermore, the defer period is needed before the random back off starts or resume. CCA can be performed any time of a subframe. When random back off counter reaches zero, transmission starts immediately. From the transmission start timing to next OFDM symbol boundary, the transmission is assumed as initial signal without containing data. Only the integer OFDM symbols are used for data transmission. To achieve equivalent burst length of Cat.2 LBT (4 ms), q is assumed to 10. Duration of defer period and ECCA slot is 32 us and 24 us, respectively. 
For Cat.4 LBT in the evaluation, it follows the procedure of work assumption in [2]. If the channel is confirmed non-occupied for initial CCA duration (BiCCA, 32us) when LAA cell is in idle state, LAA cells could immediately access to channel; otherwise, it goes to the ECCA procedure. Defer period (DeCCA, 32us) is always assumed before random back-off starts or resumes. During the defer period, random back-off counter is frozen. One eCCA slot duration (T) is assumed as 8us to be similar with that in Wi-Fi. The back-off counter is randomly generated in [0, q-1]. The contention window q is between X (16) and Y (1024) which is adjusted by NACK.
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Figure 2-1. Frame structure for LAA with Cat.2 LBT assumed in evaluation 
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Figure 2-2. Frame structure for LAA with LBE-based LBT assumed in evaluation
3. Wi-Fi-LAA Coexistence Evaluation Results
System level evaluations for co-existence scenarios of DL only LAA are performed in outdoor deployment scenario. In this scenario, two operators with four Wi-Fi APs/LAA small cells for each operator are randomly deployed in a cluster area. Ten UEs are dropped around cells of associated operator. One unlicensed carrier with the bandwidth of 20 MHz is shared between the two operators. FTP model 3 is assumed in the evaluation. In order to reflect more congested situation, the non-replaced Wi-Fi contains both DL and UL traffic with a ratio of 5:5. Other detailed assumptions are shown in Appendix.
3.1. Evaluation results of Cat.2/3/4 LBT in different traffic load 
In the evaluation, traffic arriving rate of 0.5, 1 and 1.5, which targets the BO of 10%, 38% and 60% in baseline case, is used. Table 3-1 show the performance of Wi-Fi-LAA co-existence with Cat.2, 3, and 4 LBT, respectively.  
From current evaluation results, it is found that in some of the cases, Wi-Fi and LAA achieves very low throughput even zero in 5% UPT. It is probably due to two reasons. One reason is the severe interference from Wi-Fi STAs performing UL transmission to other Wi-Fi STAs and LAA UEs receiving DL data as the minimum distance between Wi-Fi STAs and LAA UEs could be very short. Another reason is a packet blocking due to FTP3 traffic model. If the UEs with poor radio condition have multiple packets to be transmitted, the latter packets have no opportunity to be transmitted until previous packets are delivered. Then, the waiting packets have zero throughputs.   
For the Wi-Fi –Wi-Fi co-existence cases, two Wi-Fi operators have different DL throughput. In low traffic load, Wi-Fi operators with DL only traffic has larger UPT than Wi-Fi operator with both DL and UL traffic. As in low traffic load, AP and STA channel contention may leads the Wi-Fi operators with DL+UL traffic load have less opportunity to seize the channel than the other Wi-Fi operator. In high traffic load, both two operators suffer from the similar channel contention situation due to large number of STA transmiting UL packets. Since DL operators have more DL packet to be transmitted, so the transmit time and throughput of this operator are smaller. 

For the Wi-Fi-LAA co-existence cases, all the LBT categories, Cat.2/3/4 could make a neighbor Wi-Fi achieving higher average UPT in either DL or UL, compared with the baseline case in which the neighbor Wi-Fi co-exists with another Wi-Fi. Among 3 LBT mechanisms, Cat.2 LBT achieves lowest performance for either Wi-Fi or LAA regarding average UPT. LBT Cat.4 provides a friendly co-existence behavior and leads higher throughput of Wi-Fi in middle and high traffic load cases. LBT Cat.2 provides higher LAA throughput in high traffic load while keeping well co-existence with Wi-Fi. 
Observation 1: Cat.2, 3 and 4 LBT mechanisms for DL only LAA could provide less impact on the neighboring Wi-Fi performance than another Wi-Fi, even when the neighboring Wi-Fi has both DL and UL traffic. 
Observation 2: LAA with Cat.2 or 4 LBT achieves higher LAA and Wi-Fi throughputs compared with LAA with Cat.3 LBT. 
Table 3-1 Coexistence evaluation results for UL+DL Wi-Fi with DL-only LAA in FTP traffic (outdoor)
	Reported parameters
	Low load
BO range for Wi-Fi Opt.1 in Step 1:

10%~25%
	Medium load
BO range for Wi-Fi Opt.1 in Step 1:

