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1 Introduction
At the RAN1#80 meeting the following channel access schemes were discussed and agreed to be further evaluated [1]. 
Agreements:
· Classify the evaluated LBT schemes according to the following categories:

· Category 1: No LBT

· Category 2: LBT without random back-off

· Category 3: LBT with random back-off with fixed size of contention window
· Category 4: LBT with random back-off with variable size of contention window
In this contribution, we investigate 3 LBT schemes including Category 2 (C2), Category 3 (C3) and Category 4 (C4), and we summarize the evaluation results of Wi-Fi as well as LAA-LTE for DL-only scenarios, and compare the performance of these categories.
2 Simulation scenarios and assumptions
2.1 LBT schemes

In this contribution, we summarize the evaluation results for 3 LBT schemes, including:

1. FBE as defined in EN BRAN V1.8.0, as an example of C2 [2];

2. LBE with fixed size of contention window as defined in EN BRAN V1.8.0, as an example of C3 [3];

3. LBE with exponential size of contention window,  as an example of  C4 [4].
Some assumptions for the CCA mechanism of the 3 LBT schemes in simulation are given in the following table, while other detailed characteristics of these schemes can refer to [5].
	
	C2
	C3
	C4

	Contention window length
	-
	q = 32
	q ~ [16, 1024]

	Is there random back-off?
	No
	Yes
	Yes

	CCA/ECCA slot length
	24us
	24us
	≥18us

	Transmission time of a burst
	≤10ms
	≤13ms
	≤10ms

	Trigger event to increase the contention window size
	-
	-
	q shall be doubled if >90% NACKs are received during the latest transmission burst

	Trigger event to reset the contention window size to the initial value
	-
	-
	ACK is received or q has reached the maximum value 


2.2 Co-existence cases

Three co-existence scenarios are evaluated for indoor and outdoor deployments with X=4, Y=1 as following:
· Scenario a:  Operator #1 deploys Wi-Fi and operator #2 deploys Wi-Fi

· Scenario b:  Operator #1 deploys Wi-Fi and operator #2 deploys LAA-LTE
· Scenario c:  Operator #1 deploys LAA-LTE and operator #2 deploys LAA-LTE
The deployment parameters are based on the agreed coexistence assumptions in [6] unless otherwise stated in the appendix. Wi-Fi performances in Scenario b are shown to compare the impacts of different LBT schemes on Wi-Fi performance. In addition, LAA-LTE performances in Scenario c are also shown to compare the performance of LAA-LTE in case of LAA-LTE inter-operator co-existence scenario.
3 Simulation results

The simulation results for the 3 categories are summarized and compared in this section, where the average user perceived throughput (UPT) is taken as the metric. 
3.1 Indoor results
The average UPT performances for indoor deployment are summarized in the following figure, where λ = 1.0 and 1.6 respectively correspond to 0.78 and 0.89 buffer occupancies of Wi-Fi when co-existing with Wi-Fi, both of which are high load cases.
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Figure 1: Average UPT of LAA-LTE with different LBT schemes and Wi-Fi for  indoor deployment (with WiFi with WiFi as a reference)
It can be seen that Wi-Fi performance is significantly improved in terms of average UPT when co-existing with LAA-LTE as compared to co-existing with another Wi-Fi network, for all 3 LBT categories. LAA-LTE with C2 outperforms other categories in LAA-LTE only co-existing scenario when λ = 1.0 (buffer occupancy 0.23 for LAA-LTE, i.e. light traffic load). When λ = 1.6 (buffer occupancy 0.57 for LAA-LTE, i.e. heavy traffic load), however, C2 has lower average UPT than other categories for LAA-LTE co-existing with LAA-LTE scenario. This is because LAA-LTE with C2 can be blocked easily in considerably heavy traffic cases in which one eNB may always sense busy channel which is persistently occupied by another eNB when both eNBs have same length of fixed frame length. To overcome this problem, adaptive FBE frame structure may be beneficial to guarantee performances of LAA-LTE in both light and heavy load cases. Compared to C3, C4 provides slight performance improvement for the co-existing Wi-Fi system, but at the same time C4 causes performance degradation to LAA-LTE itself especially in high load case, which means the extended backoff window introduces disadvantage to the capability of contention for LAA-LTE. C3 is already providing good enough co-existence performance for Wi-Fi and provides a more uniform LAA performance when LAA coexists with WiFi or LAA. 
3.2 Outdoor results
The average UPT performances for outdoor deployment are summarized in the following figure, where λ = 1.0 and 1.6 respectively correspond to 0.71 and 0.85 buffer occupancies of Wi-Fi when co-existing with Wi-Fi.
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Figure 2: Average UPT of LAA-LTE with different LBT schemes and Wi-Fi for outdoor deployment (with WiFi with WiFi as a reference)
Similar trends can be observed as in the indoor case. 
4 Conclusion

In this contribution, we summarized and compared the impacts of 3 LBT schemes of LAA-LTE to Wi-Fi and LAA-LTE for both indoor and outdoor deployments. Based on the simulation results, we draw the following conclusions:
Observation 1: For channel access schemes using LBT categories 2, 3 or 4, LAA does not impact Wi-Fi more than a Wi-Fi network offering the same traffic to the same number of users, even in heavy load.

Observation 2: LBT categories 2 (fixed contention window) allows LAA to achieve higher performance than other LBT categories in light traffic load, while it performs poorly in heavy traffic load especially for LAA-LTE only deployment (if no special care is taken to avoid persistent blocking).
Observation 3: Compared to LBT with a fixed contention window, a variable contention window can offer some limited gains for the co-existing Wi-Fi performance, but a variable contention window can also result in harmful impact to LAA-LTE performance especially in high load cases.
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Appendix: Simulation assumptions
The default parameters in the simulation can refer to the baseline in [7]. Besides, some other selected assumptions are given in the following table.
Table 1 Detailed simulation assumptions 

	Parameters 
	LAA-LTE 
	Wi-Fi 

	Carrier number (Y)
	1

	Traffic model
	BB. FTP3 with packet size of 0.5Mbyts. 

	Tx mode
	MIMO with 1 layer transmission
	MIMO with open loop transmission

	LBT scheme
	C2/3/4
	CSMA/CA

	CCA threshold
	-73 dBm/MHz + 23 - PH, PH specified in dBm EIRP
	-62 dBm  for CCA-ED;

  -82 dBm for CCA-CS

	Length of extended CCA (C3/4) / Wifi CCA backoff
	1~N CCA slots of LAA-LTE, where N~[1,q];
C3: q = 32;

C4: q=16 as a default value, but can be adaptively adjusted
	1~Z-1 CCA slots of Wi-Fi, where Z=16 as a default value, doubled when ACK is not received, and reset to 16 when ACK is received. The max value of Z is 1024

	CCA slot length
	C2/C3: 24us;
C4: 18us;
	8us

	MPDU size
	NA
	1500k Bytes

	Max transmission time
	13ms
	3ms

	HARQ 
	Retransmission with max 3times 
	ACK modeled

	Rate control
	Closed loop
	Open loop

	RTS/CTS
	NA

	MCS
	Up to 256QAM for LAA and Wi-Fi
LDPC for Wi-Fi


























































































