35%~50%
	High load
BO range for Wi-Fi Opt.1 in Step 1:

above 55%

	
	Wi-Fi Opt.1 in

step 1
	Wi-Fi Opt.2 in

step 1
	Wi-Fi Opt.1 in

step 2
	LAA Opt.2 in

step 2
	Wi-Fi Opt.1 in

step 1
	Wi-Fi Opt.2 in

step 1
	Wi-Fi Opt.1 in

step 2
	LAA Opt.2 in

step 2
	Wi-Fi Opt.1 in

step 1
	Wi-Fi Opt.2 in

step 1
	Wi-Fi Opt.1 in

step 2
	LAAOpt.2 in

step 2

	DL:

UPT CDF [Mbps]
	5%
	0.847 
	0.323 
	0.346 
	3.784 
	0.041 
	0.007 
	0.003 
	0.000 
	0.005 
	0.007 
	0.002 
	0.000 

	
	50%
	12.699 
	23.256 
	15.042 
	67.797 
	1.136 
	0.681 
	0.911 
	1.384 
	0.369 
	0.172 
	0.501 
	2.769 

	
	95%
	102.564 
	125.000 
	125.000 
	117.647 
	85.106 
	54.795 
	121.212 
	100.000 
	48.193 
	26.316 
	58.824 
	85.106 

	
	Mean
	25.811 
	41.885 
	32.152 
	66.301 
	11.137 
	8.254 
	13.555 
	18.257 
	6.601 
	4.171 
	9.333 
	16.722 

	DL:
Delay CDF

[s]
	5%
	32.000 
	32.000 
	32.000 
	34.000 
	64.000 
	67.000 
	33.000 
	38.000 
	110.000 
	119.000 
	67.000 
	46.000 

	
	50%
	200.000 
	166.000 
	267.000 
	59.000 
	1534.500 
	1637.000 
	1734.500 
	1153.500 
	2805.000 
	2991.000 
	2056.500 
	981.500 

	
	95%
	3019.000 
	2935.000 
	2102.000 
	1057.000 
	8659.000 
	9024.000 
	7369.000 
	7825.000 
	9879.000 
	9895.000 
	9206.000 
	7961.000 

	
	Mean
	611.260 
	531.680 
	520.400 
	341.664 
	2676.436 
	2773.574 
	2550.947 
	2357.355 
	3627.346 
	3763.743 
	3017.819 
	2113.601 

	UL:
UPT CDF [Mbps]
	5%
	0.391 
	N/A
	0.066 
	N/A
	0.051 
	N/A
	0.000 
	N/A
	0.008 
	N/A
	0.000 
	N/A

	
	50%
	7.575 
	N/A
	10.784 
	N/A
	0.842 
	N/A
	0.162 
	N/A
	0.354 
	N/A
	0.168 
	N/A

	
	95%
	121.212 
	N/A
	121.212 
	N/A
	24.242 
	N/A
	97.561 
	N/A
	14.184 
	N/A
	26.144 
	N/A

	
	Mean
	23.047 
	N/A
	26.178 
	N/A
	5.712 
	N/A
	12.330 
	N/A
	3.272 
	N/A
	4.465 
	N/A

	UL:
Delay CDF

[s]
	5%
	33.000 
	N/A
	33.000 
	N/A
	165.000 
	N/A
	41.000 
	N/A
	151.000 
	N/A
	119.000 
	N/A

	
	50%
	490.000 
	N/A
	351.500 
	N/A
	2383.500 
	N/A
	3238.000 
	N/A
	3131.500 
	N/A
	3440.000 
	N/A

	
	95%
	5172.000 
	N/A
	5052.000 
	N/A
	8638.000 
	N/A
	9290.000 
	N/A
	9707.000 
	N/A
	9264.000 
	N/A

	
	Mean
	937.808 
	N/A
	1018.717 
	N/A
	3225.297 
	N/A
	3830.000 
	N/A
	3763.407 
	N/A
	3985.394 
	N/A

	𝜌DL
	0.923 
	0.912 
	0.944 
	0.955 
	0.591 
	0.562 
	0.591 
	0.613 
	0.442 
	0.425 
	0.550 
	0.662 

	𝜌UL
	0.907 
	N/A
	0.878 
	N/A
	0.625 
	N/A
	0.407 
	N/A
	0.470 
	N/A
	0.352 
	N/A

	BO
	0.066 
	0.066 
	0.065 
	0.033 
	0.385 
	0.385 
	0.447 
	0.352 
	0.578 
	0.578 
	0.555 
	0.428 

	𝜆
	0.5
	1.0
	1.5

	Company/tdoc: NTT DOCOMO / R1-153178
LBT category: 2
Outdoor scenario , 1 unlicensed carrier
Sensing threshold:  CCA-CS  -82 dBm for WiFi; CCA-ED  -62 dBm for both WiFi and LAA.

Additional assumption: No 256QAM, no LDPC, no RTS/CTS for Wi-Fi, Wi-Fi TXOP 4ms, LAA max. burst length 4ms

Non-replaced Wi-Fi has both DL and UL traffic with 5:5 split , LAA has DL only traffic

	DL:

UPT CDF [Mbps]
	5%
	0.847 
	0.323 
	0.053 
	0.000 
	0.041 
	0.007 
	0.000 
	0.000 
	0.005 
	0.007 
	0.000 
	0.000 

	
	50%
	12.699 
	23.256 
	12.579 
	22.472 
	1.136 
	0.681 
	2.548 
	0.829 
	0.369 
	0.172 
	0.199 
	0.159 

	
	95%
	102.564 
	125.000 
	125.000 
	114.286 
	85.106 
	54.795 
	121.212 
	97.561 
	48.193 
	26.316 
	41.237 
	43.011 

	
	Mean
	25.811 
	41.885 
	24.952 
	37.658 
	11.137 
	8.254 
	15.949 
	15.952 
	6.601 
	4.171 
	7.040 
	7.530 

	DL:
Delay CDF

[s]
	5%
	32.000 
	32.000 
	32.000 
	35.000 
	64.000 
	67.000 
	32.000 
	39.000 
	110.000 
	119.000 
	93.000 
	75.000 

	
	50%
	200.000 
	166.000 
	318.000 
	174.000 
	1534.500 
	1637.000 
	928.000 
	1526.500 
	2805.000 
	2991.000 
	3262.000 
	2995.000 

	
	95%
	3019.000 
	2935.000 
	5424.000 
	7122.000 
	8659.000 
	9024.000 
	9003.000 
	8892.000 
	9879.000 
	9895.000 
	9209.000 
	9587.000 

	
	Mean
	611.260 
	531.680 
	1115.377 
	1488.158 
	2676.436 
	2773.574 
	2530.425 
	2789.052 
	3627.346 
	3763.743 
	3489.066 
	3609.211 

	UL:
UPT CDF [Mbps]
	5%
	0.391 
	N/A
	0.005 
	N/A
	0.051 
	N/A
	0.000 
	N/A
	0.008 
	N/A
	0.000 
	N/A

	
	50%
	7.575 
	N/A
	2.488 
	N/A
	0.842 
	N/A
	0.305 
	N/A
	0.354 
	N/A
	0.042 
	N/A

	
	95%
	121.212 
	N/A
	93.023 
	N/A
	24.242 
	N/A
	51.282 
	N/A
	14.184 
	N/A
	15.625 
	N/A

	
	Mean
	23.047 
	N/A
	18.163 
	N/A
	5.712 
	N/A
	8.992 
	N/A
	3.272 
	N/A
	3.454 
	N/A

	UL:
Delay CDF

[s]
	5%
	33.000 
	N/A
	43.000 
	N/A
	165.000 
	N/A
	60.000 
	N/A
	151.000 
	N/A
	205.000 
	N/A

	
	50%
	490.000 
	N/A
	986.000 
	N/A
	2383.500 
	N/A
	2420.000 
	N/A
	3131.500 
	N/A
	3562.500 
	N/A

	
	95%
	5172.000 
	N/A
	10160.000 
	N/A
	8638.000 
	N/A
	9010.000 
	N/A
	9707.000 
	N/A
	10206.000 
	N/A

	
	Mean
	937.808 
	N/A
	2729.207 
	N/A
	3225.297 
	N/A
	3266.677 
	N/A
	3763.407 
	N/A
	4078.339 
	N/A

	𝜌DL
	0.923 
	0.912 
	0.824 
	0.808 
	0.591 
	0.562 
	0.639 
	0.555 
	0.442 
	0.425 
	0.455 
	0.431 

	𝜌UL
	0.907 
	N/A
	0.671 
	N/A
	0.625 
	N/A
	0.473 
	N/A
	0.470 
	N/A
	0.254 
	N/A

	BO
	0.066 
	0.066 
	0.162 
	0.093 
	0.385 
	0.385 
	0.418 
	0.367 
	0.578 
	0.578 
	0.652 
	0.619 

	𝜆
	0.5
	1.0
	1.5

	Company/tdoc: NTT DOCOMO / R1-153178
LBT category: 3
Outdoor scenario , 1 unlicensed carrier
Sensing threshold:  CCA-CS  -82 dBm for WiFi; CCA-ED  -62 dBm for both WiFi and LAA.

Additional assumption: No 256QAM, no LDPC, no RTS/CTS for Wi-Fi, Wi-Fi TXOP 4ms, Wi-Fi TXOP 4ms, LAA LBT always have ECCA and defer period, Q=10, defer period = 32us, ECCA slot = 24us
Non-replaced Wi-Fi has both DL and UL traffic with 5:5 split , LAA has DL only traffic

	DL:

UPT CDF [Mbps]
	5%
	0.847 
	0.323 
	0.146 
	0.002 
	0.041 
	0.007 
	0.004 
	0.019 
	0.005 
	0.007 
	0.049 
	0.001 

	
	50%
	12.699 
	23.256 
	12.004 
	31.764 
	1.136 
	0.681 
	9.456 
	13.559 
	0.369 
	0.172 
	1.491 
	0.293 

	
	95%
	102.564 
	125.000 
	125.000 
	117.647 
	85.106 
	54.795 
	125.000 
	114.286 
	48.193 
	26.316 
	66.667 
	53.333 

	
	Mean
	25.811 
	41.885 
	28.931 
	45.960 
	11.137 
	8.254 
	27.912 
	29.862 
	6.601 
	4.171 
	11.663 
	8.406 

	DL:
Delay CDF

[s]
	5%
	32.000 
	32.000 
	32.000 
	34.000 
	64.000 
	67.000 
	32.000 
	35.000 
	110.000 
	119.000 
	50.000 
	62.000 

	
	50%
	200.000 
	166.000 
	317.000 
	126.000 
	1534.500 
	1637.000 
	359.000 
	279.000 
	2805.000 
	2991.000 
	1685.500 
	2264.000 

	
	95%
	3019.000 
	2935.000 
	3324.000 
	5185.000 
	8659.000 
	9024.000 
	7043.000 
	6467.000 
	9879.000 
	9895.000 
	7974.000 
	9113.000 

	
	Mean
	611.260 
	531.680 
	805.107 
	862.476 
	2676.436 
	2773.574 
	1408.073 
	1253.533 
	3627.346 
	3763.743 
	2477.289 
	3172.527 

	UL:
UPT CDF [Mbps]
	5%
	0.391 
	N/A
	0.062 
	N/A
	0.051 
	N/A
	0.008 
	N/A
	0.008 
	N/A
	0.000 
	N/A

	
	50%
	7.575 
	N/A
	10.349 
	N/A
	0.842 
	N/A
	1.578 
	N/A
	0.354 
	N/A
	0.240 
	N/A

	
	95%
	121.212 
	N/A
	117.647 
	N/A
	24.242 
	N/A
	95.238 
	N/A
	14.184 
	N/A
	37.037 
	N/A

	
	Mean
	23.047 
	N/A
	23.428 
	N/A
	5.712 
	N/A
	14.355 
	N/A
	3.272 
	N/A
	5.517 
	N/A

	UL:
Delay CDF

[s]
	5%
	33.000 
	N/A
	34.000 
	N/A
	165.000 
	N/A
	42.000 
	N/A
	151.000 
	N/A
	73.000 
	N/A

	
	50%
	490.000 
	N/A
	382.500 
	N/A
	2383.500 
	N/A
	1844.000 
	N/A
	3131.500 
	N/A
	2835.000 
	N/A

	
	95%
	5172.000 
	N/A
	6263.000 
	N/A
	8638.000 
	N/A
	9483.000 
	N/A
	9707.000 
	N/A
	9464.000 
	N/A

	
	Mean
	937.808 
	N/A
	1210.959 
	N/A
	3225.297 
	N/A
	3020.267 
	N/A
	3763.407 
	N/A
	3544.503 
	N/A

	𝜌DL
	0.923 
	0.912 
	0.906 
	0.895 
	0.591 
	0.562 
	0.833 
	0.811 
	0.442 
	0.425 
	0.664 
	0.497 

	𝜌UL
	0.907 
	N/A
	0.855 
	N/A
	0.625 
	N/A
	0.650 
	N/A
	0.470 
	N/A
	0.476 
	N/A

	BO
	0.066 
	0.066 
	0.118 
	0.087 
	0.385 
	0.385 
	0.270 
	0.221 
	0.578 
	0.578 
	0.507 
	0.520 

	𝜆
	0.5
	1.0
	1.5

	Company/tdoc: NTT DOCOMO / R1-153178
LBT category: 4
Outdoor scenario , 1 unlicensed carrier
Sensing threshold:  CCA-CS  -82 dBm for WiFi; CCA-ED  -62 dBm for both WiFi and LAA.

Additional assumption: No 256QAM, no LDPC, no RTS/CTS for Wi-Fi, Wi-Fi TXOP 4ms, Wi-Fi TXOP 4ms,
LAA BiCCA: 32 us, DiCCA: 32us, T: 8us, CW range 16-1024, CW adjustment: doubled when NACK received
Non-replaced Wi-Fi has both DL and UL traffic with 5:5 split , LAA has DL only traffic


3.2. Evaluation results of different CCA-ED threshold 
In the evaluation shown in the previous sub-section, CCA-ED threshold for LAA of -62dBm is assumed. Lower CCA-ED threshold could lead LAA nodes more sensitive to the surrounding interference and less opportunity to seize the channel. Then, in the case of Wi-Fi-LAA co-existence, Wi-Fi nodes would have higher possibility to use the carrier and achieve higher throughput.  Table 3-2 shows the co-existence performance of Wi-Fi with DL+UL traffic and LAA with DL only traffic by assuming CCA-ED threshold of -62dBm, -72dBm and -82dBm. LAA with LBT Cat.2, 3 and 4 are evaluated.  
In terms of average UPT of LAA, it is found that the CCA-ED threshold of -82dBm achieves the lowest performance for LAA with Cat.2/3/4 LBT. While for the average UPT of non-replaced Wi-Fi with either DL or UL, the best CCA-ED threshold is -72dBm and -82dBm for Cat.3/4 and Cat.2, respectively. 
Observation 3: Lower CCA-ED threshold of LAA LBT could lead higher throughput of Wi-Fi. The optimal CCA-ED threshold is different for different LBT mechanism.   
Table 3-2 Coexistence evaluation results for UL+DL Wi-Fi with DL-only LAA in FTP traffic with different CCA threshold (outdoor)
	Reported parameters
	Medium load (CCA-ED -62dBm)
BO range for Wi-Fi Opt.1 in Step 1:

35%~50%
	Medium load (CCA-ED -72dBm)
BO range for Wi-Fi Opt.1 in Step 1:

35%~50%
	Medium load (CCA-ED -82dBm)
BO range for Wi-Fi Opt.1 in Step 1:

35%~50%

	
	Wi-Fi Opt.1 in

step 1
	Wi-Fi Opt.2 in

step 1
	Wi-Fi Opt.1 in

step 2
	LAA Opt.2 in

step 2
	Wi-Fi Opt.1 in

step 1
	Wi-Fi Opt.2 in

step 1
	Wi-Fi Opt.1 in

step 2
	LAA Opt.2 in

step 2
	Wi-Fi Opt.1 in

step 1
	Wi-Fi Opt.2 in

step 1
	Wi-Fi Opt.1 in

step 2
	LAAOpt.2 in

step 2

	DL:

UPT CDF [Mbps]
	5%
	0.041 
	0.007 
	0.003 
	0.000 
	0.041 
	0.007 
	0.006 
	0.002 
	0.041 
	0.007 
	0.000 
	0.000 

	
	50%
	1.136 
	0.681 
	0.911 
	1.384 
	1.136 
	0.681 
	0.726 
	1.489 
	1.136 
	0.681 
	2.319 
	0.413 

	
	95%
	85.106 
	54.795 
	121.212 
	100.000 
	85.106 
	54.795 
	51.282 
	75.472 
	85.106 
	54.795 
	121.212 
	86.957 

	
	Mean
	11.137 
	8.254 
	13.555 
	18.257 
	11.137 
	8.254 
	8.895 
	14.529 
	11.137 
	8.254 
	17.040 
	14.869 

	DL:
Delay CDF

[s]
	5%
	64.000 
	67.000 
	33.000 
	38.000 
	64.000 
	67.000 
	70.000 
	52.000 
	64.000 
	67.000 
	33.000 
	46.000 

	
	50%
	1534.500 
	1637.000 
	1734.500 
	1153.500 
	1534.500 
	1637.000 
	1303.000 
	1441.000 
	1534.500 
	1637.000 
	1000.000 
	1367.000 

	
	95%
	8659.000 
	9024.000 
	7369.000 
	7825.000 
	8659.000 
	9024.000 
	7621.000 
	7998.000 
	8659.000 
	9024.000 
	8290.000 
	8509.000 

	
	Mean
	2676.436 
	2773.574 
	2550.947 
	2357.355 
	2676.436 
	2773.574 
	2351.750 
	2450.257 
	2676.436 
	2773.574 
	2167.986 
	2490.647 

	UL:
UPT CDF [Mbps]
	5%
	0.051 
	N/A
	0.000 
	N/A
	0.051 
	N/A
	0.000 
	N/A
	0.051 
	N/A
	0.000 
	N/A

	
	50%
	0.842 
	N/A
	0.162 
	N/A
	0.842 
	N/A
	0.124 
	N/A
	0.842 
	N/A
	0.745 
	N/A

	
	95%
	24.242 
	N/A
	97.561 
	N/A
	24.242 
	N/A
	31.496 
	N/A
	24.242 
	N/A
	49.383 
	N/A

	
	Mean
	5.712 
	N/A
	12.330 
	N/A
	5.712 
	N/A
	5.215 
	N/A
	5.712 
	N/A
	9.085 
	N/A

	UL:
Delay CDF

[s]
	5%
	165.000 
	N/A
	41.000 
	N/A
	165.000 
	N/A
	69.000 
	N/A
	165.000 
	N/A
	81.000 
	N/A

	
	50%
	2383.500 
	N/A
	3238.000 
	N/A
	2383.500 
	N/A
	3553.500 
	N/A
	2383.500 
	N/A
	1961.000 
	N/A

	
	95%
	8638.000 
	N/A
	9290.000 
	N/A
	8638.000 
	N/A
	9705.000 
	N/A
	8638.000 
	N/A
	8981.000 
	N/A

	
	Mean
	3225.297 
	N/A
	3830.000 
	N/A
	3225.297 
	N/A
	4171.629 
	N/A
	3225.297 
	N/A
	2905.128 
	N/A

	𝜌DL
	0.591 
	0.562 
	0.591 
	0.613 
	0.591 
	0.562 
	0.581 
	0.598 
	0.591 
	0.562 
	0.662 
	0.499 

	𝜌UL
	0.625 
	N/A
	0.407 
	N/A
	0.625 
	N/A
	0.370 
	N/A
	0.625 
	N/A
	0.584 
	N/A

	BO
	0.385 
	0.385 
	0.447 
	0.352 
	0.385 
	0.385 
	0.442 
	0.401 
	0.385 
	0.385 
	0.394 
	0.360 

	𝜆
	1.0
	1.0
	1.0

	Company/tdoc: NTT DOCOMO / R1-153178
LBT category: 2
Outdoor scenario , 1 unlicensed carrier
Sensing threshold:  CCA-CS  -82 dBm for WiFi; CCA-ED  -62 dBm for WiFi and -62/-72/-82 dBm for LAA.

Additional assumption: No 256QAM, no LDPC, no RTS/CTS for Wi-Fi, Wi-Fi TXOP 4ms, LAA max. burst length 4ms

Non-replaced Wi-Fi has both DL and UL traffic with 5:5 split , LAA has DL only traffic 
Non-replaced Wi-Fi has both DL and UL traffic with 5:5 split , LAA has DL only traffic

	DL:

UPT CDF [Mbps]
	5%
	0.041 
	0.007 
	0.000 
	0.000 
	0.041 
	0.007 
	0.024 
	0.000 
	0.041 
	0.007 
	0.000 
	0.000 

	
	50%
	1.136 
	0.681 
	2.548 
	0.829 
	1.136 
	0.681 
	7.655 
	1.321 
	1.136 
	0.681 
	1.160 
	0.222 

	
	95%
	85.106 
	54.795 
	121.212 
	97.561 
	85.106 
	54.795 
	125.000 
	88.889 
	85.106 
	54.795 
	100.000 
	67.797 

	
	Mean
	11.137 
	8.254 
	15.949 
	15.952 
	11.137 
	8.254 
	24.443 
	16.903 
	11.137 
	8.254 
	16.962 
	10.230 

	DL:
Delay CDF

[s]
	5%
	64.000 
	67.000 
	32.000 
	39.000 
	64.000 
	67.000 
	32.000 
	40.000 
	64.000 
	67.000 
	32.000 
	59.000 

	
	50%
	1534.500 
	1637.000 
	928.000 
	1526.500 
	1534.500 
	1637.000 
	459.000 
	886.000 
	1534.500 
	1637.000 
	1220.500 
	2191.000 

	
	95%
	8659.000 
	9024.000 
	9003.000 
	8892.000 
	8659.000 
	9024.000 
	6958.000 
	9124.000 
	8659.000 
	9024.000 
	8686.000 
	9171.000 

	
	Mean
	2676.436 
	2773.574 
	2530.425 
	2789.052 
	2676.436 
	2773.574 
	1792.000 
	2459.259 
	2676.436 
	2773.574 
	2550.893 
	3206.470 

	UL:
UPT CDF [Mbps]
	5%
	0.051 
	N/A
	0.000 
	N/A
	0.051 
	N/A
	0.000 
	N/A
	0.051 
	N/A
	0.000 
	N/A

	
	50%
	0.842 
	N/A
	0.305 
	N/A
	0.842 
	N/A
	1.289 
	N/A
	0.842 
	N/A
	0.786 
	N/A

	
	95%
	24.242 
	N/A
	51.282 
	N/A
	24.242 
	N/A
	114.286 
	N/A
	24.242 
	N/A
	59.702 
	N/A

	
	Mean
	5.712 
	N/A
	8.992 
	N/A
	5.712 
	N/A
	14.904 
	N/A
	5.712 
	N/A
	9.654 
	N/A

	UL:
Delay CDF

[s]
	5%
	165.000 
	N/A
	60.000 
	N/A
	165.000 
	N/A
	33.000 
	N/A
	165.000 
	N/A
	54.000 
	N/A

	
	50%
	2383.500 
	N/A
	2420.000 
	N/A
	2383.500 
	N/A
	1526.000 
	N/A
	2383.500 
	N/A
	1977.000 
	N/A

	
	95%
	8638.000 
	N/A
	9010.000 
	N/A
	8638.000 
	N/A
	8528.000 
	N/A
	8638.000 
	N/A
	9237.000 
	N/A

	
	Mean
	3225.297 
	N/A
	3266.677 
	N/A
	3225.297 
	N/A
	2490.026 
	N/A
	3225.297 
	N/A
	3073.116 
	N/A

	𝜌DL
	0.591 
	0.562 
	0.639 
	0.555 
	0.591 
	0.562 
	0.748 
	0.580 
	0.591 
	0.562 
	0.560 
	0.425 

	𝜌UL
	0.625 
	N/A
	0.473 
	N/A
	0.625 
	N/A
	0.620 
	N/A
	0.625 
	N/A
	0.546 
	N/A

	BO
	0.385 
	0.385 
	0.418 
	0.367 
	0.385 
	0.385 
	0.293 
	0.331 
	0.385 
	0.385 
	0.386 
	0.423 

	𝜆
	1.0
	1.0
	1.0

	Company/tdoc: NTT DOCOMO / R1-153178
LBT category: 3
Outdoor scenario , 1 unlicensed carrier
Sensing threshold:  CCA-CS  -82 dBm for WiFi; CCA-ED  -62 dBm for WiFi and -62/-72/-82 dBm for LAA.
Additional assumption: No 256QAM, no LDPC, no RTS/CTS for Wi-Fi, Wi-Fi TXOP 4ms, Wi-Fi TXOP 4ms, LAA LBT always have ECCA and defer period, Q=10, defer period = 32us, ECCA slot = 24us

Non-replaced Wi-Fi has both DL and UL traffic with 5:5 split , LAA has DL only traffic

	DL:

UPT CDF [Mbps]
	5%
	0.041 
	0.007 
	0.004 
	0.019 
	0.041 
	0.007 
	0.001 
	0.000 
	0.041 
	0.007 
	0.076 
	0.000 

	
	50%
	1.136 
	0.681 
	9.456 
	13.559 
	1.136 
	0.681 
	4.566 
	14.652 
	1.136 
	0.681 
	4.126 
	5.430 

	
	95%
	85.106 
	54.795 
	125.000 
	114.286 
	85.106 
	54.795 
	125.000 
	117.647 
	85.106 
	54.795 
	125.000 
	117.647 

	
	Mean
	11.137 
	8.254 
	27.912 
	29.862 
	11.137 
	8.254 
	25.220 
	33.607 
	11.137 
	8.254 
	22.959 
	26.529 

	DL:
Delay CDF

[s]
	5%
	64.000 
	67.000 
	32.000 
	35.000 
	64.000 
	67.000 
	32.000 
	34.000 
	64.000 
	67.000 
	32.000 
	34.000 

	
	50%
	1534.500 
	1637.000 
	359.000 
	279.000 
	1534.500 
	1637.000 
	677.000 
	235.500 
	1534.500 
	1637.000 
	660.000 
	463.500 

	
	95%
	8659.000 
	9024.000 
	7043.000 
	6467.000 
	8659.000 
	9024.000 
	7362.000 
	5768.000 
	8659.000 
	9024.000 
	6639.000 
	7065.000 

	
	Mean
	2676.436 
	2773.574 
	1408.073 
	1253.533 
	2676.436 
	2773.574 
	1799.672 
	1268.372 
	2676.436 
	2773.574 
	1563.272 
	1709.840 

	UL:
UPT CDF [Mbps]
	5%
	0.051 
	N/A
	0.008 
	N/A
	0.051 
	N/A
	0.001 
	N/A
	0.051 
	N/A
	0.037 
	N/A

	
	50%
	0.842 
	N/A
	1.578 
	N/A
	0.842 
	N/A
	2.829 
	N/A
	0.842 
	N/A
	3.049 
	N/A

	
	95%
	24.242 
	N/A
	95.238 
	N/A
	24.242 
	N/A
	121.212 
	N/A
	24.242 
	N/A
	97.561 
	N/A

	
	Mean
	5.712 
	N/A
	14.355 
	N/A
	5.712 
	N/A
	17.422 
	N/A
	5.712 
	N/A
	16.935 
	N/A

	UL:
Delay CDF

[s]
	5%
	165.000 
	N/A
	42.000 
	N/A
	165.000 
	N/A
	33.000 
	N/A
	165.000 
	N/A
	41.000 
	N/A

	
	50%
	2383.500 
	N/A
	1844.000 
	N/A
	2383.500 
	N/A
	906.000 
	N/A
	2383.500 
	N/A
	845.500 
	N/A

	
	95%
	8638.000 
	N/A
	9483.000 
	N/A
	8638.000 
	N/A
	7520.000 
	N/A
	8638.000 
	N/A
	6458.000 
	N/A

	
	Mean
	3225.297 
	N/A
	3020.267 
	N/A
	3225.297 
	N/A
	1888.431 
	N/A
	3225.297 
	N/A
	1804.177 
	N/A

	𝜌DL
	0.591 
	0.562 
	0.833 
	0.811 
	0.591 
	0.562 
	0.688 
	0.758 
	0.591 
	0.562 
	0.819 
	0.680 

	𝜌UL
	0.625 
	N/A
	0.650 
	N/A
	0.625 
	N/A
	0.703 
	N/A
	0.625 
	N/A
	0.733 
	N/A

	BO
	0.385 
	0.385 
	0.270 
	0.221 
	0.385 
	0.385 
	0.263 
	0.195 
	0.385 
	0.385 
	0.260 
	0.251 


	𝜆
	1.0
	1.0
	1.0

	Company/tdoc: NTT DOCOMO / R1-153178
LBT category: 4
Outdoor scenario , 1 unlicensed carrier
Sensing threshold:  CCA-CS  -82 dBm for WiFi; CCA-ED  -62 dBm for WiFi and -62/-72/-82 dBm for LAA.
Additional assumption: No 256QAM, no LDPC, no RTS/CTS for Wi-Fi, Wi-Fi TXOP 4ms, Wi-Fi TXOP 4ms,
LAA BiCCA: 32 us, DiCCA: 32us, T: 8us, CW range 16-1024, CW adjustment: doubled when NACK received
Non-replaced Wi-Fi has both DL and UL traffic with 5:5 split , LAA has DL only traffic


4. Conclusion 

In this contribution, we provided evaluation results of co-existence between Wi-Fi with both DL and UL traffic and LAA with DL only traffic. Evaluation results of different LBT mechanisms for LAA are evaluated in different traffic load. Furthermore, the different CCA-ED thresholds of LAA are evaluated. From the evaluation results, we have following observations. 

Observation 1: Cat.2, 3 and 4 LBT mechanisms for DL only LAA could provide less impact on the neighboring Wi-Fi performance than another Wi-Fi, even when the neighboring Wi-Fi has both DL and UL traffic. 
Observation 2: LAA with Cat.2 or 4 LBT achieves higher LAA and Wi-Fi throughputs compared with LAA with Cat.3 LBT.
Observation 3: Lower CCA-ED threshold of LAA LBT could lead higher throughput of Wi-Fi. The optimal CCA-ED threshold is different for different LBT mechanism.   
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Appendix 1. Detailed Evaluation Assumptions
Table A-I - Simulation Parameters
 [image: image3.emf]Basic parameters Value

Bandwidth

20MHz in unlicensed band for Wi-Fi STA and LAA

UE, w/o 10MHz in licensed band for LAA UE

Carrier number (Y) 1

AP/small cell number per operator 4

UE number per operator 10

DL Tx Power 18 dBm

SC/AP dropping Random and uniform within 50 m cluster radius

Mini. dist. b/w SC/AP 20 m of same operator, 10 m of different operator

UE/STA dropping Random and uniform within 20ms from each SC/AP

Cell selection Best RSRP-based larger than -82dBm

Antenna configuration 2Tx2Rx CPA

MIMO Up to 2 streams

UE/STA receiver MMSE-IRC

Traffic model FTP model 3 with packet size of 0.5 Mbytes

Simulation step 8 us

LAA parameters Value

Link adaptation Close loop by CQI, PMI, RI feedback

HARQ Chase combine

MCS QSPK/16QAM/64QAM

CCA threshold (all) -62dBm/-72dBm/-82dBm

Scheduler Proportional fairness

Wi-Fi parameters Value

MCS 802.11ac MCS table without 256QAM

Channel coding BCC

DIFS 32 us

RTS/CTS N/A

Contention window 15~1023

Max burst length 4 ms

Frame aggregation A-MPDU

MPDU 1.5 K Byte size

Link adaptation Open loop using ACK

CCA-CS (Wi-Fi ) -82 dBm

CCA-ED (all) -62 dBm

Scheduler Round-robin
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